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Since  the  last  Kelvin  lecture  was  given  we  have  to 
lament  the  loss  of  Silvanus  Thompson,  the  first  Kelvin 
lecturer.  We  shall  sadly  miss  his  frequent  contributions 
to  our  debates— always  admirable  in  every  way — his  enthu- 
siasm for  electrical  discovery,  and  his  kindly  criticism. 
But  most  of  all  we  shall  miss  his  generous  and  unsparing 
kelp  at  our  Council  and  Committee  meetings. 

We  have  also  to  lament  the  loss  of  Sir  William  Ramsay, 
whose  great  discoveries,  argon,  helium,  neon,  krypton, 
xenon  and  the  relationship  between  radium  and  helium, 
have  placed  him  for  all  time  in  the  front  rank  of  philoso- 
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phers.  In  early  life  Ramsay  came  much  in  contact  with 
Kelvin,  who  was  a  friend  of  his  father.  Kelvin  was  one  of 
the  first  to  detect  the  genius  of  young  Ramsay,  and  when 
he  was  his  pupil  he  did  his  best  to  develop  his  ability. 
In  after  years  Ramsay  always  gratefully  remembered  the 
kindness  of  his  old  friend  and  professor.  In  later  life  he 
enjoyed  nothing  better  than  giving  reminiscences  of  hita 
to  his  friends  (see  Appendix  i). 

I.    E.\RLY  TlUIXIXG  AT  GLASGOW. 

The  period  of  KeUin's  life  which  is  of  the  greatest  human 
interest  and  well  deserves  special  study  by  educationalists 
is  from  his  eighth  to  his  sixteenth  year.  His  father,  James 
Thomson,  was  appointed  to  the  Chair  of  Mathematics  in 
Glasgow  University  in  William's  (Lord  Kelvin's)  eighth 
year.  We  know  that  when  William  was  eight  vears  old, 
he  and  his  elder  brother  James  attended  unofficially  their 
father's  junior  mathematical  class.  It  is  recorded  that 
William  once  electrified  the  class  by  asking  his  father's 
permission  to  answer  a  question.  His  own  family  had  the 
highest  possible  opinion  of  his  ability.  When  he  was 
10  years  old  he  matriculated  at  Glasgow  University  and 
went  through  the  .Arts  Course,  going  up  to  Cambridge  at 
the  beginning  of  his  seventeenth  year. 

His  father  carefully  superintended  William's  course  at 
Glasgow,  fostering  his  love  for  physical  science  and  giving 
him  judicious  help  in  his  mathematical  and  classical  studies. 
Although  a  strict  disciplinarian  he  never  alienated  the 
affection  of  his  children.  In  his  later  life  Kelvin  often 
recalled  that  all  that  he  had  learnt  as  a  boy  in  English, 
geography,  history,  mathematics,  and  classics,  was  taught 
him  at  home  along  with  his  brothers  and  sisters  by  his 
father.  He  used  also  to  add  that  he  never  met  a  better 
teacher  in  anything  than  his  father  was  in  everything. 

During  his  course  at  Glasgow  he  studied  under  several 
famous  professors  and  won  distinction  by  carrying  off  most 
of  the  prizes.  The  preparing  for  examinations  at  this 
period  encouraged  that  hot  intemperate  method  of  study 
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which  caused  in  after  years  so  much  anxiety  to  the  second 
Lady  Thomson.*  Luckily,  however,  the  Glasgow  session 
lasted  only  during  tlic  six  winter  months,  .ind  so  Professor 
Thomson  and  his  family  could  spend  a  consider.iblc  part 
of  the  summer  vacation  in  holiday-m.iking.  The  letters  of 
the  family  show  how  much  they  all  liked  these  happy 
months  at  vilUiges  on  the  Kirth  of  Clyde.  William  then 
acquired  that  lifelong  love  for  navigational  problems  and 
for  the 

"  Billow  and  brrcxc.  isl.inds  and  seas. 
Mountains  of  rain  and  sun," 

which  are  typical  of  the  West  Coast  of  Scotland.  The 
swimming.  lx)ating,  and  mountaineering  in  which  he  then 
delighted  Ixith  .accentuated  his  mental  activity  and  per- 
fected his  bodily  health.  He  read  and  studied  mathe- 
matical works  .assiduously,  being  e.ager  to  qualify  himself 
to  att.ack  those  physical  problems  about  which  he  had 
heard  so  much  at  college.  One  of  his  favourite  books  was 
De  Morgan's  "  Differential  and  Integral  Calculus."  Some 
of  the  difficulties  in  this  book  were  doubtless  explained  to 
him  by  his  father,  but  the  reading  of  it  he  regarded  as 
relaxation  as  it  gave  him  great  pleasure. 

His  last  year  at  Glasgow  I'niversity  w.as  one  of  un- 
exampled mental  activity.  Some  years  later  on  looking 
back  on  this  period  he  said  that  "  his  mental  vision  was 
clearer  then  than  it  w.as  now."  Heh.id  little  desire  to  read 
novels  and  read  very  few.  In  f.act  from  i8^o  to  1843  he 
read  none. 

It  would  be  very  unsafe  to  deduce  any  general  rules  for 
the  education  of  genius  from  Thomson's  e.arly  life.  The 
main  features  in  his  case  are  an  experienced  father  anxious 
to  te.ach  and  a  bright  son  willing  to  learn.  He  did  not 
need  the  inducement  of  prizes  in  order  to  excel,  although 
he  gained  many.  To  play  truant  would  have  been  abhor- 
rent to  him.  K.  L.  Stevenson,  one  of  the  most  brilliant  of 
authors,  has  bo.asted  that  no  one  ever  played  truant  with 
more  deliberate  care  than  he  did  himself,  and  that  no  one 
ever  had  more  certificates  for  less  education.  The  Arts 
Course  of  the  Scotch  universities  so  admirable  for  Thom- 
son was  neither  interesting  nor  attractive  to  one  like 
Stevenson,  endowed  with  a  strong  literary  and  artistic 
temperament. 

William  Thomson's  elder  brother  James,  who  was  aftcr- 
wartls  professor  of  engineering  at  Glasgow  University,  was 
a  tliouglitful  and  thorough  student  who  w.as  much  loved  by 
his  friends.  He  was  less  brilliant  than  his  younger  brother, 
but  no  trace  of  jealousy  ever  shadowed  their  affection. 
Their  sister  Mrs.  King  in  "  Lord  Kelvin's  Karly  Home  " 
tells  how  both  James  and  William  made  frictional  elec- 
trical machines  when  they  were  boys.  The  one  James 
made  was  more  ambitious  and  belter  designed  from  Ihe 
mechanical  point  of  view,  but  William's  worked  quite 
utisfactorily.  Kven  the  smell  of  ozone  proved  atlraclive 
•o  Ihc  Thomson  family,  who  used  to  call  it  "  sulphur  and 
phosphorus.  " 

Before  Thomson  came  up  to  Cambridge  he  wrolc  a 
paper  criticizing  a  theorem  given  in  Kclland's  "  Theory  of 
Heal."  The  paper  is  purely  mathematical,  and  is  a  remark- 
able production  for  a  boy  of  sixteen.  It  was  Ihe  forerunner 
of  many  hundreds  of  papers,  some  of  which  f)pcned  up 
unckplnrcd  regions  of  science  and  all  of  which  were 
characterized  by  clear  thinking  and  deep  physical  insight. 
•  ApprnilK  I 


2.  Electrostatics. 

The  first  important  p.aper  of  Thomson's  >;is  written 
four  months  later,  just  before  he  entered  I*<*<rhouse, 
Cambridge,  as  a  freshman.  It  was  entitled  "  On  th^  IU\'\- 
form  Motion  of  Heat  in  Homogeneous  Solid  Bodies,  ai^l 
its  Connection  with  the  Matheinaticd  Theory  of  Elec- 
tricity." He  points  out  how  the  problem  of  the  flow  of 
heat  in  a  conducting  solid  is  exactly  analogous  to  the 
problem  of  the  electrostatic  field  in  an  insulating  medium. 
The  lines  of  flow  in  ihc  heat  problem  are  coincident 
with  the  lines  of  force  iq  the  corresponding  electrostatic 
problem. 

It  follows  at  once  from  his  reasoning  that  if  V?  be  the 
quantity  of  heat  flowing  per  second  fron.  a  bodv  at  a  tem- 
perature 9,  embedded  in  an  infinite  medlu»^  of  conduc- 
tivity *,  the  boundary  of  the  medium  bcinn  at  jr^ro 
temperature,  then,  when  the  flow  is  steady,  Q/e=:  a  con- 
stant ^  the  thermal  conductance  of  the  medium  =(4  tr/\)kC, 
where  C  is  the  electrostatic  capacity  of  a  conductor  placed 
in  a  medium  of  inductivity  X. 

Similarly  we  may  show  that  if  K  be  the  electric  resist- 
ance between  an  excellently  conducting  solid,  placed  in  a 
medium  of  volume  resistivity  p,  and  the  boundary  of  the 
medium,  then  RC  ^p  ^l^ir.  Hence  from  the  mathematicai 
point  of  view  the  problems  of  thermal  conductance,  elec- 
trostatic capacity,  and  electric  resistance  arc  the  same. 

It  is  shown  in  Appendix  2  that  if  S  be  the  surface  of  » 
conductor,  then  in  very  many  cases  we  have  to  a  high 
degree  of  approximation  that  its  capacity  C  is  given  bj 

C=(S/4,r)*. 

Hence  by  Thomson's  an.alogy  this  formula  also  helps  us 
to  study  how  the  resistance  of  the  "  earth  "  of  an  earthed 
conductor  v.aries  with  the  shape  of  the  conductor  which  is 
in  contact  with  the  ground.  It  also  shows  how  the  thermal 
conductance  of  a  medium  varies  with  the  shape  of  a  hot 
conductor  embedded  in  it. 

It  readily  follows  from  Thomson's  paper  that  the  thermaJ 
conductance  between  two  isothermal  surfaces  at  tempera- 
tures e,  and  0„  i.e.  Ql{e,  —  6,),  equals  f4  ir/X)*  C,  where  C 
is  the  "capacity  between  the  two  surfaces"  in  the  corre- 
sponding electrostatic  problem.  This  is  the  "  capacity  " 
which  electrical  engineers  use.  Looked  at  from  this  point 
of  view  it  will  be  seen  that  the  conceptions  of  th» 
"  capacity "  of  a  body  and  the  "  capacity  betw»^"  two 
bodies"  are  really  the  same.  The  capacity  "^^  conductor 
is  the  cap.acity  between  its  bdund.ary.  which  is  an  equi- 
potential  surf.ace,  and  the  equipoiciilial  surface  of  zero 
potential. 

In  this  paper  Thomson  gives  a  clear  statement  of  (.Jrcen'ii 
theorem,  which  he  like  Gauss,  Sturm,  and  Chaslcs  had 
independently  discovered. 

3.  CAMnRinoK. 

In  1843,  William  Thomson  rowed  in  the  M.iy  laces  »( 
Cambridge,  first  as  No.  7  .and  then  as  bow.  and  was 
largely  instrumental  in  preventing  the  Cains  boat,  which 
had  a  great  reputation,  from  bumping  l'etcrh"use.  Six 
months  later  he  won  the  Colqiihoun  sculls,  'n  these  days 
the  racing  boats  had  thole  pins  and  wcr«  old-fashioned. 
Hence  the  experience  he  g.iined  in  th«  siinitner  holidays 
boating  on  the  Kiith  of  Clyde  stood  him  in  good  stead.     It 
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is  related  that  at  the  end  of  the  race  for  the  silver  sculls  he 
was  very  exhausted,  having  done  very  little  training  for  it. 

In  1845,  he  was  second  wrangler  and  first  Smith's  prize- 
man. He  therefore  felt  that  he  was  free  to  devote  himself 
whole-heartedly  to  investigating  physical  problems  with 
the  help  of  mathematics.  He  specially  studied  the  problem 
of  the  distribution  of  electricity  on  two  spherical  con- 
ductors when  near  one  another.  Poisson  as  early  as  1812 
had  obtained  the  complete  mathematical  solution  of  this 
problem,  but  his  solution  was  not  adapted  to  numerical 
computation.  Sir  William  Snow  Harris  in  a  paper  pub- 
lished in  the  Philosophical  Transactions  for  1834  describes 
very  careful  experiments  he  had  made  to  measure  the 
attractions  between  spherical  conductors.  His  results 
seemed  to  throw  doubt  on  the  accuracy  of  Coulomb's 
law.  He  found,  for  instance,  that  when  two  equal 
spherical  conductors  had  unequal  charges  of  the  same 
sign,  then  if  they  were  initially  far  apart  they  repelled  one 
another,  but  if  they  were  close  together  initially  they 
attracted  one  another.  When  very  close  together  a  spark 
passed  from  one  to  the  other  and  repulsion  again  ensued. 
At  a  certain  distance  apart  they  were  in  neutral  equi- 
librium provided  that  the  charges  were  of  the  same  sign 
and  unequal  in  magnitude  (see  Appendix  3). 

4.  Electric  Images. 

Thomson  therefore  attacked  the  problem  of  calculating 
the  mutual  attractions  and  repulsions  of  the  two  electrified 
conductors,  and  obtained  a  complete  solution  from  which 
numerical  values  could  be  found  without  very  much  diffi- 
culty. In  obtaining  this  solution  he  used  the  method 
of  "  electric  images  "  with  which  his  name  will  always  be 
associated.  He  shows  that  if  we  have  two  conducting 
spheres  with  given  electric  charges  the  field  round  the 
conductors  can  be  exactly  reproduced  by  an  infinite  series 
of  point  charges  placed  at  certain  definite  points  inside 
the  two  spheres  and  on  the  line  joining  their  centres. 
This  method  is  useful  in  the  theories  of  heat,  hydro- 
dynamics, sound,  etc.,  and  also  in  pure  mathematics. 
Robert  Murphy  (see  Appendix  4)  had  previously  sug- 
gested in  his  book  on  "  Electricity,"  published  in  1833, 
how  an  approximate  solution  could  be  obtained  by  a 
method  which  he  called  the  "  method  of  successive  in- 
fluences." Thomson  refers  to  this  method  and  shows 
that  the  effects  of  the  successive  induced  charges  can 
be  produced  by  means  of  image  charges. 

Thomson  proved  that  the  behaviour  of  electrified  con- 
ductors as  described  by  Snow  Harris  was  in  exact 
accordance  with  theoretical  deductions  from  Coulomb's 
law.  He  also  criticized,  mistakenly  in  the  author's 
opinion,  certain  of  Snow  Harris's  experimental  results. 
Although  Snow  Harris  was  certain  that  his  experimental 
results  were  accurate  he  was  most  impressed  by  the 
ability  of  the  young  Scottish  mathematician. 

It  was  not,  however,  until  1853  that  Thomson  published 
the  solution  of  the  problem  and  gave  a  table  and  formulae 
by  means  of  which  the  attractions,  capacities  and  neutral 
distances  of  the  two  spheres  can  be  easily  and  accurately 
found,  provided  that  they  are  not  too  close  together. 
When  a  very  young  man,  Thomson  published  the  solutions 
of  several  important  problems  without,  however,  publish- 
ing  the   methods    by  which   they   were   obtained.      For 


instance,  in  a  letter  to  Liouville  in  1846  he  gives  the 
solution  of  the  problem  of  the  distribution  of  electricity 
on  a  spherical  bowl— one  of  his  greatest  achievements. 
The  method  of  solving  the  problem,  however,  was  not 
published  until  23  years  later.  During  this  period  no  other 
mathematician  had  been  able  to  supply  a  proof.  In  1881, 
however,  Norman  Macleod  Ferrers  gave  a  proof  by 
another  method. 

It  is  highly  probable  that  Donald  Macfarlane,  Thomson's 
assistant,  worked  out  most  of  the  numerical  calculations  in 
the  paper  discussing  the  attractions  and  repulsions  of 
spheres.  Thirty-three  years  later,  Kirchhoff  checked  some 
of  the  calcul.itions,  and  the  author  checked  them  all  by 
means  of  simplified  formuhe  in  1909.  The  result  reflects 
the  greatest  credit  on  the  accuracy  of  Macfarlane's  work. 

If  the  potentials  of  the  two  equal  spheres  are  v  and  —  v 
respectively,  and  if  F  be  the  attraction  between  them,  it 
can  be  proved  b}'  Coulomb's  law  that 

¥  =  a(alcYv^       (i) 

where  a  is  the  radius  of  either  sphere,  c  the  distance 
between  their  centres,  and  a  a  number  that  depends  only 
on  the  value  of  ajc.  Values  of  a  are  given  in  the 
Journal  I.E.E.,  1912,  vol.  48,  p.  265.  In  (i),  F  is  in  dynes, 
and  V  is  measured  in  absolute  electrostatic  units. 

For  instance,  if  c  is  3  and  a  is  i,  we  have,  on  the 
assumption  that  the  dielectric  coefficient  of  air  is  unity, 

F  ^  03 178  v"  dyne  nearly, 

where   v  is  in   electrostatic   units.     Assuming   Maxwell's 

theory    and     knowing     that     the     velocity    of     light    is 

3  X  lo'"  cm.     per    second,     we     find    that    the    unit     of 

electrostatic  pressure  is  300  volts.     Hence  if  the  potentials 

in  volts  of  the  two  spheres  be  V  and  —  V  respectively,  we 

have 

F  =  000000353 1  V'  dyne. 

For  example,  if  V=  15,000  volts,  we  have 

F  =  794"S  dynes  =  0^8097  gramme  weight. 
Conversely,  by  weighing  the  attraction  F  between  the 
spheres  we  can  readily  find  the  voltage  2  V  between  them. 
This  method  can  easily  be  applied  to  measure  the  voltage 
of  high-pressure  transformers.  It  is  to  be  noticed  that  the 
voltage  is  completely  determined  when  the  dimensions  of 
the  spheres  and  the  force  of  attraction  between  them  are 
given.  In  standardizing  a  voltmeter  of  this  kind  no 
electrical  measurements  are  necessary.  The  spheres, 
however,  must  not  be  too  near  to  one  another  otherwise 
a  spark  will  pass  between  them. 


In  the  fourth  Kelvin  lecture.  Dr.  Glazebrook  has  given 
us  the  history  of  the  absolute  units,  beginning  with  the 
appointment  of  the  Electrical  Standards  Committee  of 
the  British  Association  in  1861.  But  10  years  before  this 
Thomson  had  found  that  all  the  effects  of  electromagnetic 
and  electrodynamic  induction  could  be  explained  by  the 
principle  of  the  Conservation  of  Energy— a  principle  first 
clearly  enunciated  by  George  Green  (see  Appendix  5).  In 
the  Philosophical  Magazine  for  December  1851  appeared 
Thomson's  remarkable  paper  on  the  "Applications  of  the 
Principle  of  Mechanical  Effect  to  the  Measurement  of 
Electromotive  Forces  and  of  Galvanic  Resistance  in 
Absolute  Units."     Since  the  E.M.F.  of  the  electrochemical 
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action  in  a  cell  equals  the  dynamical  equivalent  of  the 
whole  chemical  change  effected  by  a  current  of  unit 
strength  in  a  second,  the  E.M.F.  of  a  Danicll  cell  can  be 
calculated  (i)  on  the  assumption  that  the  whole  chemical 
action  is  electrically  efficient,  or  (2)  on  the  assumption  that 
onlv  the  oxidation  or  dcoxulation  of  the  metals  is  electri- 
cally efficient.  The  true  value  of  the  electromotive  force 
we  now  know  to  be  about  107  volts.  M.iking  the  first 
a^^iimption  Thomson  obtains  2.570,300  foot-grain-sccond 
units,  that  is,  rioi  volts  as  the  K.M.K.  of  a  Uaniell  cell, 
and  on  the  second  he  gets  0-995  ^'o''-  He  also  found  that 
Joule's  experimental  results  made  the  value  f074  volts.  ; 
Although  his  theory  is  not  rigorous  the  results  obtained  are  | 
wonderfully  accurate.  j 

In  this  paper  Thomson  points  out  that  if  H  be  the  heat 
developed  in  a  wire  and  J  be  Joules'  equivalent  we  have 
J  H  =  EI,  and  therefore,  by  Ohm's  law,  ]  H  =  R  1'.  Hence 
since  J  and  H  arc  known  and  I  can  be  measured  at  once, 
in  absolute  units  (by  a  tangent  galvanometer  for  instance), 
R  is  found  and  therefore  also  E.  The  values  of  the 
C.G.S.  units  of  current,  resistance,  and  electromotive 
force  can  thus  be  found.  It  is  obviously  of  the  greatest 
importance  that  all  experimenters  should  use  the  same 
units.  Previous  to  Thomson's  paper  they  could  only  be 
expressed  in  terms  of  apparatus,  cells,  and  wires  in  the 
po-^ession  of  the  observers.  In  many  cases,  therefore,  it 
was  impossible  to  compare  their  results.  The  idea  of 
measuring  resistance  in  absolute  units  was  due  to  \V. 
Weber,  and  Kirchhoff  made  the  first  determination  in  1849. 
Thomson  was  the  first,  however,  to  show  how  the  funda- 
mental electric  units  could  be  determined  from  the 
principle  of  energy. 

Thomson  defines  the  volume  resistivity  p  and  the  mass 
resistivity  p  of  the  copper  forming  a  wire  by  the  equations 

R  =  p(//A)    and     R=p' (/•/>") 

where  R  is  the  absolute  resistance  of  the  wire,  /  its  length, 
and  m  its  mass.  He  then  compares  the  resistivity  of  the 
used  bv  Jacobi,  Kirchhoff,  Weber,  and  Joule,  the 
.  -  being  given  in  foot-grain-second  units.  At  this  date 
It  will  be  seen  that  Thomson  had  very  clear  views  about 
the  electric.1l  units,  and  the  work  of  the  British  Association 
Committee  of  which  he  was  one  of  the  original  members 
was  to  make  standards  for  these  units,  a  task  which 
prcMrntcd  many  difficulties  until  accurate  methods  of 
measuring  were  invented. 

Thomson  was  a  severe  critic  of  Weber's  theory  that  an 
ckctric  current  consists  of  the  motion  of  particles  of  two 
ki':'i-  '-f  electricity  moving  in  opposite  directions.     Weber 
it  the  forces  exerted  by  these  particles  on  other 
i  1  electricity  when  in  reLitive  motion  are  different 

from  those  they  would  exert  when  at  relative  rest. 
Thomson  points  out  that  Weber's  assumptions  are  quite 
unwarrantable.  As  his  conclusions  also  arc  inconsistent 
with  the  Conservation  of  Energy  they  must  be  wrong. 

6.  Electric  Oscillations. 

'"  '''S3i  Thomv>n  re.vl  an  epoch-making  p.ipcr  on  the 
"0«<:illalory  Hmcliarge  of  a  I^ydcn  J;ir "  to  the  Cilasgow 
'  Vxricly.     Six    year^   previously,    Helmholtz 

'  '  :    a   puzzling   phenomenon   he  had    noticed 

filteii  J  »tccl  knitting-needle  wai  magnctixcd  by  the  dis- 


charge  current  from  a  Leydcn  jar.  In  some  cases  the 
needle  was  left  magnetized  with  the  north  pole  at  one  end. 
and  sometimes  with  the  north  pole  at  the  other.  If  the 
discharge  were  oscillatory  this  would  explain  these  results. 
Thomson  proved  mathematically  that  this  was  true  in 
certain  cases  and  obtained  a  formula  by  means  of  which 
the  rapidity  of  the  oscillations  can  be  computed.  He  sug- 
gested also  that  an  experimental  ycrilication  of  this  might 
be  obtained  by  means  of  Wheatstone's  revolving  mirror. 
Fedderscn  did  this  in  1859.  The  invention  of  the  oscillo- 
graph has  en.ibled  us  to  study  these  disch.vge  currents  in 
detail  and  prove  that  Thomson's  theory  is  very  approxi- 
mately correct.  The  great  practiciil  importance  of  this 
paper  lies  in  the  fact  that  it  led  many  physicists  to  study 
the  problems  of  oscillatory  discharge  most  carefully,  and 
wireless  telegraphy  was  the  direct  although  unexpected 
outcome  of  their  labours.  It  has  to  be  remcnibcred,  how- 
ever, that  Thomsons  theory  is  not  complete.  Of  the  energy 
originally  stored  in  the  jar  we  know  that  some  is  radiated 
into  space.  In  many  cases  this  amount  is  negligibly  small 
and  Thomson's  theory  is  directly  applicable.  But  he  did 
not  show  how  the  radiated  energj'  could  be  taken  int* 
account  or  state  the  limitations  of  his  formula;. 

7.  Peristaltic  Induction. 

In  the  Proceedings  of  the  Royal  Society  for  May  1856, 
Thomson  published  a  paper  on  the  "  peristaltic  induction  " 
of  electric  currents.  The  phenomena  observed  when  test- 
ing submarine  cables  proved  to  him  that  the  capacity 
effects  between  a  wire  and  the  sheath,  or  between  neigh- 
bouring wires,  were  most  important.  In  this  paper  he 
neglects  the  effect  of  electromagnetic  induction  as  this  is 
permissible  for  slow  signals.  Thomson  had  very  clear 
views  about  the  electrostatic  coefficients  of  neiglibouring 
conductors.  His  work  on  the  forces  between  electrified 
spheres  proves  this.  He  saw  that  when  we  have  several 
wires  in  a  cable  and  they  have  static  charges  the  potential 
of  each  wire  can  be  found  by  means  of  these  coefficients. 
This  is  still  true  when  the  charges  are  in  motion.  "  They 
present  a  very  perfect  analogy  with  the  mutual  influenco^ 
of  a  number  of  elastic  tubes  bound  together  laterally  .  .  . 
and  surrounded  and  filled  by  a  liquid  which  is  forced 
through  one  or  more  of  them."  Borrowing  a  medical 
term  he  called  this  "peristaltic"  induction.  As  the  elec- 
tricity was  in  motion  it  seemed  to  him  illogical  to  talk 
about  "  electrostatic  induction." 

In   the   case   of   a   submarine   cable    with   three    wiro^ 
symmetrically  placed  inside  it,  we  have 

^=A.  ?. +  ^.(?.+  <}^\ 

^  =  /•M9. +  A.(Vi  +  v.). 

and  <•,  =  /■„  Vi +  /'..('/.  +  '? A 

where  e,  is  the  potential  of  No.  1  wire  at  the  point  whose 
abscissa  is  x,  q„  7,  and  g,  the  charges  on  the  three  wire* 
per  unit  length  at  this  distance  from  the  origin,  and  ^„ 
and  />,.  the  coefficients  of  |>otcntial. 

Neglecting   electromagnetic    induction,    which    is   por- 
inissible  in  slow  signalling,  we  have 


'-{'■*Vi>' 


j  =  I  i  I  .1,, 


that  i». 


—  •      =  ri,, 

i  r 
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where  r  is  the    resistance  per  unit  length  of  any-  of  the 
wires.     We  also  have 


and  so 

Hence  we  see  that 

it  ~ 


'  r'dx' 


and  two  similar  equations. 

Therefore,  writing  9  =  ?,  +  ?, +  5j,  ff,  =  29,  —  5,  —  ^.  .  .  . 
we  get 


and 


/       \  r        rj-dx^ 


where  <r  stands  for  a,,  n^,  or  0-3.  The  solutions  of  these 
equations  were  given  by  Fourier  and  are  well  known. 
Hence  since  q,  =  \  (9+(T,),  q,  =  \{q^<'^,  and  q^  =  \{q^<,^, 
the  problem  can  be  completely  solved  when  the  initial 
conditions  are  given.  In  a  similar  way  Thomson  shows 
how  the  solution  for  a  two-wire,  a  four-wire,  and  a  six- 
wire  submarine  cable  can  be  found. 

It  will  be  noticed  that  the  solutions  of  these  problems 
are  also  the  solutions  of  three-phase,  single-phase,  two- 
phase,  and  six-phase  power-transmission  systems.  He  left 
out  of  account  the  leakage  conductance  and  the  electro 
magnetic  coefficients.  But  for  a  first  solution  of  the 
problem  it  is  wonderfully  complete.  The  values  of  /■„, 
/>„  may  be  difficult  to  calculate,  but  they  can  be  measured 
«xperimentally  with  the  greatest  ease. 

Thomson's  equations  can  easily  be  made  rigorous  and 
give  the  complete  solution  of  the  electric  transmission  of 
power  in  a  polyphase  system.  Let  us  take  for  instance 
the  case  of  a  symmetrical  three-phase  system.  Let  s  be 
the  leakage  conductance  per  unit  length  of  any  one  of  the 
mains,  and  let  *„  and  A,,  be  their  self  and  mutual  capacity 
coefficients  per  unit  length.     Then  we  get 


Reciprocating  this  equation  we  get 


^ci- 


-  37r  =  '-'■  +  '■■  37 +'-=ri(''  +  ''^ 

where  /„  and  /„  are  the  self  and  mutual  inductance  co- 
•fficients  per  unit  length. 

Since  the  system  is  symmetrical  we  have  i,  -}-  /^  -}-  i^  =  o, 
and  f ,  -|-  e,  -I-  fj  ^  o.     Thus 


and 


''  '•  ■      ,     /I  I    ^  5  I, 


The  solutions  of  these  equations  are  well  known.* 

*  A.  Russell  :  ■•  Alternating  Currents,"  voL  3,  chap.  20,  and  Ed. 


The  point  to  be  noticed  is  that  these  equations  are  only 
a  slight  extension  of  the  equations  Thomson  solved  in 
1851.  His  thorough  mastery  of  the  problem  of  the  elec- 
trostatic induction  between  two  spheres  had  given  him 
absolute  faith  in  his  electrostatic  coefficients.  We  have 
shown  above  how  easily  his  method  can  be  expanded  so 
as  to  take  leakance  and  electromagnetic  induction  into 
account.  The  solution  of  the  equations  although  laborious 
presents  no  difficulty  to  the  mathematician. 

8.  Atlantic  Cable. 

The  first  attempt  to  lay  a  cable  across  the  Atlantic  was 
made  in  1857.  It  broke  in  2,000  fathoms  of  water  330 
miles  west  of  Valentia.  In  1858  it  was  decided  that  the 
U.S.  frigate  "  Niagara  "  and  H.M.S.  "  Agamemnon  "  should 
steam  in  opposite  directions  each  with  half  the  cable  on 
board  and  splice  it  in  mid-ocean.  Professor  Thomson  acted 
as  engineer  in  charge  of  the  electrical  testing  on  broad  the 
"Agamemnon."  After  many  mishaps  the  cable  was  safely 
laid  on  the  6th  August,  1858,  and  some  messages  were 
sent.  On  the  6th  September  of  this  year  messages  ceased 
to  pass  and  Thomson  and  the  other  engineers  were  ap- 
pointed to  report  on  the  cause  of  the  breakdown.  In 
experimenting  with  the  cable  from  the  Valentia  end, 
Thomson  found  that  it  acted  in  the  same  way  as  if  it  were 
an  insulated  capper  conductor  270  miles  long  with  its  end 
connected  with  a  copper  plate  sunk  at  this  distance  in  the 
Atlantic.  He  took  the  opportunity  of  investigating  the 
earth  currents  in  it.  He  proved  that  electromagnetic 
induction  due  to  the  diurnal  variations  of  terrestrial  mag- 
netism was  a  prominent  cause,  but  he  failed  to  trace  the 
other  disturbing  cause  or  causes.  A  day  seldom  passed 
without  the  direction  of  the  earth  current  changing  several 
times.  So  far  as  he  was  able  to  see,  however,  there  was 
no  connection  between  the  times  of  reversal  of  current 
and  the  solar  hours. 

In  1865  and  1866  Thomson  acted  as  electrical  engineer 
during  the  laying  of  the  second  and  third  Atlantic  cables. 
He  also  acted  as  consulting  engineer  for  various  cable 
companies. 

The  troubles  experienced  with  the  1858  cable  led  Thom- 
son to  invent  the  mirror  galvanometer.  The  "  ironclad  " 
mirror  galvanometer  used  with  this  cable  is  kept  with 
other  historical  apparatus  in  the  laboratory  at  Glasgow 
University.  This  was  replaced  by  the  spark  recorder  and 
finally  by  the  siphon  recorder.  The  arrangement  of  the 
suspended  coil  and  magnets  in  this  latter  device  is  the 
same  as  in  ordinary  moving-coil  galvanometers.  Thomson 
was  at  this  time  a  member  of  the  firm  of  Thomson,  Varley, 
and  Jenkin,  consulting  engineers,  which  is  well  remem- 
bered by  our  older  readers. 

9.  Sparking  Distances. 

In  i860,  Thomson  read  a  paper  to  the  Royal  Society  on 
the  "  Measurement  of  the  Electromotive  Force  required  to 
produce  a  Spark  in  Air  between  Parallel  Metal  Plates  at 
Different  Distances."  He  used  his  absolute  electrometer 
to  measure  the  voltage,  and  was  very  surprised  to  find  that 
the  potential  gradient  required  to  break  down  a  very  thin 
stratum  of  air  was  greater  than  that  required  to  break 
down  a  thicker  stratum.  He  saw,  however,  that  when  the 
disruptive   voltage  exceeded   several   thousand   volts    the 
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potential  gradients  at  which  the  discharge  occurred  were 
practically  constant. 

It  is  interesting  to  remember  that  these  experiments  1 
were  carried  out  in  the  cellars  and  laboratories  of  the  Old  | 
Glasgow  College  practically  next  door  to  the  workshop  in 
which  James  Watt  invented  the  condensing  steam  engine. 
Few  appreciate  the  difficulties  that  had  to  t>e  overcome  in 
cquippmg  a  research  lal>oratory  in  these  early  days.  His 
assistants,  also,  were  willing  but  untrained  students.  John 
Kerr  (Appendix  6),  the  great  physicist,  used  often  to  tell 
how  he  did  research  work  from  1846  to  1849  in  the  "  coal 
hole  ■■  in  which  Thomson  had  set  up  the  first  physical 
laboratory  in  Great  Britain.  Kerr  was  then  a  divinity 
student.  In  later  years  he  used  sometimes  to  come  to 
Thomson's  senior  class.  In  1882  the  author  remembers 
Thomson  gracefully  introducing  him  to  the  rest  of  the 
class  as  one  of  his  most  distinguished  old  pupils. 

Thomson's  paper  on  sparking  distances  was  the  first  of 
the  long  series  of  papers  on  this  subject  which  have  been 
published  by  physicists  in  almost  every  country.  The 
electrodes  generally  employed  are  spherical.  The  results 
prove  that  the  voltage  at  which  the  disruptive  discharge 
occurs,  or  at  which  a  corona  first  appears,  depends  on  the 
maximum  value  R«^.  of  the  potential  gradient,  provided 
that  the  electrodes  are  farther  apart  than  about  one-tenth 
of  an  inch. 

If  the  electrodes  are  spheres  of  radius  a  at  a  distance 
Tcra.  apart,  and  if  the  potentials  of  the  electrodes  at  the 
instant  of  the  discharge  are  E/2  and  — E/2  respectively, 
we  have,  approximately, 


^='^'^7!--^;^l^-)l 


kilovolts. 


where  f^  y9- ^ii'73  +  O-  *  being  the  height  of  the 
barometer  in  centimetres,  /  the  temperature  Centigrade 
and  the  values  of  /  arc  git'en  in  the  Journal  I.E.E.,  1908, 
vol.  40,  p.  9. 

For  example,  if  A  =  76  cm.  and  /=25''C.,  then  /■  =  !. 
Hence  if  the  radius  of  each  of  the  spheres  be  1  cm.  the 
sparking  voltage  when  x  is  Jem.  is  18  kilovolts,  and  when 
X  is  I  cm.  is  31  kilovolts.  A  full  discussion  of  this  formula 
and  its  hmitations  is  given  by  F.  \V.  Peek  in  the  Tramac- 
lions  of  the  American  Institute  of  Electrical  Engineers, 
1914,  vol.  33,  p.  923. 

In  the  important  case,  from  the  engineering  point  of 
view,  of  overhead  cylindrical  wires  the  volLige  at  which 
the  corona  or  brush  discharge  appears  can  easily  be  calcu- 
lated. From  the  experiments  of  J.  B.  Whitehead  and 
F.  W.  I'eek  it  follows  tliat  if  we  have  two  parallel  cylindri- 
cal wires  each  of  radius  a,  and  if  the  distance  between 
their  axes  l>e  (,  the  voltage  E  at  which  the  corona  appears 
is  given  by 

K  =  2. log.  "  +  <''-'»-l^l. |'-^iL«l»  1^(30  .^-'L-,)' 
^'  2a  I    ic  +  aal    W    ^y/(pa))\ 

»cry  approximately. 

F.  W.  I'eek  has  shown  that  the  corona  loss  1'  in  watts 
per  mile  of  Mngle  main  is  given  by 

I'=ooj4/(E-E.)'. 

»'  •in  kilovolts  between  the 

ni'  pressure  when  the  corona 

hr»t  appear*      Aii>  roughncst  on  the  »urface  of  the  wires 


naturally  lowers  the  value  of  E,.  When  the  corona 
appears  with  continuous-current  supply,  the  negative 
vrire  is  covered  with  reddish  tufts  and  the  positive  wire 
is  surrounded  by  a  bluish  white  glow  having  a  needle- 
like fringe  and  interspersed  with  reddish  tufts  of  light. 

10.  Vortices. 

The  motion  of  a  whirlpool  or  a  whirlwind  is  an  example 
of  a  simple  vortical  column  with  two  ends.  A  smoke  ring 
is  an  example  of  a  circular  vortex  closed  on  itself.  The 
analogN-  between  the  motion  of  vortex  rings  in  a  liquid  or 
gas  and  the  magnetic  forces  due  to  an  electric  current 
flowing  in  a  ring  or  to  the  magnetic  forces  due  to  a  small 
magnet  was  perceived  by  Thomson  as  early  as  1850.  But 
it  was  not  until  Hclmholtz  published  in  1858  his  classical 
paper  on  the  dynamical  laws  of  vortex  motion  that  Thomson 
fully  appreciated  this  analogy.  Mathematically  speaking, 
the  problem  of  finding  the  velocity  at  any  point  of  an 
incompressible  fluid  near  a  vortex  filament  is  the  same  as 
that  of  finding  the  magnetic  force  near  a  filament  carrying 
an  electric  current.  The  strength  m  of  the  vortex  corre- 
sponds to  the  strength  i  of  the  current,  and  the  fluid 
velocity  corresponds  to  the  magnetic  force.  If  r  t>e  the 
radius  of  the  cross-section  of  a  vortex  ring  and  «/  be  the 
angular  velocity  of  points  on  the  ring  round  the  circular 
axis,  the  strength  m  of  the  vortex  is  jrr'ti.  In  the  elec- 
trical problem  the  magnetic  force  tangential  to  the  ring 
is  2  j/r,  and  in  the  hydrodynamical  problem  the  corre- 
sponding velocity  is  w  r.  Hence  to  convert  the  formulje 
for  the  magnetic  force  at  a  point  into  the  corresponding 
formulae  for  the  fluid  velocity  at  that  point  we  must 
multiply  by  w  r*/(2  1),  that  is,  by  m/(2irj). 

The  magnetic  force  at  any  point  in  the  neighbourhood 
of  a  circular  electric  current  can  be  written  down  easily 
in  terms  of  elliptic  functions.*  Hence  the  velocity  at  a 
point  P  in  a  fluid  near  a  vortex  ring  can  be  found  at  once. 
For  instance,  the  velocity  of  the  fluid  at  the  centre  of 
the  vortex  ring  is  (2irila){ml2-r  i).  that  is,  ma  where  a  is 
the  radius  of  the  axis  of  the  ring.  It  also  follows  from  the 
geometrical  construction  for  the  magnetic  force  (loc.  at. 
ante)  that  points  on  the  surface  of  the  ring  have  a  velocity 
m/ir  r,  that  is,  w  r  about  the  circular  axis  and  a  linear  velocity 
w  in  the  direction  of  the  axis  where 


-.:.('«^v-) 


In  an  Appendix  to  P.  G.  Tail's  translation  of  Helmholti's 
Memoir  on  Vortex  Motion  (Philoiof^htcal  Maaazine,  1867, 
vol.  33,  p.  511)  Thomson  gives  without  proof  that 


=,:.,K';-i) 


This  is  also  the  value  given  in  Iamb's  '•  Hydrodynamics." 

If  T,  be  the  kinetic  energy  of  the  moving  fluid  and  R 
the  resultant  magnetic  force  at  a  point  3  v  in  the  electrical 
problem,  we  have 

T.  =  J  p  1:  (u-  +  W-]  ?  r  =  g'' ™|,  I  ( X'  -1-  Z')  5  V. 

where  p  is  the  density  of  the  fluid,  u  and  u'  the  component 
velocities  at  right  angles  and  parallel   to  the  axis  of  the 

*  A    KessKLL     ••  Allcrniiling  Current,"  vol.  1.  p.  9«.  »od  Ed. 


RUSSELL  :   THE    EIGHTH    KELVIN    LECTURE. 


filament  respectively,  and  X  and  Z  are  the  corresponding 
component  magnetic  forces.     Hence 

JT )'      /    I    \8  TT/  2  TT 

where  L,  (J  i')  is  the  energy  due  to  the  hnkages  of  the  lines 
of  induction  with  the  whole  of  the  current.     Hence 

T,  =  2  p  wi' a  [log  (8  a/r — 2]. 

Let  us  now  suppose  that  the  core  of  the  vorte.\  ring  is 
solid  so  that  the  angular  velocity  of  every  point  in  it  round 
the  circular  axis  is  constant.  This  corresponds  to  assuming 
that  the  current  density  over  the  cross-section  of  tlie  ring 
in  the  corresponding  electrical  problem  is  constant.  If 
we  also  suppose  that  the  density  of  the  core  is  the  same  as 
that  of  the  fluid,  the  kinetic  energy  T,  of  the  core  will  be 
given  by 


'1\  =  ^p  TT  r' : 


ih 


^  +  w\ 


:=^pm'a  +  small  terms. 

Hence  we  get  for  the  total  kinetic  energy  T  of  the  vortex 
ring  and  of  the  moving  fluid  in  its  neighbourhood 

T  =  T,  +  T,  =  2pm'a\  log  (8  a/r)  —  175 }  =  (p  m'U  tt)  L, 

where  L  is  the  self-inductance  of  the  circular  current. 
This  agrees  with  the  formula  given  in  Lamb's  "  Hydro- 
dynamics" (3rd  Ed.,  p.  227). 

The  ultimate  nature  of  matter  was  a  problem  which 
strongly  attracted  Thomson,  and  he  made  many  specula- 
tions concerning  it.  In  his  class  he  taught  the  atomic 
theory  of  gases,  but  he  regarded  the  infinitely  rigid  atom 
of  Lucretius  as  a  monstrous  and  totally  untenable  assump- 
tion. Stokes's  theory  explaining  the  phenomena  of  spectrum 
analysis  requires  that  the  ultimate  molecules  which  form 
a  body  must  have  one  or  more  periods  of  vibration.  To 
assume  sach  a  property  in  the  Lucretian  atom  is  to  give  it 
that  very  flexibility  and  elasticity  which  it  is  supposed  to 
explain.  Now  vortices  once  started  in  a  perfect  fluid  will 
exist  for  ever.  They  have  perfectly  definite  periods  of 
vibration,  and  their  period  is  the  same  now  as  when  they 
were  created.  May  not  the  constitution  of  matter  be 
explained  by  a  vortex  atom  theory  ?  One  of  his  suggestions 
was  that  the  sodium  atom  might  consist  of  two  vortex 
atoms  looped  together  like  links  in  a  chain.  Ultimately, 
however,  the  theory  became  so  complex  that  he  was 
reluctantly  compelled  to  abandon  it. 

II.  The  Diffusion  of  He.\t. 

In  the  session  1881-82,  Sir  William  Thomson  lectured  to 
his  senior  mathematical  class  on  the  theory  of  the  con- 
duction of  heat.  He  discussed  Fourier's  theorem,  the 
equations  to  the  flow  of  heat,  the  method  of  images,  the 
propagation  of  summer  heat  downwards  into  the  earth, 
and  the  diffusion  of  heat.  As  there  were  many  demands 
made  on  the  professor's  time  at  this  period,  one  or  two  of 
the  lectures  he  gave  us  were  unfinished.  In  particular  the 
lecture  on  the  "  rate  of  diffusion  "  seems  to  have  ended 
somewhat  abruptly.  As  the  problem  is  of  great  physical 
interest,  it  will  be  useful  to  give  a  brief  abstract  of  the 
lecture  and  carry  the  theory  a  little  further  than  Thomson 
did. 


If  we  suppose  that  a  quantity  q  of  heat  is  communicated 
to  a  point  O  in  an  infinite  homogeneous  solid,  initially 
at  the  temperature  zero,  then  the  temperature  9  at  any 
point  distant  r  from  O,  at  the  time  /,  was  proved  by 
Fourier  to  be  given  by 


e  = 


[2^/(,r./)]3 


£-'-(4W) 


where  i-  is  the  diffusivity  of  the  medium,  i.e.  the  ratio  of 
the  conductivity  to  the  specific  heat.  For  a  given  value  of 
r,  9  has  its  maximum  value  when  /  =  ;=/{6  k).  Let  us  now 
consider  the  velocity  (5  rfi  t)  of  the  spherical  isothermal 
surface  which  at  any  instant  passes  through  all  the  points 
which  have  their  maximum  temperature  at  this  instant. 
The  velocity  of  this  surface  is  {i'5  k//)*.  We  may  therefore 
say,  as  Thomson  did,  that  the  rate  of  the  diffusion  varies 
directly  as  the  square  root  of  the  diffusivity  and  inversely 
as  the  square  root  of  the  time.  In  the  case  of  material 
diffusion  the  surface  Thomson  chose  as  specifying  the  rate 
of  the  diffusion  is  the  surface  which  brings  to  each  point 
its  maximum  density.  He  pointed  out  that  the  error 
function  was  most  useful  when  discussing  these  problems, 
and  he  set  the  class  the  problem  of  finding  the  envelope 
of  the  curves  connecting  9  and  r  by  eliminating  the 
variable  parameter  /.  The  result,  we  were  told,  is  the  curve 
of  maximum  temperature. 

Instead  of  considering  the  motion  of  the  surface,  which 
brings  to  each  point  its  maximum  temperature,  we  might 
consider  the  surface  which  passes  through  the  points 
where  the  flow  of  heat  is  a  maximum.  If  F  denote  the 
flow  of  heat,  we  have 


-r-iu  «  0. 


If  /  is  constant  F  has  its  maximum  value  when 
r==:6«:^that  is,  /=r=/6«:.  Hence  at  any  given  instant 
the  flow  is  greatest  across  the  isothermal  surface  passing 
through  the  points  which  attain  their  maximum  tempera- 
tures at  this  instant. 

If,  however,  we  suppose  that  r  is  a  constant  the  flow 
attains  its  maximum  value  when  /  ^  r=/io  k. 

Let  us  now  consider  the  fraction  of  the  total  heat  con- 
tained inside  a  sphere  of  radius  r  at  the  time  /,  the  centre 
of  the  sphere  being  at  the  origin.  If  this  quantity  of  heat 
be  a  q,  we  have 

•/J 


aq=   J4 


4  TT  /•=  9  3  r 


1±  [\ 


-'-■^.r- 


and  therefore      a  =  (2/ v/t)  erf  ((3)  —  (/S/v^tt)  f-/S=, 

where  /3^  =  r7(4  k  /)  and  erf  {ji)  is  Glaisher's  notation  for  the 
error  function.  The  values  of  (2/v/7r)  erf  (3)  are  tabulated 
in  Dale's  "  Mathematical  Tables."  We  see  at  once  from 
this  equation  that  if  /3  is  constant  a  is  constant.  It  there- 
fore follows  that  all  the  families  of  spheres  obtained  by 
giving  various  values  to  (3  include  a  constant  quantity  of 
heat,  and  any  one  of  them  might  be  taken  as  the  surface 
which  specifies  the  rate  of  the  diffusion. 

We  see,  for  instance,  that  the  spherical  isotherniaU 
surface  which  contains  about  six-tenths  (06087)  of  the- 
total  heat  moves  with  a  velocity  1-23  (k/0-  and  brings  to- 
each  point  of  the  solid  its  maximum  temperature.  The 
spherical  isothermal  surface  which  expands  \KiJ:li,  yQ.li3city 
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1*58  (c//)i  contains  about  nine-tenths  of  the  total  heat  given 
to  the  sohd,  and  the  flow  of  heat  out  of  the  fixed  spherical 
surface  with  which  it  coincides  at  any  instant  has  its 
maximum  value.  The  motion  of  either  of  these  surfaces, 
thcr  .  onvcniently  be  taken  to  define  the  rate 

01 

Tile  llicury  uuUined  above  is  more  m:ithematical  than 
physical.  The  heat  q  is  supposed  to  he  communicated  at 
a  point,  and  the  velocity  with  which  the  heat  is  com- 
municated to  distant  points  is  apparently  infinite  at  the 
bejiinning  of  the  motion.  Fourier  appreciated  the  first 
difficulty,  and  the  second  is  explained  by  Maxwell  in  his 
"Theory  of  Heat." 

The  theoi^-  can  be  made  more  applicable  to  physical 
problem*  by  considering  the  case  of  a  -.plicrc  of  the 
material  with  its  centre  at  the  origin  and  initially  at  tem- 
f>erature  »„,  the  temperature  of  the  rest  of  the  material 
being  zero.  It  is  easy  to  show  bv  means  of  the  formula 
given  by  Thomson  for  a  consl:mt  spherical  surface  source 
("Collected  Papers,"  vol.  2,  p.  45)  that  if  a  be  the  radius  of 
the  sphere,  then  9  the  temperature  at  any  point  of  the 
Aolid  at  a  distance  r  from  the  origin  at  the  time  /  is 
•given  by 


-  erf  {-~  -.)-  ->^^'  5  (-('••»-  •')/<4  w .  sinh  (a  r/2  « /)| . 
\2y/{.tl)/  r  ) 


It  readily  follows  that  9  has  its  maximum  value  when 


-T—- —  -,  =  tanh       ; 
a*-i-2c/  2c/ 


(a) 


When  a  ris  small  compared  with  ;  c  f,  we  find  as  formerly 
that  l  =  r'l[(tt). 
We  also  have 

ir 

+  (.1  r  — 2  »0 '""■"*''"*'"}  I 

where  <j  =  (4/3)  »■  a'  9^ 

Uiffercnliating  F  with  regard  to  rand  equating  to  zero 
we  get  equation  (a).  Hence  at  a  given  instant  the  flow  is 
a  maximum  across  the  points  which  are  at  the  highest 
tc-  .It  this  instant. 

isv  to  show  that 


F  = 


4  (»«'■/* 


r  "^     40  r"/'     -^  ••) 


fl 


—  io«/)t  is  sm.ill  comp.ircd  with  tt  the 
<  the  same  as  for  the  ideal   Fourier  point 


ta.  Tmi  Coolixg  Errecr  FBoni;cEn  bt  a  Covrrino. 

■  id  a   p»pcr    to  the   Royal 
f^  I    "  On    the    Krticicncy   of 

t  ,>eralurc."     f)nly    the    title 

•f-"  11  J.  T.  Bollomley  printed 

in  the  titttntian  for  19  April,  1884,  telU  u«  the  main  |H)inls 


of  the  paper.  Thomson  showed  that  if  a  body  be  below  a 
certain  size  the  effect  of  clothing  may  be  to  cool  it.  In 
particuUr  he  stated  that  for  a  globuL^r  body  if  the  radius 
be  less  than  2  kle,  where  *  is  the  conductivity  of  the 
covering  medium  and  e  the  emissivity,  the  temperature 
will  be  diminished  by  increasing  the  thickness  of  the 
covering  until  it  equals  2  kje.  It  will  then  be  increased  for 
greater  thicknesses  of  the  covering.  Thomson  knew  the 
experimental  result.  He  also  knew  that  Fourier's  assump- 
tion that  e  is  constant  is  not  legitimate.  He  therefore 
doubtless  intended  to  rewrite  the  paper.  A  more  accurate 
solution  giving  the  same  general  result  has  been  published 
by  the  author  in  the  ■Journal  I.E.E.,  191 1,  vol.  47,  p.  744. 

The  corresponding  problem  for  an  insulated  cylindrical 
wire  placed  in  a  cooling  medium  flowing  tr.insvcrsely 
against  it  with  velocity  V  is  of  importance  in  power 
transmission.  Let  a  be  the  radius  of  the  wire  and  6  the 
outer  radius  of  the  insulating  covering.  Then  if  A  be 
the  conductivity  of  the  cooling  medium,  s  its  specific  heat, 
and  a  its  density,  we  have  by  Boussinesq's  formula 


'=wc^'y 


If  *,  be  the  conductivity  of  the  covering.  9,  the  temper.ature 
of  the  wire,  9,  the  temperature  of  the  outside  of  the 
covering,  we  have 


9,  —  8.  = 


2rk,  °"a' 


where  H  is  the  total  quantity  of  heat  emitted  per  unit 
length  of  the  wire  per  second.  Thus  assuming  that  the 
cooling  medium  is  initially  at  zero  temperature  we  get 


9.= 


Hy/^ 


Sy/(Sak\'b)^  2rk, 


H     ,       6 


Let  us  now  consider  how  9,  varies  with  b  —  a  when  H  and 
a  remain  constant.     We  have 


59. 
ib 


Hence  if  a  is  less  than  ir'**/(64  Sff*V"),  8,  diminishes  as  * 
increases,  reaching  a  minimum  v.iluc  when  ft=T'*!  (ft4?ff*V). 
Putting  on  a  thin  l:iyer  of  insulating  material,  therefore, 
cools  the  wire  in  this  case. 

The  following  simple  experiment  illustrates  this  effect. 
Portions  of  a  piece  of  Ihin  manganin  wire  are  insulated 
with  gl.iss,  the  rest  being  left  bare.  When  placed  in  the 
air  and  heated  electrically  the  hire  pieces  of  wire  glow 
bnlliantlv,  hut  the  portions  covered  by  the  glass  are  quite 
dark  and  are  therefore  at  a  much  lower  temperature. 

It  seems,  therefore,  lh.it  insulating  overhead  transmis- 
sion wires  with  a  suitable  material  would  not  only  prevent 
the  losses  due  to  the  formation  of  a  corona  but  would 
allow  more  power  to  l>c  transmitted  without  overhciting 
the  wire'-. 

In  the  J.'uin.il  I.E.E.  for  1905  (vol.  .15.  P- 3'm)  Barne* 
and  J.imcs  show  tliat  in  certain  cases  their  expcrimcntu 
prove  that  the  fu-.ing  current  of  a  wire  v.iries  as  the  1  25th 
power  of  its  r.idius.  This  law  also  readily  follows  from 
Boussinesq's  formulu 
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13.  Age  of  the  Earth  and  Sun. 

The  age  of  the  earth  and  the  age  of  the  sun  were 
■two  problems  to  which  Thomson  devoted  his  best  energies. 
It  was  undoubtedly  a  labour  of  love  on  his  part.  The  "age 
of  the  earth  "  problem  he  had  studied  when  a  boy.  He  saw 
that  the  solutions  given  by  Fourier  would  enable  him  to 
make  an  estimate  provided  that  the  average  thermal 
diffusivity  of  the  earth's  crust  were  known.  He  and 
P.  G.  Tait  carried  out  researches  at  Craigleith  quarries 
near  Edinburgh.  From  these  data  he  made  a  rough 
estimate  that  it  was  about  a  hundred  million  years  since 
the  surface  of  the  earth  was  molten.  The  disQoverv, 
however,  that  a  small  mass  of  radium  can  emit  spon- 
taneously an  enormous  quantity  of  heat  has  made  it 
probable  that  his  conclusion  will  have  to  be  modified. 
It  is  possible  also  that  a  more  accurate  knowledge  of 
the  value  of  the  diffusivity  of  the  materials  forming  the 
•earth,  and  especially  of  how  the  value  of  this  diffusivity 
varies  with  the  temperature,  may  appreciably  alter  the 
figure  found  by  his  method.  The  author  remembers  how 
in  the  session  of  1881-82  Thomson  discussed  this  point 
at  length  and  quoted  results  obtained  by  several  experi- 
menters. 

It  has  to  be  remembered,  however,  that  Thomson  did 
not  base  his  conclusions  on  one  method  alone.  The 
present  shape  of  the  earth,  flattened  at  the  poles,  and 
protuberant  at  the  equator,  enables  us  to  deduce  its 
velocity  of  rotation  just  before  it  solidified.  It  is  known 
that  the  tides  act  as  a  brake  on  the  earth,  making  it  rotate 
round  its  axis  more  slowly  and  thus  lengthening  the  day. 
From  a  close  study  of  the  best  astronomical  data  Thomson 
■calculated  that  in  a  century  the  earth  would  lose  about 
20  seconds  as  compared  with  a  perfect  chronometer. 
A  hundred  million  years  ago  the  centrifugal  force  would 
be  about  three  per  cent  greater  than  at  present,  and  it  can 
be  shown  that  a  liquid  globe  of  attracting  matter  rotating 
at  this  speed  would  assume  a  shape  which  is  approximately' 
the  same  as  the  shape  of  the  earth.  This  argument  is  of 
course  quite  unaffected  by  the  presence  of  radioactive 
elements  in  the  earth.  Unfortunately,  our  knowledge  of 
the  processes  of  disintegration  which  occur  in  these 
elements  is  too  slight  and  our  ignorance  of  their  distri- 
bution throughout  the  substance  of  the  earth  too  profound 
to  enable  us  to  try  and  amend  Thomson's  estimate  based 
on  geothermic  surveys.  Thomson's  estimate  also  of  the 
age  of  the  sun  has  to  be  amended  as  doubtless  the  sun  is  a 
great  field  of  radio-activity.  Ratherford  and  Soddy  have 
pointed  out  that  its  heat  could  be  maintained  constant  in 
this  way  over  vast  periods  of  time. 

In  his  later  years  Kelvin  was  strongly  attracted  by  the 
mystery  of  radium.  Curie's  astounding  discovery  that  it 
emitted  heat  at  the  rate  of  about  go  calories  per  gramme 
per  hour  seemed  to  him  explainable  only  on  the  theory 
that  the  energ)'  of  the  radium  was  supplied  by  ethereal 
waves  from  outside.  He  gave  as  an  illustration  the  case 
of  a  piece  of  cloth  hermetically  sealed  in  a  glass  vessel 
surrounded  by  water  and  exposed  to  the  sun's  rays.  We 
know  that  the  water  will  be  perceptibly  hotter  when  the 
cloth  is  black  than  when  it  is  white.  The  energy  travels 
into  the  black  cloth  by  rays  of  sunlight  and  outwards 
through  the  same  space  by  thermal  conduction.  The  idea 
that  the  energy  could  arise  by  a  change  in  the  atom  seemed 
to  him  incredible. 


14.    HiGH-KREQUFNCY    RESISTANCE. 

In  his  presidential  address  to  the  Institution  in  1889,* 
Thomson  explained  the  variation  in  the  density  of  a  high- 
frequency  current  in  a  cylindrical  conductor  over  its  cross- 
section.  He  supposed  that  the  conductor  was  either  at 
a  great  distance  away  from  the  conductor  for  the  return 
current,  or  that  it  was  the  inner  conductor  of  a  concentric 
main.  He  points  out  that  at  very  high  frequencies  the 
current  is  practically  confined  to  the  surface  of  the  con- 
ductor. This  result  might  have  been  deduced  from 
Willoughby  Smith's  experiments  on  the  screening  effect 
of  metals.  He  gives  a  formula  for  the  effective  resistance 
of  the  conductor  and  also  a  table  calculated  by  Magnus 
Maclean  of  the  numerical  values  of  the  functions  in  terms 
of  which  the  solution  is  expressed.  Oliver  Heaviside  in 
discussing  a  similar  problem  previously  had  used  two 
functions  M  and  N  which  can  be  defined  in  terms  of 
Bessel's  functions  by  the  equation 

I„(:i:v'")  =  M-|-  iN. 

Thomson  called  the  functions  M  and  N,  ber  .t  and  bei  r 
respectively  on  the  analogy  of  the  trigonometrical  functions. 
Professor  Andrew  Gray  has  reminded  me  that  ber  is  a 
contraction  for  "Bessel  real  "  and  bei  is  a  contraction  for 
"  Bessel  imaginary."     It  is  to  be  noticed  that 

Jo  {x  s/O  =  ber  .v  —  t  bei  .r. 
These  functions  have  now  been  tabulated  to  9  significant 
figures    (B.A.   Report,    1912,    p.   57).     In    otiier    physical 
problems  they  have  also  been  found  useful. 

In  1909  the  author  discussed  the  problem  of  the  high- 
frequency  resistance  and  inductance  of  a  concentric  main 
on  the  lines  laid  down  by  Thomson.  In  these  solutions 
(imitating  Thomson)  he  introduced  two  new  functions 
which  he  called  the  ker  and  the  kei  functions.  They 
are  defined  by  the  equation 

Kt,(x^i)  =  kcr  .V  +  I  keii'. 

In  Appendix  7  the  solution  of  the  problem  is  pub- 
lished for  the  first  time  in  terms  of  these  functions.  As 
the  numerical  values  of  the  ker  and  kei  functions  have 
been  tabulated  (B.A.  Report,  1915,  p.  36),  the  complete 
solution  of  the  problem  on  the  given  assumptions  has  now 
been  found. 

It  has  to  be  remembered  that  in  getting  these  solutions 
we  have  neglected  the  effects  of  capacity.  No  one  appre- 
ciated this  better  than  Thomson.  The  ordinary  theory  also 
neglects  the  energy  lost  by  electrical  radiation. 

If  we  adopt  the  electron  theory  of  electricity  we  must 
suppose  that  the  kinetic  energy  of  a  current  consists  not 
only  of  the  magnetic  energy  but  also  of  the  kinetic  energy 
of  the  moving  electrons  themselves  which  compose  the 
current.  In  the  ordinary  notation,  therefore,  the  real 
kinetic  energy  equals 

I  L  1'  -1-  I  2  m  V', 

where  m  is  the  mass  of  the  electron  and  »  its  average 
forward  velocity  in  the  direction  of  the  current.  In  most 
cases  the  correcting  term  can  be  neglected. 

15.  Electrical  Engineer. 
About   1870  telegraphists   discussed   the  desirability  of 
founding   a   society   of    telegraph    engineers,    and    many 

'  Jaurnat  I.E.E.,  1889,  vol,  18,  p.  4. 
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of  thctn  naturally  desired  to  have  Sir  William  Thomson 
as  the  first  President  (see  Appendix  8).  As  a  matter  of 
fact  the  initiative  seems  to  have  been  taken  by  Colonel  Sir 
Francis  liolton.  General  Webber.  Sir  William  Siemens, 
and  Colonel  Malcolm  of  Poltalloch.  In  187?  Sir  William 
Siemens  was  our  first  rresideiit,  and  it  w.-is  not  until  1S74 
that  Sir  Willi.im  Thomson  became  President,  Ix)rd  Lind- 
say, who  was  afterwards  tlie  Karl  of  Crawford  and  Bal- 
carres,  being  one  of  the  Vice-Presidents. 

In  1877.  when  a  juror  at  the  Exhibition  of  Phila- 
delphia, Thomson  wrote  a  report  on  the  exhibit  of 
CJrammc  dynamos.  He  fully  appreciated  the  enormous 
advance  m.ide  by  the  abolition  of  permanent  magnets.  In 
1878  he  advocated  the-generation  of  electricity  "in  bulk." 
In  1879  he  pointed  out  the  suitability  of  the  electric  arc 
for  street  lijjhiing  and  estimated  its  efficiency  as  r8  candles 
per  watL  In  i88i  he  was  most  enthusiastic  over  the  Faure 
accumulator,  and  his  encouragement  was  a  great  help  to 
the  industrj'.  This  year  he  enunciated  Thomson's  law  and 
pointed  out  the  load  at  which  the  electrical  efficiency  of  a 
shunt  dvnamo  was  a  maximum.  He  also  patented  a  special 
winding  for  an  alttrnating-current  dynamo.  Fcrranti 
mdepcndently  invented  an  improvement  of  this  design. 
They  therefore  entered  into  a  working  .igreement  and  this 
association  was  influential  in  turning  Thomson's  attention 
to  several  of  the  problems  which  were  then  occupying  the 
minds  of  engineers.  In  1889  when  the  Society  of  Telegraph 
Kngineers  and  Klectricians  changed  its  title  to  the  Institu- 
tion of  Electrical  Engineers,  Thomson  was  again  Presi- 
dent. He  was  our  President  for  the  third  time  in  1907, 
the  year  of  his  death. 

The  wonderful  series  of  electric  measuring  instruments 
which  Thomson  invented  will  alw.iys  bear  witness  to  his 
genius,  his  energy,  and  his  inventive  skill.  Three  of  his 
.impere  balances  have  been  in  use  practically  continuously 
.1  Faraday  House  for  the  last  27  years  under  ordinary  com- 
mercial conditions.  They  are  as  accurate  and  useful  now 
as  when  they  were  bought. 

In  i8Si,  Sir  WMIIiam  Thomson  and  J.  T.  Bottomley  com- 
municated to  the  British  Association  the  results  of  their 
tests  on  glow  lamps.  They  measured  the  candle-power 
by  a  Kumford's  photometer  and  a  "standard  candle."  and 
the  current  and  pressure  by  graded  galvanometers.  In 
addition  they  pointed  out  the  necessity  of  determining 
the  life  of  the  lamp  and  how  the  candle-power  diminishes 
with  the  blackening  of  the  bulb.  So  far  as  the  author  is 
aware  these  are  the  first  published  tests  of  lamp  efficiencies. 
The  re^ull^  ;ire  given  in  candles  per  horsc-power.  Horse- 
pfjwcr  was  possibly  adopted  so  that  the  efficiency  would 
l«c  expressed  by  a  whole  number,  the  greater  this  number 
the  higher  the  efficiency — or  it  may  have  been  adopted 
hecau^M:  the  term  "watt"  was  at  that  time  too  academic 
(or  the  general  public.  The  efficiencies  of  glow  lamps  are 
now  cxprckscd  in  "  candles  per  watt,"  but  for  years  they 
were  always  expressed  in  terms  of  the  inefficiency  of  the 
lamp,  thai  i»,  in  "  watts  per  candle." 

'n  Ihc   ;  '  TV  of  new  types  of  lamp  the  efficiency 

mukt  be  <  .11   mean  spherical  candles  per  watt  as 

the  total  li^i.t  M.iit  out  by  the  lamp  has  to  be  measured. 
When  thi-  i-  rionr  in  testing  the  new  gas-filled  scries 
'*"';  inena  arc  noticed.     For  instance 

'"   •  '  ,    .  :i    rotated,   the   candle-power  con- 

linually  increato  with  the  tpeed  of  rotation.     At  180  revo- 


lutions per  minute  the  light  may  be  about  15  per  cent 
greater  than  when  the  lamp  is  stationary.  At  this  speed 
also  the  current  may  be  1  or  2  per  cent  less  than  when  the 
lamp  is  station.-iry  although  the  voltage  is  maintained  con- 
stant. The  rotation,  therefore,  appreciably  increases  the 
efficiency.  An  explanation  of  this  phenomenon  may  be 
given  by  considering  the  effects  of  the  centrifug;il  force 
on  the  convection  currents  of  gas  inside  the  bulb  and 
remembering  that  the  resistance  of  the  hot  tungsten 
filament  increases  as  its  temperature  increases. 

:6.  Thomson  .^s  a  Teacher. 

The  author  attended  Sir  William  Thomson's  Natur.il 
Philosophy  class  at  Glasgow  University  in  1878-79  and 
his  higher  mathematical  class  during  the  sessions  1878-79. 
and  1881-S2.  In  the  Natural  Philosophy  class  Thomson 
was  a  most  inspiring  teacher  and  showed  many  most 
interesting  experiments.  Those  students,  however,  whose 
ambitions  were  limited  to  passing  degree  e.\aminations  got 
more  help  from  Mr.  Bottomley  and  Donald  Macfarlane, 
his  assistants. 

In  the  higher  mathematical  class  of  1878  Thomson 
started  lecturing  on  simple  cycloidal  systems.  As  the 
new  edition,  vol.  i,  part  i,  of  Thomson  and  Tait's  "  Natural 
Philosophy  "  was  then  in  the  press,  he  wa*  very  busy 
correcting  proof  sheets  and  making  additions.  In  fact 
most  of  the  paragraphs  numbered  345'  to  345-*  were  given 
as  part  of  the  lectures.  The  author  was  s;idly  puzzled 
in  trying  to  understand  what  a  cycloidal  system  was. 
Thomson  defined  it  as  a  system  so  constituted  that  the 
positional  forces  are  proportional  to  displacements,  the 
motional  forces  to  velocities,  and  in  which  the  kinetic 
energy  is  a  quadratic  function  of  the  velocities  with  con- 
stant coefficients.  Lagrange's  equations  of  motion  were 
then  written  down. 

Although    the   author   failed   at   the   time  to  grasp  the 
mathematical   principles  of  the  motions  of  gyrostats,  yet 
he  thoroughly  enjoyed  the  lectures  and  seeing  gyrostats 
swing  so  as  to  be  "  azimuthally  stable,  one  inclinational 
mode   unstable   the   other   stable   without   rotation  ;   with 
rotation  two  unstable,  one  stable."    Professor  Andrew  Gray 
in  the  Sixth  Kelvin  lecture'-  showed  some  of  these  experi- 
ments.    He  also  gave  the  theory  in  a  form  which  can  be 
readily  grasped  and  gave  several  novel  and  valuable  results. 
Thomson  was  always  so  enthusiastic  in  these  lectures, 
I    getting  his  class  to  work  out  matliematical  theorems  which 
I    some  of  them  could  do  and  giving  tlicin  all  kinds  of  interest- 
.    ing  information.    He  fold  ihem,  for  instance,  that  once  when 
showing  a  gyroscope  to  Helmhollz  the  wheel  Hew  off  and 
utterly  demolished  Hclmholt/'s  new  hat.     He  had  there- 
fore "to  cage  it  in  like  a  wild  beast."     It  was  necessary 
also  to  change  its  name  and  so  he  called    it  a'  gyrostat. 
The   author   left   his   class   in    1S79   badly   fitted    to   pass 
examinations  and  with  very  hazy  notions  about  the  theory 
of  gyrostats,  gimbals,  azimiilhal  motions,  and  Lagrange's 
equations,  but  with  the  highest  admiration  in  every  way 
for  Sir   William   Thomson   and   an    appreciation   of  the 
pleasures  of  original  research.     In  p.arlicul.ar  he  admired 
Thomson's  way  of  never  passing  over  difficulties. 

During    the    session     1881-82    Sir    William    Thomson 
lectured   on    the   theory   of   heat   and   gave   the    Fourier 

•  fpuntiil  I.E.H  ,  iqis.  vol.  S.I.  p.  '77- 
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mathematics.  The  author  finds  by  looking  back  at  his 
notes  that  he  quite  understood  .ill  that  was  given. 
Thomson  was  very  busy  at  this  time  with  all  manner  of 
electrical  experiments  but  he  did  not  refer  to  them  in 
this  class. 

In  solving  problems  the  mathematical  processes  Thom- 
son used  nearly  always  had  a  ph\'sical  significance.  He 
solved  problems  in  one  branch  of  physics  by  methods 
suggested  by  other  branches.  For  instance,  he  found  the 
electric  attraotions  of  spheres  by  the  optical  method  of 
images  and  obtained  the  solutions  for  the  propagation  of 
signals  in  a  submarine  cable  by  analogy  with  the  problem 
of  the  diffusion  of  heat  along  a  bar.  He  also  solved  many 
magnetic  problems  by  analogy  with  the  corresponding 
hydrodynamical  problems.  Much  of  his  success  was  due 
to  his  ability  to  grasp  quickly  the  analogy  between 
problems  in  various  branches  of  physics. 

With  pure  mathematics  he  had  little  sympathy.  He 
regarded  it  merely  as  a  tool.  He  could  not  understand 
how  to  the  pure  mathematician  the  work  of  the  physicist 
sometimes  appears  trivial.  From  the  mathematical  point 
of  view  the  really  important  matter  is  to  obtain  the  solution. 
The  mathematician  is  little  interested  if  a  physicist  at  a 
later  date  applies  his  solution  to  explain  some  physical 
phenomenon.  To  Thomson  this  attitude  of  mind  seemed 
a  symptom  of  mental  disease. 

17.  Conclusion. 

In  what  precedes  the  author  has  only  dealt  with  a  few 
aspects  of  Lord  Kelvin's  life  and  work  which  are  of 
general  interest  to  engineers.  He  has  not  touched  on  the 
epoch-making  advances  Lord  Kelvin  made  in  the  theory  of 
thermodynamics  or  his  wonderful  researches  in  the  theorj' 
of  elasticity  and  the  figure  of  the  earth.  Kelvin's  name 
would  be  world-famous  if  he  had  written  on  one  only  of 
any  of  the  following  subjects — thermodynamics,  electricity, 
magnetism,  elasticity,  telegraphy,  heat,  hydrodynamics, 
electrical  engineering,  mathematics,  dynamics  or  naviga- 
tion. His  explorations  in  all  of  these  subjects  help  us  to 
realize  the  boundless  unexplored  fields  of  research  which 
stretch  before  us  in  endless  perspective.  Had  it  not  been 
for  Kelvin  the  world  would  be  perceptibly  poorer  to-day. 
His  published  works  are  a  gift  to  universal  humanity.  As 
an  imaginative  thinker,  a  powerful  reasoner,  and  a  skilful 
inventor,  Kelvin  was  probably  unique.  English  electrical 
engineers  will  do  well  always  to  remember  him  gratefully. 
During  the  last  few  weeks  of  his  life  he  often  thought  of 
our  Institution  with  kindly  affection.  His  work  will  endure 
and  his 

"  Life,  like  a  dome  of  many-coloured  glass. 
Stains  the  white  radiance  of  Eternity." 


APPENDIX. 

I.  Letter  from  Sir  William  Ramsay. 

The  following  is  an  extract  from  a  letter  to  the  author 
by  the  late  Sir  William  Ramsay,  dated  2  June,  1912. 
Discussing  Kelvin  he  writes  : 

"  I  knew  him  when  I  was  a  boy,  for  he  and  my  father 
were  fellow-students  in  James  Thomson's  class,  and  they 
always  kept  up  their  acquaintance.  He  was  very  good  to 
me  as  a  young  lad  ;  I  was  often  asked  to  his  house  before 


his  second  marriage  ;  and  later,  when  Lady  Thomson 
thought  he  was  overdoing  it,  I  used  to  be  invited  to  make 
a  fourth  at  whist  ;  it  was  a  little  solemn  and  awkward,  for 
he  used  to  yawn,  and  evidently  wished  to  be  doing  any- 
thing but  playing  whist. 

"  I  had  a  spurious  reputation  as  a  student  :  I  knew  a  fair 
amount  of  chemistry,  and  when  I  was  in  his  class  he  used 
to  put  questions  to  me  which  I  usually  answered.  They 
were  questions  in  elementary  chemistry  ;  if  he  had  tried 
me  with  questions  such  as  he  put  to  the  more  mathemati- 
cally gifted,  I  should  have  been  floored.  Macfarlane  could 
have  told  another  tale  about  me  ;  he  knew  how  dense  I 
was.  However,  I  got  a  lot  from  Thomson  ;  I  still  have  the 
notes  I  took  in  his  class  ;  they  are  very  decent,  though  I 
say  it  as  shouldn't. 

"  Later  on  I  worked  in  his  laboratory  at  the  '  New 
College.'  He  set  me  to  do  work  with  a  quadrant  electro- 
meter ;  and  after  I  had  got  the  '  hang  '  of  it  I  had  an  idea 
which  pleased  him  much  ;  it  was  to  coat  a  penny  rubber 
balloon  with  blacklead  outside  and  inside,  fill  it  with 
hydrogen  and  see  if  I  could  get  a  potential  difference.  I 
did  ;  but  no  usable  current.  The  notion  was  motive 
power  for  balloons.  Nothing  was  ever  published,  but  he 
ever  after  had  an  exaggerated  idea  of  my  capabilities." 

2.  An  Appkoxim.ate   Formula   for   Electric  Capacity. 

If  the  capacity  of  a  conductor  be  C  and  the  charge  on 
it  be  Q,  the  electrostatic  energy  of  the  isolated  system  is 
Q'l(2  C).  If  therefore  the  shape  of  the  surface  alters  in 
any  way,  the  charge  remaining  constant,  we  see  by  the 
conservation  of  energy  that  the  new  capacity  C  is  given, 
by  the  equation 

QV(2C)-Q=/(2C')  =  W, 

where  W  is  the  total  mechanical  work  done  by  the  electric 
forces  during  the  deformation.  If  the  work  W  that  has  to 
be  done  by  the  electric  forces  in  order  to  effect  the  new 
stable  distribution  of  the  electric  charge  be  positive,  C 
must  be  greater  than  C,  but  if  it  be  negative,  that  is,  if 
energy  has  on  the  whole  to  be  communicated  to  the  system, 
the  capacity  must  be  diminished.  It  is  easy  to  see  that  the 
amount  of  work  done  by  slightly  deforming  the  surface  of 
a  conductor  is  very  small  compared  with  the  total  electric 
energy  of  the  system.  The  alteration  produced  in  the 
capacity  of  the  conductor  will  therefore  be  small. 

We  know  that  the  capacities  of  conductors  of  the  same 
shape  vary  as  the  square  root  of  their  surfaces.  Hence 
doubling  the  surface  only  increases  tlie  capacity  by  about 
40  per  cent,  and  halving  it  only  diminishes  the  capacity  by 
about  30  per  cent.  As  the  capacity  of  a  conductor,  there- 
fore, varies  slowly  as  compared  with  its  surface  and  is,  as  a 
rule,  not  much  affected  by  small  changes  in  the  shape 
of  the  conductor,  an  approximate  formula  connecting  the 
two  may  be  of  value  in  practical  work. 

In  the  Proceedings  of  the  Mathematico-Physical  Society 
of  Tokyo,  p.  243,  January  1908,  K.  Aichi  points  out  that 
the  capacity  of  an  ellipsoidal  conductor  is  given  very 
approximately  by  (S/4  7r)i  where  S  is  the  surface  of  the 
ellipsoid.  We  shall  first  of  all  verify  and  extend  his. 
calculations  and  then  consider  whether  the  formula 

'■--(S/4'r)*. 
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where  «  is  a  number  generally  not  very  diiTerent  from 
onity,  might  not  be  usefully  employed  in  order  to  obtain 
a  rough  value  of  the  capacity  C  of  a  conductor. 

Eilif'St.uJ. — If  a.  ^.  and  c  be  the  semi-axes  of  an  ellipsoid 
arranged  in  descending  order  of  magnitude,  and  if 
'J  =  {•!'  —  I  'I  .»'.  f\  =  (b'  —  c'hh'.  and  sin  f ,  =  e,.  then  the 
surface  S  oi  the  ellipsoid  is  given  by 

S     _  '^  +  f ■  _    '.'  -_'!jli:)AL  .  u)^ 

where  F  and  E  denote  the  elliptic  integrals  of  the  first  and 
^c   ini  order  respectively.     Their  values  are  tabulated  in 
l).iic  s  -  Mathematical  Tables." 
From  (i)  we  deduce  the  following  instructive  formula 

{/-)'=(-6.)«  [.  +  ^^.  (.t+r;-.. ...  +  J-J^+'S) 

-^-'! 'J  ('!+':)+  .  .  .1    .    (3.t 

If  C  Mcnote  the  electrostatic  capacity  of  an  ellipsoid  and 
if  »•  =  (a'  —  t^V{a'  —  f*),  wc  have  » 

C  =  ae,IF(k.f,) U) 

Hence  we  deduce  that 


835' 

-^'.'? '5  ('!  +  '?)  + 
945 


-Q'= 


Comparing  (j|)  and  (5)  we  sec  that  when  f,  and  e,  arc  small, 
C  is  very  approximately  equal  to  (S/4  x)l. 

If  wc  neglect  small  quantities  of  the  eighth  and  higher 
•orders  wc  mav  viTitc 


in  the  second  that  a  is  o  9848,  and  in  the  third  that  «  is 
0^802.  Although  the  shape  of  these  conductors  is  very 
far  from  being  spherical,  yet  the  inaccuracy  due  to  usmg 
the  formula  C  =  iS,'4  »)•  is  in  all  ca^es  less  than  2  per  cent. 
The  following  tabic  »  gives  the  value  of  a  for  two  spheres 
each  of  radius  a  joined  by  a  very  fine  wire,  for  various 
values  ot  the  distance  c  between  their  centres. 


\\''^cn  this  is  permissible,  therefore,  we  see  that  if  e,  is 
^'^'  iter  than  v^2  r,  or  less  than  fj^2,  C  is  greater  than    ' 
'  ■-  ;  r  i<,  but  for  all  values  of  e,  between  these  limits  C  is 
:'.jn  (S/4r)i.     For  instance,  f,  is  lero  for  a  prolate 
md  therefore  C  is  greater  than  {S/4  r)*,  but  for 
^-'        i>ii-  spheroid  r,  =  r„  and  therefore  C  is  less  than   I 
(S  4  'It-     For  a  proUte  spheroid  when  r,  ^  \.  (5)  gives  us   I 
'  ''d  for  an  oblate  spheroid  when  <•,  =  ^,  =  J. 

—  ,v>^i-^      The  true  values  in  these  cases 
aic  i  •  vcly.  I 

"  iitricity  of  any  section  of 

>:er  than  a  half,  the  error  made  in 
,..tl  to  (d  6()l  is  less  than  the  fifth   < 
ltd  the  error  made  if  wc  use  (5)  is  less 
....  ....-,  ^pnL 

'  '  A  conMdcr  the  values  of  a  in 


:lh  Ed  .  p  5oa 


tla 

M 

tfm 

« 

ela 

• 

2  0001 

o-qSo2 

2-6 

10^8 

() 

1-213 

2  01 

09816 

27 

io'47 

7 

12^8 

21 

09904 

2-8 

1-055 

8 

I  257 

2-2 
2"3 

fOOO 

1010 

29 

3 

I  Of^ljl 

I  071 

9 
10 

1  ;:2^ 

24 

1020 

4 

11^5 

too 

1-400 

25 

f02Q 

5 

1180 

1,000 

1-413 

Unequal  spheres. — Let  us  now  consider  the  case  of  the 
surface  formed  by  two  spheres  whose  radii  arc  a  and  * 
respectively  and  intersecting  orthogonally.     In  this  case  f 

C  =  o  +  6  —  a  ft/Co*  +  b'^  =  a  (S/4  »•)», 

and  hence  wc  pompute  the  following  values  of  a 


h'« 

1 

3 

4 

9 

9« 

■ 

09913 

0-9941 

09958 

0-9988 

09999 

The  case  of  two  spheres  J  very  close  together  and  con- 
nected by  a  fine  wire  is  interesting.  Let  the  r.idii  of  the 
spheres  be  a  and  b  respectively  and  let  C,  and  C»  denote 
their  component  capacities,  and  C  =  C.  -f  C»  be  their  joint 
capacity.  From  the  formul.v  and  tables  given  by  the 
author  (/occi/.)  the  following  table  can  be  easily  calculated. 


biM 

CmlM 

C^k 

Clb 

m 

I 

o6g;i 

0-^)931 

1-3863 

0^2 

2 

04940 

0-8516 

10986 

o-<)«;4 

3 

o3««5 

0-9126 

1-0397 

o.,^^.-, 

4 

0-3102 

09424 

1-0200 

ovN7 

9 

0-1599 

0-9847 

10025 

o-99<'3 

99 

0014s 

0-9998 

I'OOITO 

10000 

Elliptic 

plate.— If  wc 

put  f  =  0  ii 
a 

1  (4)  we  get 
a 

C  = 

'-h\k,wl2)~ 

•     (5l 

K(k}    ■ 

where  »  =  (a'  —  ^•)*/<J.     Since  S  =  2  »  a  ft,  wc  have 
C  =  .  '* 


(1-*'>»K(*) 
When  ft  is  not  less  than  0-7  a,  we  can  write 


(f.)' 

;  can  w 

C  =  ^ll-' +  *"  "t '  .  (  S  )\  approximatelv, 
•  A.  RlTWSU. :  "AltcrDBtlBC  CurteoK'  ».>1.  I,  p.  144.  >"•*  Kd. 
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the  maximum  inaccuracy  being  about  the  fifth  part  of  i 
per  cent  and  occurring  when  b  =  o-ja.  We  see  that  as  ajb 
increases  C  increases,  its  least  value  being  09000 a.  When 
»^yj  b,  we  have 

0  =  0-9978  (S/4  7r)J, 

and  when  a  =  3-8  b,  we  have 

C  =  1-0027  (S/4  t)*. 

Thus  when  a  is  nearly  equal  to  3-75  b  we  have  C  =  (S/4  tt)*. 

It  is  easy  to  see  that  for  a  very  elongated  elliptic  plate 
or  for  a  very  elongated  ellipsoid  a  can  be  very  great-  For 
instance,  for  a  prolate  spheroid,  although  when  a  =  2b,  a 
is  only  1-006,  yet  when  a  =  10,0006,  a  is  nearl)' equal  to  11-4. 

Capacity  of  an  anchor  ring. — In  the  following  table  r 
denotes  the  radius  of  the  cross-section  of  the  ring  and 
R-r  is  the  radius  of  its  aperture.  The  values  of  C  given 
have  been  computed  by  F.  W.  Dyson.* 


R/r 

C/R 

(S/4ir)»/R 

01 

5 
10 

1-200 

i-io6 

0-9917 

0-8700 
0-7216 

1-253 

I-I2I 
0-9709 
0-7928 
0-5606 

0-958 
0-987 

I -02 1 
1-097 
1-284 

We  see  that  for  values  of  R/r  lying  between  2  and  5  the 
eapacity  is  given  roughly  by  (tt  r  RiJ,  the  maximum  error 
being  less  than  10  per  cent.  When  R/r  is  nearly  equal  to 
2-8,  the  capacity  is  given  by  (7rrR)i  with  high  accuracy. 
For  very  large  values  of  R/r  the  ordinary  formula 
TT R/ -j log  (8  R/r) }  gives  C  accurately.  In  this  case  a  is 
very  great.  This  also  follows  since  the  electrostatic 
energy  for  a  given  charge  is  very  small  when  R/r  is  great. 

Splu'tical  boit'l. — As  a  final  example  let  us  consider 
Thomson's  problem  of  the  spherical  bowl.f  Let  the 
radius  of  the  bowl  be  a  and  let  2  6  be  the  angle  which  a 
diameter  of  its  circular  rim  subtends  at  the  centre  of  the 
sphere  of  which  the  bowl  is  a  portion. 

In  this  case 

C=-(9  +  sin9),    and    S  =  4ira"(i  —  cos  9). 


Therefore 


C  = 


9  +  sin  9 


S  \i 


■n  ^1  sin  (6/2)    \4 


■(fj 


Thus  as  e  increases  from  o  to  7r/2,  a  diminishes  from 
o-goGO  to  0-8183.  ^1  order  to  bend  a  circular  plate  so 
that  it  becomes  part  of  a  sphere,  the  charge  remaining 
constant,  we  see  that  work  has  to  be  done,  as  the  electro- 
static energy  has  increased  owing  to  the  diminution  of  the 
capacity. 

Finding  Ihe  surface  of  conducton. — The  formula  C=(S/47r)^ 
«an  also  be  applied  in  many  cases  to  find  a  roughly 
approximate  value  of  the  surface  of  a  conductor  when  the 
capacity  has  been  found.  For  instance,  the  surface  S 
formed  by  four  spheres  intersecting  orthogonally,  the  radii 

*  Philosophkal  Transactions  of  the  Royal  Society,  A,  1893,  vol.  184, 
Fart  1,  p.  43. 

}  W.  Thomson:  "Reprint."  p.  178.  N.  M.  Ferrers:  Quarterly 
f*nrnt!l,  vol.  18,  p.  97. 


of  which  are  a„  a,,  a^,  and  a^  respectively,  is  approximately 
equal  to  4  x  C-,  where  C  is  given  by  * 


a,  a,  a.  Of 


(alalal  +  .  .  .)i 


The  principal  conclusions  arrived  at  in  this  section  may 
be  summed  up  as  follows  : — 

For  an  oblate  spheroid  the  capacity  is  slightly  less  than 
(S/4x)i 

For  a  prolate  spheroid  it  is  only  slightly  greater  than 
(S/4  7r)i  until  the  polar  diameter  gets  much  greater  than 
the  equatorial  diameter. 

Not  only  is  the  formula  C  ^  (S/4  7r)i  exactly  true  for  a 
sphere,  but  also  for  such  differently  shaped  conductors  as 
an  anchor  ring,  the  radius  of  the  aperture  of  whicli  is 
about  1-8  times  the  radius  of  its  cross-section,  an  elliptic 
plate  the  ratio  of  the  axes  of  which  is  about  3-75,  and  for 
two  equal  spheres  connected  b}'  a  fine  wire  when  the  dis- 
tance between  their  centres  is  roughly  equal  to  2-2  times 
the  radius  of  either. 

It  is  suggested  that  the  formula  C  =  (S/4  tt)*  might 
sometimes  be  useful  when  an  approximate  value  of  the 
capacity  of  a  conductor  is  required. 

3.  The  Forces  between  In'sul.\ted  Electrified 
Conductors. 

If  two  insulated  conductors  A  and  B  have  charges  q, 
and  q,  respectively,  and  if  their  dimensions  are  infinitely 
small  compared  with  the  distance  r  between  them,  we 
have 

F  =  ^-^', (i> 

where  F  the  force  between  them  is  repulsive  when  ?,  and 
9,  have  the  same  sign,  and  attractive  when  they  have  oppo- 
site signs.  This  is  Coulomb's  law.  When  the  dimensions 
of  A  and  B  are  comparable  with  r,  each  element  of  elec- 
tricity on  either  conductor  attracts  or  repels  all  other 
elements  of  electricity  according  to  Coulomb's  law.  In 
the  position  of  equilibrium,  therefore,  the  distribution  of 
the  charges  on  the  conductors  follows  a  complex  law 
and  the  simple  formula  (i)  no  longer  holds. 

For  instance,  for  finite  bodies  when  ?,  is  zero,  the  force 
between  them  is  not  zero  as  (i)  indicates,  but  is  attractive. 
A  rough  explanation  of  this  may  be  given  as  follows  : — 

Let  us  suppose  that  A  has  a  positive  charge,  then  on  the 
side  of  B  adjacent  to  A  a  negative  charge  will  be  induced 
and  an  equal  positive  charge  on  the  other  side  of  H.  The 
force  between  A  and  B  will  be  the  resultant  of  tlie  attrac- 
tion between  the  charge  on  A  and  the  negative  charge  on 
B  and  of  the  repulsion  of  the  A  charge  on  the  positive 
charge  on  B.  As  the  negative  charge  on  B  is  the  nearer 
to  A,  the  attractive  force  will  be  the  greater,  and  hence  the 
resultant  force  will  be  attractive.  It  is  easy  to  see  also 
that  if  the  distance  between  the  two  conductors  is  fixed 
and  we  gradually  communicate  a  positive  charge  to  B  the 
force  between  them  gradually  changes  from  attraction  to 
repulsion  passing  through  the  value  zero. 

Thomson  obtained  the  complete  mathematical  solution 
*  C.  Maxwell  :  "  Electricity  and  Magnetism,"  vol.  i.  §  i6g. 
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2  a' 


v: 


for  l(;  :iMilatcd  spherical  conductors.    The  author    ' 

has  -      ,  1-.  formula-  so  that  they  can  now  be  easily 

calculated  in  all  cases.-' 

If  r,  and  v,  he  the  potentials  of  any  two  conductors 
which  have  charges  7,  and  q„  we  have 

f,  =  ^„  ?■  +  ^.- 9.-.     and     :,  =  p„q,+P„q„ 

whirc  f;,.  /•„,  and  p„  are  coeflicicnts,  tlic  values  of  which 
<lcpcnd  only  on  the  shape  and  the  distance  apart  of  the 
two  conductors.     The  energy  \V  stored  up  in  the  electro-    - 
static  field  is  given  by 

W  =  J  ,/.  r.  +  J q, V, 
and  so.  W  =  i^.  9?  +  A,<?,  </.  +  i/"..??    •     •     •     (") 

If  <;,  be  kept  constant  it  is  easy  to  sec  from  (ii)  that  \V 
has  its  minimum  value  when  f..  is  zero.  Similarly  if  :■,  be 
variable  and  v,  be  kept  constant,  \V  has  its  minimum  value 
when  (],  is  zero.  If  we  have  two  spheres  whose  radii  are  a 
and  6  and  if  c  be  the  distance  between  their  centres,  we 
have 

*-'*'*         '  A     ^         la' 

f--a-c>-    f"=  c'     •'""*    f"=b-l'' 

when  small  quantities  of  the  order  (ale)"  or  (6/0°  can  be 
neglected  compared  with  unity. 

For  example,  if  c  =  4  a  =  4  6,  we  have 

P„  =  o(f./nc){\la)  =  p„,    and     /■„  =  025000  (i/a). 

The  true  values  given  by  Thomson  are 

^„=  0-99583  (i/<i)=/.„,     and    /•„  =  0-25015(1/0). 

Hence  for  values  of  da  not  less  than  4  the  accuracy  of  the 
approximate  formul.x-  is  quite  satisfactory. 

If  the  spheres  arc  electrified  the  resultant  force  F 
between  them  will,  from  symmetry,  be  in  the  direction  of 
the  line  joining  their  centres.  If  the  charges  q,  and  q,  on 
the  spheres  remain  constant,  we  obviously  have,  by  the 
principle  of  the  conservation  of  energy,  that  Vic-=—  ^W, 
where  F  is  the  repulsive  force  between  the  spheres.    Hence 


(iii) 


is  the  approximate  formula  for  the  repulsive  force  between 
two  spheres. 

If  q,  and  q,  arc  equal  and  have  the  same  sign  the 
formula  (i)  makes  the  repulsive  force  too  great,  but  if 
they  have  opposite  signs  it  makes  the  attractive  force  too 
small. 

In  the  particular  cases  when 


(IV) 


the  value  of  F  vanishes  and  the  spheres  are  in  neutral 
equilibrium. 

Let  u-i  consider,  for  instance,  the  case  when  the  distance 
between  the  spheres  equals  the  diameter  of  either.  In 
Ihit  caK  we  have  c  =  4  >i  =  4  6. 

SubMiluling  in  (nil  wc  gel 

*  frmn<l»m(0  of  tht  Koy,il  Stnuli.  A.  igwj.  v<.l   H»,  p   t,n 


From  Thomson's  figures  =  "  we  find  th;it  the  accuiatc 
formula   is 

K  =  ■'■"'', -0044^ -o-o,4V.  (''•  +  '')'• 

■     1  ^  ■^-       \</,        q,l  I 

Wc  see  that  in  this  case  the  error  in  using  the  formula 
F  =  (/,  q,lc'  is  least  when  q,  ^  </,.  It  is  then  greater  than 
6  per  cent. 

We  also  find  from  (iv)  that  F  vaiiislies  when  q,lq,  is 
either  0^03 1  or  32  approximately.  Thomson  gives  the 
true  numerical  values  which  .ire  0-03444  ^"^^  -*)'04-  Hence 
formul.-c  (iii)  and  (iv)  are  only  roughly  approximate  when 
cja  is  as  small  as  4.  The  example  illustrates  the  kind  of 
analytical  work  by  means  of  which  Thomson  obtained 
the  exact  solution  of  the  problem.  Snow  Harris  in  his 
"Rudimentary  Electricity"  published  in  1S48  rightly  says 
that  this  problem  is  one  "which  has  hitherto  greatly  per- 
plexed philosophers  and  mathematicians." 

More  general  theorems  are  given  in  Russell's  "Alternat- 
ing Currents, '  vol.  i,  2iid  Ed.,  pp.  150,  235  <•/  scq. 

4.    RUHIIRT    MUKI'HY. 

Robert  Murphy  (1806-43)  was  the  third  of  the  seven 
children  of  a  shoemaker  who  was  parish  clerk  of  Mallow, 
Co.  Cork.  When  1 1  years  of  age  he  was  run  over  by  a 
cart,  and  for  12  months  lay  in  bed  with  a  fractured  thigh- 
bone. During  this  time  he  studied  algebra  and  Euclid 
and  became  extraordinarily  proficient  at  mathematics. 
His  friends  raised  a  subscription  for  him  and  he  entered 
Gonville  and  Caius  College,  Cambridge,  in  11^25.  He  was 
third  wrangler  in  1829,  and  in  1831  was  appointed  Dean 
of  the  College.  Shortly  afterwards  lie  had  to  leave  Cam- 
bridge, his  fellowship  being  sequestrated  for  tlie  benefit  of 
his  creditors.  In  1833  his  "Electricity"  was  published. 
The  book  proves  that  he  was  a  mathematician  of  a  very 
high  order.  The  physical  side  of  electricity  is  barely  con- 
sidered. At  tliis  period  apparently  it  was  customary  to 
discharge  a  Leydeii  jar  through  vour  body.  Murphy  says 
that  a  smart  shock  will  be  immediately  felt. 

5.  Gkorgk  Grkkn. 

George  Green  (1793-1841)  was  born  at  Sncintoii  in 
Yorkshire,  being  the  son  of  a  miller  who  li.id  private 
means.  He  was  an  entirely  self-educated  niatlicniatician. 
His  celebrated  and  important  essay  was  published  by  sub- 
scription in  1828  at  Nottingham,  when  he  was  35  years  old. 
At  the  age  of  40  he  entered  Gonville  and  Caius  College  as 
a  freshman  and  graduated  as  fourth  wrangler  in  1835. 
He  was  undoubtedly  a  physicist  and  niatliematician  of  the 
highest  order,  but  like  Murphy  he  seems  to  have  lacked 
ballast  in  the  ordinary  affairs  of  life. 

6.  John  Kkrk. 

John  Kerr  (i824-ii;o7l  was  born  at  Ardrossan,  Ayrshire, 
and  received  part  of  his  educ.ition  at  a  parish  school  in 
Skye.  He  distinguished  himself  at  (llasgow  I'niversity, 
graduating  with  first-class  honours  in  M.itlicinatics  and 
Natural  Philosophy.  He  was  ordained  a  minister  of  the 
Free  Church  of  Scotl.md,  and  for  44  years  lectured  in  the 
Free  Church  (now  the  United  Free  Church)  Normal  Train- 

•  "  Kcpi  ml."  |v  i»". 
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inff  Co-'j'ege  for  Teachers  in  Glasgow.  Although  he  had 
very  few  laboratory  facilities,  yet  he  discovered  the  bi- 
refringence caused  in  glass  and  other  insulators  when 
placed  in  an  intense  magnetic  field.  He  also  discovered 
the  change  produced  in  polarized  light  when  it  is  reflected 
from  the  polished  pole  of  an  electromagnet. 

7.    HiGH-FREQUEXCV    RESIST.AN'CE   .AND    IXDUCT.WCE. 

The  problem  of  the  high-frequencj'  resistance  and  in- 
ductance of  a  concentric  main  is  discussed  in  Russell's 
"  Alternating  Currents,"  vol.  i,  chap.  7,  2nd  Ed.  The  final 
formula  for  R  and  L  contain  quantities  A,  B,  C,  and  D, 
which  have  to  be  determined  from  four  simple  simul- 
taneous eqii^'ions.  Mathematically  the  solution  is  com- 
plete, but  in  practice  the  numerical  evaluation  of  the 
formulae  is  laborious.  The  recent  publication,  however,  in 
the  British  Association  Report,  1915,  of  complete  tables  of 
the  ker,  kei,  ker',  kei'  functions  calculated  to  six  significant 
figures  for  ranges  of  the  argument  from  o  to  10,  at  intervals 
of  01,  has  induced  the  author  to  solve  the  problem 
completely.  He  is  indebted  to  Harold  Savidge  for 
pointing  out  to  him  that  it  follows  from  the  general 
properties  of  Bessel  functions  that  the  ber  and  the  bei 
functions  are  connected  with  the  ker  and  the  kei 
functions  by  certain  simple  relations.  This  has  enabled 
him  to  simplify  the  solutions  still  further.  A  proof  will 
first  be  given  of  the  mathematical  theorems  which  are 
used. 

By  definition  it  follows  that  ber  .i-(-i  bei. r  and  ker.v-(-ikei.v 
are  both  solutions  of  the  equation 

We  get  by  substituting  these  values  for  y  and  equating  the 
real  and  imaginary  terms  on  each  side  of  the  equation  that 

ber '  .r  =  —  .r  bei  .r  —  .x-  ber  "  .r,  ker '  x  = —  .r  kei  r  —  .v  ker  "  x, 

and     bei'  .r  :=  .v  ber  .1  —  .t  bei"  x,  kei'  \  =  x  ker  x  —  .r  kei"  x. 

If  we  write 

y  =  ber  x  ker'  x  —  bei  .v  kei'  v  —  ker  x  ber'  .v  -|-  kei  x  bei'  .v, 

we  get,  by  substituting  for  ker'  .v,  kei'  .v,  ber'  .r,  and  bei'  x 
their  values  given  above,  that 

y  =  x( — ber.vker"  .1- -I- bei.vkei".t  -(-  ker  .v  ber"*- 

—  kei  .r  bei"  x) 
^  — .r(5  vP  -V). 

The  solution  of  this  equation  is  y  =  ajx,  where  a  is  a 
constant.  Putting  .v  equal  to  a  very  small  number,  we 
see  from  the  series  formulae  defining  the  functions  that 
y^  —  i/.v  in  this  case,  and  hence  a  =  — i.     Thus 


ber  X  ker'  x  —  bei  x  kei'  x  — 

and  similarly  we  find  that 
ber  .r  kei'  v  ^-  bei  r  ker'  v  — 


ker  .iber'  x 

-|- kei  .r  bei' .1  = — i/.i-    .     (i) 

•  ker  ,v  bei'  .1 

—  kei.vber' .r  =  o     .     (2) 

Let  us  first  suppose  that  the  inner  conductor  is  solid 
and  that  its  radius  is  a  and  that  the  inner  and  outer  radius 
of  the  outer  conductor  are  b  and  c  respectively.  Then 
solving  equations  (80),  {81),  (84),  and   (85),  loc.   at.    ante 


and  substituting  in  formulas  (92)  and  (93)  we  get  finally, 
after  laborious  algebraical  operations,  that 

P p  m      W  (m  a) 

2  V  a     V (in  a) 

+ j^jr^^-Tv— r {2 S (m c) .  (ber  m b kei  m  6— kei  m  b ber'  ik  6) 

+  2  T  (hi  c)  .  (ber  m  b  ker'  m  h  —  ker  m  b  ber'  m  b) 

+  -±^—y,(mc)  .\\'(m  b]—\' (mc}.\\\{mb)\  .  (3) 


and 


m  b 


T  . ,      b  ,    2uZ(ma) 

L  =  2/1  log  -  -\ "^^ — '- 

'       '=a^  inaV(ma) 

+  „,j,^'^b  c)  ]  ^^('"'-)  •  C^^""  '"*  ''^'"'  i"b+bei  inb  kei'  mb) 
+  2T(mc) .  (ker  mb  bei'  m6— ber  mb  kei'  mb) 

-  ^^"  -V.(mc) .  Z{mb)-V(mc) .  Z,{mb) }  .     ^4) 

In  these  formulas  p  is  the  resistivity  of  the  metal,  fi  its 
permeability,  and   fi'  the   permeability   of   the   insulating 
material  sep.arating  the  two  conductors.    The  frequency  of 
the  alternating  current  is  qj/2  w  and  m»  =  4  n-  /<  u/o. 
The  functions  are  defined  as  follows  : 

S  (:ir)  ^  ber'  x  ker'  .v  -|-  bei'  x  kei'  x, 
T  (.v)  :=  bei'  .V  ker'  x  —  ber'  x  kei'  x, 

V  {x)=  ber'M-  +  bei'M-, 
V,  (x)  =  ker''.t  +  kei" .v, 

W  (x)  =  ber  x  bei'  .v  —  bei  x  ber'  x, 

W,  (.r)  ^  ker  x  kei'  x  —  kei  x  ker'  .i-, 

Z  (.v)  =  ber  .r  ber'  x  +  bei  x  bei'  .i', 
Z,  (.r)  =  ker  .r  ker'  .v  -|-  kei  .r  kei'  x, 

A  (6,  c)  =  V,  (m  c) .  V  (w  6)  -t-  V  (m  c)  .  V,  (m  6) 

-  2S{mb)  .S{mc)—2T{mb).T(mc). 

When  m  c  is  not  greater  than  2,  (3)  simplifies  to 

7ra=  \  192  / 

+     ,^''    fc«  \i  +  m'(<T+<T,^+<TA')\  approximately,  (5) 


where     it  := 


_  (7  c'  —  6')  (c°  —  6')  _ 


b=c* 


192  '     "'    'S{c'  —  b'Y 

b-c^  .     .,      ,       c 

■  --, TT  ,  and    t  =  loe7. 

4(c=-ftT  ^b 


We  find  in  a  similar  way  that  in  this  case  (4)  simplifies  to 
b      a         2  uC     ,      c  3 1'  —  6' 

L  =  2./''i°s,+'+(c=:r6^^°g6-''2V^) 

-^>{T  +  ^,i  +  r,V  +  -3  V)  ni'  approx.     (6) 


fi   m*  a* 
2  '  192 


where 


_  19 c* 4-  103c* 6'  — 41  c-b*  -H  36^^ 
'~  2^.4'.&'(c'  —  b')^ 

—  14  c*  6"  (2  c'  —  b") 
■-~2=.4^3(^— 6=r 

—  _        c^^ 

'-~4(c=-6=y 

3  =  2-(cr=r6r)..    ^nd    .  =  log^. 
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Formulx  (5)  and  (6)  arc  in  exact  agreement  with 
formulx  (y6)  and  (97)  given  on  pp.  220  and  221  {he.  cil. 
mnU). 

If  4(c  —  b)  is  not  greater  than  h  and  a  one  per  cent 
accuracy  suffices,  we  have 

«  +  o.  i  +  ».  r  =  (f  —  ^>;45,  approximately, 

and  (5)  becomes 


r u' V  102  / 


M2 


'45"   r 


approximately     (7) 


Similarly  when  m  a  is  less  than  2  and  ^c  —  t)"/(io6')  can 
be  neglected  compared  with  unity,  we  have 

where  !-••  is  the  value  of  L  with  continuous  currents,  and 


T  +  T,i  +  r,C-  +  r,V=  — 


I     (C-  6)5 


Hence  (6)  becomes 


h  .  11      II    m*a'  ^  2  n    c  —  b  I         m*{c —  6)«] 
6       l'  6^0^ 

approximately     ...    (8) 


L  =  2^' log'  +''-'■."■  "  +''•.'-■^1  ,_'"3^-''/l 
^a^  2      2     i.p   ^361  630       I 


When  in  a  is  greater  than  (5),  we  may  use  the  following 
formulae 


2wa\y/ 

+ 


y/2       2m  a      Sm'a'  ■^/2i 
em        sinh  m(c  —  &)v'2  +  sin  m  (r  —  b)^2 


2vb  y/2  '  cosh  m(c —  b)^2  —  cos  m{c —  fr)^/2 


(9) 


2f 


and  l.=  2  u  log      + 


>      8  W  aV 


2/' 


v'a      8»M'flV2 
sinh  ni  (c  —  b)^2  —  sin  wi  (c  —  ft)v/2 


m  b^3  '  cosh  m  (c  —  fcjv/ii  —  cos  m  (c  —  M v'z 


written  down  by  comparing  them  with  (i)  ana<2).    We 
get,  at  once,  that 


(10) 


In  Russell's  "Alternating  Currents,"  vol.  i,  p.  222^ 
2nd  Kd.,  a  method  is  indicated  for  getting  the  solution 
of  the  problem  when  the  inner  conductor  is  hollow. 
A^!-uming  that  the  inner  and  outer  radii  of  the  inner  con- 
ductor have  lengths  a,  and  a,  respectively,  the  current 
density  1  at  any  point  in  the  inner  conductor  at  a  distance 
r  from  the  axis  is  given  by 

r  =  ( A  bcr  m  r  +  IJ  bei  m  r  +  C  ker  m ;  +  D  kci  m  r)  /„  cos  u  / 
+  ( — A  bcimr+Hber  m  r— C  kci  m  r+D  ker  mr) r.  sin  w/. 

If  wc  Hupposc  that  I  =  (,  cos  » /,  when  r  =  a,,  it  is  shown 
Vot.  cil.  anU)  that  the  equations  to  determine  the  four 
conNtantit  are 

A  btr  ma,+  U  l>ci  ma,  -f  C  kcr  ma,  -(-  I)  k>i  ma,  =  i, 
A  Imti  /»i  <i,  —  H  bcr  m  a,  +  C  kci  m  u,  —  I )  ker  m  a,  =  o, 
A  l>cr'  »i  a,  +  H  bci'  m  a,  +  C  ker'  ma,-\-  I)  kei'  m  a,  =  o, 
A  bci'  ma,  —  Hbci'  ma,  -^  Ckci'  ma,  —  I)  lier'  ma,  =0. 

The  author  i»  indebted  to  Mr.  Harold  d.  Savidge  for 
|<ointin|{  (>ul  thai  llic  viliitioio  of  Ilu-Hr  rquationii  can  be 


A  ^  —  m  a,  ker'  m  a„ 
C  ^  ma,  Ixr  m  a„ 


B  =  m  a,  kei'  m  a„ 
D  =  —  »»i  a,  bei'  m  a,. 


Hence  the  problem  is  solved  immediately.  If  1  denote 
the  amplitude  of  the  current  density  at  a  point  distant  r 
from  the  axis,  then  when  (r— a,)/a,  is  not  greater  than  \ 
and  f«  r  is  not  greater  tlian  2,  we  have 


i  =  ,.-i+"'"--''.i' 


1   ..  . 


(>'> 


I    Hence  I  increases  as  r  increases. 

I        It  can  also  be  shown   that   if    R   denote  the  effective 

I    resistance  of  a  length  /  of  the  hollow  conductor  we.  have 

R  =  — Tt^     T^SC-a.) 
2ira,A(a„a,)L 

.  (ber  m a, kci'  ma,  —  kei  m  a, ber'  m a,) 

+  2  T  {ma,^ .  (ber  m  a,  ker'  m  a,  —  ker  hi  a,  ber  m  a.) 

+  ^1^"^"'^— V,(ma.)  .W(md,)-V(m<i,').W,(ma,)](i2> 

It  will  be  seen  th<it  equation  (12)  could  have  been  deduced 
from  (},")  by  neglecting  the  first  term  in  tlie  equation  for  R 
and  writing  a,  for  6  and  a,  for  c. 

Similarly  we  can  show  that  the  part  L,  of  the  self- 
inductance  L  due  to  linkages  of  magnetic  Unes  within 
tlie  hollow  inner  conductor  is  given  by 


L,  =  ^'!— ^[28  (ma.) 

m  a,A(ii,,a,)  L 


.  (kcr  m  a,  ber'  m  a,  +  bci  m  .1,  kei'  m  a,) 

+  2  T(wia,).(kcr  ma, bei'  m  a,  —  ber  m  a, .  kci'  ma,) 

~^l'"a.'^  -V,("'a,) .  Z(ma.)-V(ma,).  Z.(fHa,)](i3) 

The  formula  for  the  effective  resistance  of  the  outer 
conductor  and  for  llic  linkages  of  the  magnetic  lines  in  the 
outer  conductor  can  be  written  down  at  once  from  (3)  and 
(4)  as  thev  are  obviously  the  same  whether  the  inner 
conductor  is  solid   or  hollow. 

When  mc  is  not  greater  than  2  and  (a,'—a,)la.  's  not 
greater  than  J  we  have 

R=       -''-'  fi  +"'V".-^'1 

'<-»(a;-a'lL'  +  45         J 

^T(r•-^')L    ^         45        J     ^  ^' 

\i  wc  have  two  p.ii,(llel  cylindrical  hollow  conductors, 
their  inner  and  outer  radii  being  (a„  a,)  and  (b„  b,)  n-'Pcc- 
tively,  and  if  the  distance  c  between  their  axes  be  suf- 
ficiently great  so  that  the  distribution  of  the  current  in  the 
one  is  not  .iffccted  bv  the  current  in  the  other,  the  resist- 
ance of  the  two  in  scries  is  got  by  adthng  to  the  expression 
for  R  given  by  (12)  a  correspomling  expression  deduced 
from  the  first  by  writing  /'.  and  /',  foi  a,  and  a,  respectively. 

Similarly  to  find  the  sell  inductance  L  of  the  two  in 
scries  we  have  to  add  to  the  value  L,  given  in  (13)  a  corrc- 
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spending  expression  deduced  from  it  by  writing  6,  and  b^ 
for  a,  and  a,  respectively,  and  also  a  term 

2  f.- 1  log  {d'l(,a,b,)}. 

For  solid  conductors  the  formula  for  L  is 

~f  "ab^  m  b    V  {m  b)  ^  ma    V  {m  a) 

Tables  of  the  values  of  -  .  7-rr-\  ^nd  of  m  for  copper 

wires  at  various  frequencies  are  given  on  pp.  233  and  234 
{loc.  cit.  ante). 

8.  The  Foonding  of  the   Institution   of   Electrical 
Engineers. 

From  1868  onwards,  the  question  of  starting  a  Society  of 
Telegraph  Engineers  was  discussed  by  several  engineers 
and  physicists.  In  a  letter  to  the  author  dated  12th  June, 
1912,  the  Earl  of  Crawford  and  Balcarres  says  : 

"  The  first  inception  of  the  Society  was  in  my  old 
laboratory  in  a  slum  called  Eaton-place  (now  swept  away) 
lying  between  Green-street,  Grosvenor-square,  and  Oxford- 
street.  Cromwell  and  Alfred  Varley  were  great  friends  of 
mine  and  were  constantly  with  me  there — I  was  working 
then  on  electromagnetism  and  storage  batteries — and 
Cromwell  Varley  taliced  so  much  about  getting  up  a 
society  of  telegraph  engineers  that  we  decided  to  get  up 


one,  and   when  all  was  in  order  William  Thomson   was 
asked  to  be  the  first  President." 

It  was  not,  however,  until  1874  that  Sir  William  Thomson 
was  President,  with  Lord  Crawford  or,  as  he  then  was, 
Lord  Lindsay,  as  Vice-President.  The  first  soiree  of  the 
Society  was  held  in  Lord  Crawford's  laboratory  at 
48  Greek-street,  Soho. 

Colonel  Malcolm,  R.E.,  C.B.,  of  Poltalloch,  has  told  the 
author  that  the  final  move  in  founding  the  Society  was 
taken  as  follows : 

When  he  was  at  Chatham  in  charge  of  the  electrical 
education  of  the  Royal  Engineers,  Captain  (General) 
Webber,  who  was  his  cousin,  c.iUed  on  him  and  discussed 
the  question  of  starting  the  Societ}'.  He  asked  him  to  join, 
and  said  that  Charles  Siemens  (Sir  William  Siemens)  was 
favourable.  When  Major  Malcolm  agreed,  he  said, 
"That's  capital! — now  we  are  three  and  can  form  a 
Societ)-." 

Mr.  William  O.  Smith,  son  of  Willoughby  Smith 
(President  in  1883),  tells  the  author  that  he  always  under- 
stood from  his  father  that  the  idea  of  forming  the  Society 
originated  with  Captain  Bolton  (afterwards  Colonel  Sir 
Francis  Bolton).  Captain  Bolton  asked  Captain  Webber 
to  assist  him  m  the  fonnation  of  the  Society,  and  the 
two  approached  those  people  likely  to  be  of  use  in 
bringing  in  members:  Major  Malcolm;  C.  W.  Siemens; 
Professor  Abel  (afterwards  Sir  Frederick  Abel)  ;  the  l'o>t 
Office  Engineers  ;  Willoughby  Smith,  and  doubtless  many 
others. 
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^^ 


THE    THEORY    OF    ARMATURE     WINDINGS. 
By  S.   P.  Smith,  D.Sc,  Associate  Membei. 


{I'ltfcr  first  received  12  A/<iv,  and  111  tiual  form  30  October,  1916.) 


Sl'MMARV. 

In  this  paper  an  attempt  is  made  to  outline  the  theory  of 
armature  windings  in  hctcropolar  machines  (i.e.  machines  with 
alternate  north  and  south  poles). 

Section  I. — Attention  is  drawn  to  the  fundamental  importance 
of  the  relation  between  the  number  of  slots  and  the  number  of 
poles,  and,  by  the  aid  of  simple  vector  diagrams,  the  condition 
is  established  for  obtaining  a  winding  in  which  the  sum  of  all 
the  induced  pressures  is  zero  at  any  instant.  If  all  the  coils  in 
such  a  winding  .ire  joined  in  scries  to  form  a  closed  winding,  no 
intern.!!  current  can  circulate.  Following  this,  the  condition  is 
found  for  obuining  a  number  of  similar  symmetrical  polyphase 
systems  in  such  a  winding,  this  being  essential  when  parallel 
circuits  are  needed,  as  in  most  commutator  machines.  A  wind- 
ing fult'illing  these  conditions  is  called  symmetrical,  and  an 
extension  of  the  argument  reveals  the  relationship  that  must 
exist  between  the  number  of  slots  and  the  number  of  poles  in  a 
symmetrical  3-,  4-,  or  6-phase  winding.  Table  i  shows  the 
number  of  similar  circuits  it  is  possible  to  have  with  v.-irious 
numbers  of  poles. 

Section  2.— This  deals  solely  with  single-layer  windings.  The 
arrangement  of  the  coils  for  various  symmetrical  and  hemisym- 
mctrical  polyphase  windings  is  discussed.  The  effect  of  the 
number  of  slots  on  the  number  of  similar  parts  in  e.ach  phase  is 
shown,  and  the  means  indicated  for  suppressing  tooth  effects. 

Section  3. — The  arrangement  of  open  and  closed  double-layer 
windings  is  illustrated,  and  the  methods  of  loading  closed  wind- 
ings are  compared.  The  connecting  rules  for  lap  and  wave 
windings  are  deduced,  and  the  restrictions  examined  for  making 
these  windings  symmetrical.  These  results  are  given  in 
Tables  2  and  3,  along  with  the  sloltings  possible  for  N-phasc, 
Up  and  wave  windings.  These  tables  enable  the  designer  to 
see  at  once  the  number  of  coil-sides  per  slot,  the  numt)cr  of 
slots,  and  the  number  of  phases  possible  in  any  symmetrical 
winding. 

l-as||y,  it  is  shown  how  to  find  the  points  where  a  winding 
'■  I   ■•r  opened  to  obtain   phases,  examples  lieing 
the  various  c.\ses. 
■.  ihc  paper  .ire  subdivided  as  follows  : — 


mu«t   N 
given   : 
Ttic  -c 


I.  Armature  windings. 

(I)  CinHiti^n  f'>r  ohinining  a  closed  winding. 

(Hi  '  ig  a  symmclrical  winding. 

(Mil   '  ical  and  unsymmclric«l  windings. 

(IV'  iig  a  symmetrical  N-phase  winding. 

fV.   .  Inpan. 

3.  Singlf-lavcr  windinHt. 

(1)  Arrangement  of  «ingle-layer  windings. 
(Il»  Num' 

(<i  I  f  I  pole, 

(ft  per  pole. 

(Ml  l°>e  ol  unequal  cuil  group*. 


3.  Double-layer  windings. 

Ill  Arrangement  of  double-layer  windings. 
(<i|  Phase  tappings  off  closed  windtita^. 
(i)  Polygon  lappings. 
|ii)  Di.imelral  tappings. 
(6)  Open  double-layer  windings. 
(Ill  Connecting  rules  for  closed  windings. 
(<j)  Closing  rule  (or  lap  windings, 
(ft)  Closing  rule  for  wave  windings. 
(Illl  Conditions   for   obtaining    symmetrical    lap    and 
windings, 
(n)  Symmetrical  lap  windings, 
(ft)  Symmetrical  wave  windings. 
(IVl  Conditions  for  obtaining   symincfrical  N-phase,  la 
wave  windings. 
(ill  Symmetrical  X-phase  lap  windings, 
(ft)  Symmetrical  N'-ph.ase  wave  windings. 
(i|  Number  of  poles, 
(ii)  Number  of  slots. 
(V)  Location  of  tappings  and  openings. 

((»)  Tappings  off  symmetrical  lap  and  wave  windi 
(ft)  Opened  wave  windmgs. 
(c|  Illustrative  examples. 
(VI I  Wave  windings  with  a  whole  number  of  slots  per  p 


Definitions. 

The  following  definitions  may  be  found  useful  in  rc^ 
the  paper  :  — 

Sxmmclrical  polyphase  syilem. — A  polyphase  systc 
said  to  be  symmetrical  when  all  the  pressures  havi 
same  amplitude  and  are  equally  displaced  from  one  an 
in  a  period,  i.e.  when  /J  =  2  ir/N.  where  N  is  the  numl- 
phases  and  li  the  angle  between  successive  phases 
such  a  system,  (he  sum  of  the  N  pressures  is  equal  to 
at  any  instant,  so  that  the  N  phases  can  be  joined  in  < 
(mesh)  without  causing  internal  currents  to  flow. 

Hemisvmmclrical  potypluise  system.— A  polyphase  sy 
is  cilled  hcmisymmctrical  when  all  the  pressures  hav 
same  amplitude  and  are  displaced  ftoin  one  anoth< 
l/Nth  of  half  a  period.  A  liemisymmetrical,  N-] 
system  is  one-half  of  a  symmetrical,  2  N-pli.«c  sysl 

Phase-pitch. —TUc  displacement  between  two  succc 
phases  of  a  polyph.isc  system  is  called    the   phase-] 
The  phase-pilch  can  be  ntc.isured  in  any  suitable  " 
angular  or  linear  measure,  or  expressed  as  a  naw 
segments,    slots,   etc.      When    measured   in    radian 
angular  phase-pilch  is  fl. 

Phase-spread.— TUc  angle  subtended  in  c.ich  pole- 
by  the  .group  of  coil-sides  of  a  phase  is  called  the  an 
phase-spread.  This  will  be  denoted  by  ».  Accordi 
whether  the  ph.ise-sprcad  is  i/Nlh  or  a/Nths  of  a 
pitch,  we  have  the  narrow  or  wide  ph.isc-sprcad. 
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Symbols  Used. 

C  =  total  number  of  coils  in  a  winding,  or  segments  in 

commutator. 
I  =  R.M.S.  value  of  current. 
N  =:  number  of  phases. 
Q  ^  number  of  slot-pitches  per  pole-pitch  (or  slots  per 

pole)  =  S/2^. 
S  =  total  number  of  slots  in  periphery. 
S'  =  number   of    slots    in    a     symmetrical     polyphase 

system  =  S/a. 

C       u  ^  ,  ^ 

■^  =  -  ^  segments  per  slot. 

a  =  any  integer,  i,  2,  3,  etc. 
=  number  of  similar  parts  (or  circuits)  in  a  phase  of 
a  symmetrical  winding. 
e  =  instantaneous  value  of  electromotive  force. 
i  =  maximum  value  of  electromotive  force. 
m  =  number  of  coils  in  a  group. 
n  =  any  integer. 

p  =  total  number  of  pole-pairs  in  a  machine. 
p'  ^  number  of  pole-pairs  in  a  symmetrical  polyphase 

system  =  pja. 
q  =  number  of  slots  per  pole  and  phase  =  Q/N. 
g,  ^  number  of  wound  slots  per  pole  and  phase. 
M  =  number  of  coil-sides  per  slot. 

j)'£  =  commutator  pitch  measured   in  commutator   seg- 
ments (or  coils), 
yj  and  ^y=  back  and  front  winding  pitches  measured  in 

coil-sides. 
y'p  =  equipotential  (or  potential)  pitch  =  C/a  segments 
(or  coils). 
^>  A  =  phase-pitch  ^  C/a  N    segments   (or  coils)  =  S/rtN 
slots. 

/3  ^  angular  phase-pitch  in  radians. 

y  =  angular  slot-pitch  in  radians. 

<r  =  angular  phase-spread  in  radians. 
4/  =  angular  phase  displacement  between  the  pressures 
induced  in  successive  coils  in  the  winding. 

I.  Armature  Windings. 

In  a  heteropolar  machine,  that  is,  a  machine  with 
alternate  north  and  south  poles,  the  periphery  of  p  pole- 
pairs  represents  2  Trp  radians,  in  electrical  measure. 
Denoting  the  total  number  of  slots  in  the  uniformly- 
slotted  periphery  by  S,  the  angular  slot-pitch  in  radians  is 
then 


r  =  - 


(I) 


The  phase  of  the  pressure  induced  in  a  conductor 
depends  chiefly  on  the  position  in  the  field  of  the  slot  in 
which  the  conductor  lies,  and  only  to  a  small  extent  on  the 
position  of  the  conductor  in  the  slot.  If  no  flux  whatever 
passed  through  the  slot,  the  phase  of  the  pressure  induced 
in  each  conductor  in  the  slot  would  be  the  same.  Conse- 
quently, in  a  slotted  armature,  the  position  of  the  slots  in 
the  field,  or,  in  other  words,  the  relation  between  the 
number  of  slots  and  the  number  of  poles,  is  of  fundamental 
importance.  To  examine  this  relation,  then,  we  need  only 
consider  the  slots  filled  vkith  coils  arranged  to  form  a 
uniform  winding  over  the   periphery.     For   this   purpose 


we  can  take  an  ordinary  two-layer  winding  with  two  coil- 
sides  per  slot — one  in  the  top  and  the  other  in  the  bottom 
layer.  In  this  winding,  the  number  of  coils  C  is  equal  to 
the  number  of  slots  S.  These  coils  can  be  joined  up  in 
many  different  ways,  according  to  whether  tlie  constant 
phase  displacement  \j/  between  the  pressures  induced  in 
successive  coils  is  to  be  greater  than,  equal  to,  or  less  than 
the  slot-pitch  y,  as  can  be  readily  understood  from  the 
rules  for  lap  and  wave  connections,  which  we  shall 
consider  presently. 

Ignoring  any  harmonics  that  may  be  present  in  the 
pressure  wave,  that  is,  assuming  a  sinusoidal  flux-distribution, 
the  pressures  induced  in  the  successive  coils  a,  b,  c,  etc., 
can  be  represented  by  vectors  displaced  from  one  another 
by  the  angle  i|/,  as  shown  in  Fig.  i  (<i),  whilst  the  resultant 
pressure  obtained  by  joining  yn  coils  in  series  is  shown  in 
Fig.  I  [b).     (Small  letters  are  used  to  denote  instantaneous 


a      b 


(6) 


(») 


Fig.  I. — Pressures  induced  in  successive  coils  of  a  winding. 

(a)  Vector  diagram.  (6)  Resultant  of  vector  diagram. 

values,  and  a  bar  is  added  to  denote  maximum  values.) 
If  the  m  vectors  in  Fig.  i  (6)  form  a  closed  figure,  as  is 
the  case  whenever  nj  1//  =  2  jt,  4  tt,  .  .  .,  or,  in  general, 
2  Tra,  where  a  ^  i,  2,  3,  etc.,  then  it  is  clear  that  ^  «  =  o, 
and  if  the  m  coils  represented  by  these  vectors  are  joined 
in  series  to  form  a  closed  winding,  no  internal  current  will 
circulate. 

In  the  special  case  when  on//  =  2  -,  the  m  coils  form,  by 
definition,  a  symmetrical  m-phase  system.  If  a  winding  has 
a  such  systems  all  alike,  that  is,  a  similar  sets  of  m  coils  each, 
it  is  said  to  be  symme'.rical.  If  like  coils  of  the  a  similar 
parts  of  a  symmetrical  winding  are  joined  in  series  or 
parallel,  neither  the  phase  nor  the  shape  of  the  pressure 
wave  will  be  affected  in  any  way,  nor  can  currents 
circulate  between  the  several  parts. 

We  shall  now  see  how  these  conditions  can  be  fulfilled 
in  a  winding. 

(I)  Condition  for  obtaining  a  Closed   Winding. 

A  closed  winding  may  be  defined  as  a  winding  in  which 
the  sum  of  all  pressures  is  zero  at  any  instant,  since  no 
current  of  fundamental  frequency  can  circulate  in  such  a 
winding  when  all  the  coils  are  joined  in  series  to  form  a 
closed  vi'inding. 

In  order  that  the  sum  of  the  pressures  induced  in  the 
S  coils  in  the  winding  may  be  zero,  we  must  make  the  total 
phase  displacement  S4'  =  2  7ri!,  because  only  in  this  case 
do  the  S  vectors  form  a  closed  figure. 
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Wc  must  have  then 

S^  =  3  ir<I, 

M>  that  the  pha-e  angle  C  must  be  (:>ce  Equation  i) 


,       3  wa      2 ra  a 


(2) 


Thus  by  making  if<  ^  j  j,'/>,  we  obtain  a  winding  in  which 
S  4^  =  3  r  <i,  and  therefore  ^'  e^o. 

-ccn  presently  that  the  rules  for  lap  and  wave 
c.  -  are  developed   from    the  simple   relation   in 

Equation  (2). 

In  the  above  argument,  it  is  noticed  that  a  is  merely  a 
number  ;  that  is,  a  ^  i,  2,  3,  etc. 

(II)  Condition  for  obtaining  a  Symmetrical  Winding. 

If  a  winding  in  which  S  i^  ^  2  xa  has  a  similar  p.vts,  it 
can  be  called  symmetrical,  because  the  coils  in  e;ich  part 
then  form  a  symmetrical  polyphase  system,  in  which  the 
sum  of  the  pressures  is  zero  at  any  instant. 

Let  a  be  the  highest  common  factor  (H.C.F.)  of  the 
number  of  slots  S  and  the  number  of  pole-pairs  p.  Then 
S,'<J  ^  S'  and  pa^f  are  bot"i  integers,  and  the  above 
forniul,-c  become 

S  V  =  2  «-,  and  S'  ^  =  2  ir  />'. 
Hence  the  phase  angle  if.  will  now  be 


*      S'      /• 


(3) 


Thus  by  making  (f-  ^  y!f,  we  obtain  a  winding  in  which 
S'  !</  =  2  «■,  and  therefore  V  ^  =  o.  Each  set  of  S'  vectors 
forms  a  closed  polygon,  and  there  are  a  such  polygons 
exactly  alike.  Consequently  such  a  windmg  has  a  similar 
parts,  and  each  part  forms  a  symmetrical  S'-phase  system, 
In  which  the  sura  of  the  S'  pressures  is  zero  at  any  instant. 

In  this  case,  then,  a  has  a  definite  meaning — it  is  the 
H.C.F.  of  S  and  p,  and  denotes  the  number  of  similar  parts 
in  the  winding,  or  the  number  of  times  the  slot  positions 
in  the  field  recur. 

Since  from  each  of  a  simil.ir  systems  a  similar  circuit  can 
be  taken,  it  follows  that  a  represents  the  number  of  similar 
circuits  possible  in  a  symmetrical  winding.  These  a 
Mmilar  circuits  can  be  united  to  form  one  phase  of  a  poly- 
p'  :i— the  scries  or  parallel  connection  bcmg  used 

at  „    10   the   pressure  and    current    required.     The 

several  phases  can  then  be  interlinked  in  star  or  mesh, 
as  desired,  unless  they  are  already  joined  in  mesh  to  form 
a  closed  winding.  When  the  circuits  are  connected  in 
»eric»,  the  same  current  tlows  through  all  ;  when  they  are 
joined  in  parallel  the  currc-nl  per  circuit  I.  =  1,/a,  where  \, 
i»  Ihc  ' 

'"  •  metrical  polyplia.sc  windings 

^'  ■»»  »hown  in  sub-section  (IV).     The  chief  of 

SvmTirtriral  7  phitc  winding  :  2  phases  at  180* 


winding  :  3  phases  at  l3o*. 
winding  :  4  phases  at  90*. 
winding  :  6  phases  at  60*. 


When  the  coils  of  a  symmetrical  winding  are  joined  in 
scries  to  form  a  do-ed  winding,  there  will  always  be  a 
coils  at  the  same  potential.  These  a  equipotential  coils  are 
S  ^S,  J  coils  apart,  and  must  be  connected  to  a  common 
terminal  by  means  of  tappings  or  commutator  brushes,  in 
order  to  load  the  a  simil.ir  parts  of  the  clo>ed  winding 
uniformly.  For  this  reason  we  call  the  di>t;ince  between 
successive  equipotential  coils  the  equipotential  (or.  briefly, 
the  potential)  pitch,  i.e.  the  potential  pitch  y,=  S/a  slots 
or  C/ii  coils.  Obviously,  equipotciili:iI  coniieciors  (or  equal- 
izing rings)  can  be  joined  to  any  of  the  corresponding  S' 
phases  in  the  a  similar  parts  of  the  winding,  when  desired. 

An  interesting  case  of  the  mesh  connection  with  the  a 
systems  in  parallel  is  the  continuous-current  m.-ichinc, 
where  connection  is  made  to  a  closed  winding  by  means 
of  commutator  brushes.  In  this  case  a  brush  does  not 
make  connection  with  two  similar  circuits,  but  with  the  two 
phases  at  180°  of  a  synmielrical  2-phase  system.  The 
total  current  I,  in  each  phase  is  then  equal  to  half  the 
continuous  current  I,,  so  that  the  current  per  circuit 
I,  =  I,/j=.  \Jyia). 

The  above  conditions  can  be  summarized  as  follows  : — 

(I)  When  the  tot.-il   phase  displacement  of  the  S  coils 

S 1^  =  2  IT  <J,  where  0^1,2,3,  etc.,  then  —  f  =  o. 
and  the  S  coils  can  be  joined  in  series  to  form  a 
closed  winding. 

(II)  When  in  addition  to  S  if-  =  2  »<i,  a  is  the  H.C.F.  of 

S  and  p,  then  S'  it  ^  2  x,  and  therefore  S'"  f^o  ; 
so  that  the  S  coils  form  a  similar  symmetrical 
S'-phase  systems. 

A  winding  which  satisfies  conditions  (I)  and  (I  I)  is  called 
symmetrical,  whilst  a  winding  which  satisfies  condition  (I) 
but  not  condition  (11)  is  called  unsymmetrical. 

These  conditions  show  clearly  how  the  number  of 
similar  parts  or  circuits  in  a  winding  depends  on  the 
relation  between  the  number  of  poles  and  the  number 
of  $lots.  When  we  come  to  deal  with  the  actual 
windings  themselves  in  the  latter  part  of  the  paper, 
it  will  be  found  that  a  certain  amount  of  confusion 
exists  due  to  a  slotting  being  used  for  a  number  of  circuits 
different  from  the  H.C.F.  of  S  and  p.  In  pra-'tiee  this 
often  leads  to  undesirable  results,  as  will  be  seen  when  we 
refer  to  two  of  the  commonest  ex.imples.  In  an  alternator 
it  isquitc  common  to  use  a  slotting  which  gives  the  number 
of  simil.ir  parts  a  equal  to  the  number  of  pole-pair>  p  when 
only  one  circuit  per  phase  is  needed,  with  the  re-ull  that 
tooth  effects  .ire  repealed  throuvjhout  the  ph.tse,  wherc.is 
when  a  is  less  than  p  (for  example  <i  ^  1),  the  tooth  effects 
are  suppressed  by  joining  dissimilar  pressures  in  series. 
On  the  other  hand,  in  a  C'lmmutatur  machine  where  the  a 
parts  arc  joined  in  parallel  M  the  commutator  or  at  the 
slip-rings  it  is  very  important  to  make  the  winding  sym- 
metrical, that  is,  the  a  paths  exactly  similar,  to  prevent 
sparking  and  the  circulation  of  internal  currents. 

(Ill)  Examplcf  0/  Symmdncal  and  Umymmflrnal 
li'indtngi. 

To  illustrate  the  foregoing,  let  us  choose  at  random 
different  numbers  of  slots  S  and  of  pole-pairs  p,  and  show 
what  windings  with  3  coil-sidcs  per  slot  arc  possililc  when 
we  make   a^i,   2,   3,   etc.     The   possible    lap  and  wave 
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windings  are  found  from  the  closing  rules  derived  from 
Equation  (2),  and  given  on  page  29.  Though  single- 
layer  windings  might  also  be  included  in  this  table, 
nothing  would  be  gained  by  their  addition,  for  the 
symmetry  or  dissymmetry  of  a  winding  depends  funda- 
mentally on  the  relation  between  the  number  of  poles  and 
the  number  of  slots,  and  not  on  tlie  type  of  winding  used. 


see  under  what  conditions  the  slotting  for  a  symmetrical 
winding  can  be  divided  into  N  equal  parts  at  an  angle 
/3  =  2  tt/N  radians  apart  to  form  a  symmetrical  N-phase 
system.  In  other  words,  we  must  see  when  it  is  possible 
to  derive  a  symmetrical  N-phase  system  from  S  slots  and 
p'  pole-pairs. 

First,  with  regard  to  the  slots,  let  S'  be  exactly  divisible 


Pole-pairs 
P 

Tolal  Slots 
S 

H.C.F. 
of  S  and  p 

/■' 

S'           Assumed 
a 

^=-;. 

S  .(,  =  2  ir  a 
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Possible  Windings 
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2  ;r 
6,r 
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2   TT 
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z 

I  and  II 
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I 

I 

I  and  II 

I 

I  and  II 

I 
I 
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)i 
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Symmetrical  wave 
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Impossible 
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*  Cases  are 
reasons.     For 


marked 
example. 


impossible  when  it  is  not  possible  to  tind  windings,  due  to  the  impossibility  of  giving  't  the  required  values  or  to  other 
with  18  slots  per  pole-pair,  it  is  clearly  impossible  to  make  i  an  odd  multiple  of  y/2. 


Though  windings  are  also  possible  when  a  >  p,  these 
have  not  been  included  in  the  above  table,  because,  being 
unsymmetrical,  they  are  not  so  important,  and  because  the 
above  table  is  merely  intended  to  be  illustrative,  the  com- 
plete tables  being  given  later  in  the  paper  (see  page  32). 

(IV)  Conditions  for  obtaining  a  Symmetrical  M-phase 

Winding. 
Though  it  is  possible  to  have  a  similar  S'-phase  systems 
in  a  symmetrical  winding,  usually  only  a  smaller  number 
of  phases  N  =  3,  4,  or  6  is  required.     We  must  therefore 


by  N.  We  then  get  N  equal  phases  displaced  from  one 
another  by  an  angle  S'  1///N  =  2  n-/N  =  /3  (since  S'  1/'  =  2  ir, 
in  a  symmetrical  Vv-inding),  which  is  what  is  needed.  We 
can  call  the  integer  S'/N  the  phase-pitch  measured  in  slots, 
and  denote  it  by  y^  *,  that  is,  y^  /,  =  S'/N. 

Coming  now  to  the  poles,  it  is  clear  that  2  np'j'i^  =  P'  ^ 
must  give  the  correct  phase  displacement  2  ir/N  ^  /3. 
This  is  the  case  when />'  =  /!  N±  i,  where  «  =  o,  i,  2, 3,  etc., 
for  then  ^'  ;3  =  («  N  ±  i)  2  WN  =  ±  2  tt/N  =  ±  /3.  ■  That  is 
to  say,  when  />'  =  H  N  ±  1  the  same  positions  are  obtainable 
for  N  phases  in  the  field  with  />'  pole-pairs  as  with   one 


•JO 
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pole-pair.  This  is  not  possible,  however,  if  p'  is  a  multiple 
of  X.I  ■  =  >i  N,/>'^=  n  X(2«-/N')  =  o.    The  same 

rc«ti!!  ^c  deduced  from  the  fact  that  in  a  sym- 

n-  ^  S  and  f'  have  no  common  factor  greater 

tl.  >ince  S/N*  is  to  be  an  integer,  it  follows 

Ihit  ?  /N  c.innot  be  integral. 

Smco  .1  symmetrical  winding  has  a  similar  parts,  it 
follows  that  each  phase  in  the  N -phase  system  will  have 
J  simil-ir  parts,  and  by  connecting  these  a  parts  in  parallel 
wc  f:>.l  J  circuits  per  phase. 

Thus  to  get  a  symmetrical  N-phase  winding,  we  must 
have  a  symmetrical  winding  (as  defined  in  Equation  3) 
such  that 


and 


»>.=  ^.  =^^=mtegcr 
P 


■  =  ?  =  H  N  -t-  I 


(4) 


where  a  =  H.C.  F.  of  S  and  /*  =  number  of  similar  parts 
(or  circuits^  per  phase. 

The  numbers  of  slots  that  will  satisfy  Equation  {4)  for 
N  =  3.  4,  and  6,  are  determined  in  the  following  sections 
of  the  paper,  and  are  tabulated  for  lap  and  wave  windings 
on  page  32,  whilst  the  following  table  shows  the  relation 
between  the  number  of  phases  N,  the  number  of  similar 
parts  (or  circuits,  with  p.irallel  connection)  per  phase  a  and 
the  number  of  pole-pairs  />  in  the  machine. 

Table  i  shows  that  certain  cases  are  not  possible ;  for 
example,  it  is  not  possible  to  obtain  a  symmetrical  3-phase 
winding  with  only  one  or  two  similar  parts  per  phase 
in  a  6-  or  i;-polc  machine,  nor  is  it  possible  to  obtain  a 
symmetrical  4-ph.-isc  pressure  from  an  8-pole  macliine 
unless  we  have  four  similar  p.\rts  in  each  phase. 

Unless  a  commutator  is  used,  it  is  not  necessary,  and 
with  some  types  of  winding  not  possible,  to  wind  all  the 
slots  in  each  of  the  X  parts  ;  but  provided  that  all  X  phases 
are  made  equal  and  properly  spaced,  a  symmetrical 
X-phase  pressure  is  obtained. 

An  i-vlension  to  the  above  rule  for  obtaining  a  simiLar 
L  :   phase  enables  us  to  get  2  a  parallel  circuits 

[-  when  X  is  even.     For  example,  a  symmetrical 

ft.phasc  sy«tem  is  equivalent  to  two  symmetrical  3-phase 
systems  at  180°,  so  that  by  joining  opposite  phases  I  and  IV, 
III  and  VI,  and  V  and  II  in  parallel,  we  get  a  symmetrical 
T.  ■  '  •  -tem  with  the  same  number  of  circuits  as  the 

'  icm  from  which  it  is  derived.     It  this  way  it  is 

I  •  wo  circuits  per  phase  in  a  2-polc  machine, 

'  '  obtain  .as   many  circuits   per   phase   as 

I  ■■   •   iif  great  importance  in  practice. 

I  il)le  to  derive  a  hemisymmctrical 
irom  a  symmetrical  4-phasc  winding, 
number  of  phases  in  an  X-phase  system, 
can  be  halved  by  joining  opposite  phases 

II  liis  it  a  very  common   way  of   obtaining 

A  llg. 

'       and  double- 
I  '  to  point  out 

"  iilings  complelelv 

MTV  of  the  effects 
'•  swtcms   can    be 

when  polyphase 

When  the  prct- 

I  ■•»'.  •l"c  fo  incorrect 


field  excitation,  equality  is  established  by  reactive  currents, 
which  maintain  the  fluxes  in  the  several  machines  at  such 
a  value  that  the  sum  of  all  the  pressures  round  any  circuit 
is  zero  at  every  instant.  When  there  is  a  phase  displace- 
ment between  a  machine  pressure  and  a  line  pressure, 
a  power  component  of  current   flows,   and   according  to 

Table   i. 

Possible  \'umbers  of  Similar  Circuils  per  Phase  in  <i  Sym- 
metrical  S'-phase  H'inding  on  a  Machine  uilh  3  />  Poles. 


Nurob«rof 

Pole-pair*  in 

llachiof 

f 

Number  of 
Similar  Circuits     | 
per  Phaw 
a 

^■=:- 

Ponlblc 

Number  of 

Phase* 

N 

I 

I 

I 

.^4.6 

2 

I 

2 

2 
1 

3 
3.4.6    . 

3 

I 

3 

3 
I 

4 
3.  4.  <> 

4 

I 
2 
4 

4 
2 
I 

3 

3 

3.  4.  6 

5 

1 
5 

5 
I 

3.  4.  6 
3.  4.  6 

6 

2 
I 

3 

2 
I 

4 

3 

3.4.6 

7 

I 
7 

7 

I 

3.4.6 
3.4.6 

s 

I 

2 

4 
8 

8 

4 

-> 

I 

3 

3 

3 

3.  4.  6 

9 

I 
3 
<> 

9 
3 

1 

4 
4 

;      3.  4. 6 

10 

I 
-» 

S 
10 

10 

2 
I 

3 
3.  4.  6 

3 
3.  4.  6 

1 1 

I 
1 1 

1 1 

1 

.3.4.6 
3.  4.  6 

12 

1  .■• 

4 
3 

2 
1 

3 

4 

3 

3.4.6 

whether  the  ph.ise  of  the  machine  pressure  is  ahead  or 
behind  that  of  the  line  pressure,  the  machine  acts  as  a 
generator  or  motor.  In  the  same  way,  when  the  pressures 
III  the  phases  of  a  winding  are  unequal,  reactive  currents 
will  flow  to  cqiiah/e  theni,  whilst  dissimil.ir  phase  angles 
will  give  rise  to  pciwcr  tomponeiits. 

Where  continuous  currents  .ire  concerned,  experience 
has  shown  that  sparking  in  rotary  converters  and  flickering 
in  the  lights  connected  on  each  side  of  the  middle  wire 
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of  dynamos  with  static  balancers  have  often  been 
caused  by  unsymmetrical  phases  on  the  alternating- 
current  side.  Also,  the  trouble  due  to  having  the  parallel 
circuits  unlike  one  another  in  a  commutator  machine  are 
well  known.  Of  course,  in  some  cases,  like  the  rotor  of  a 
small  induction  motor,  a  certain  amount  of  dissymetry  may 
be  harmless. 

(V)  Phase-sfread  and  Coil-span. 

In  each  pole-pitch  the  coil-sides  of  each  phase  are 
spread  over  a  definite  arc — this  arc  we  shall  call  the 
phase-spread,  and  denote  b}' tr  (angular  measure).  Accord- 
ing to  the  way  the  winding  is  arranged,  the  phase-spread 
can  be  made  equal  to  i/Nth  or  2/Nths  of  the  pole-pitch,  or 
<T  =  ir/N  or  2  jt/N  radians.  With  a  narrow  phase-spread, 
a  ^  t/N,  and  with  a  wide  phase-spread  it  ^  2  tt/N  radians. 


I  ^       Pole-pitch 


Pole-pi  bch       , 


U_ir: 


1- 


:-p_T._.c:--Tr;i 


(a) 


Fig.  2. — Equivalent  constant-span  coils  in  single-layer 
winding. 

(a)  Actual  coils  (variable  span).        (6)  Equivalent  coils  (constant  span). 


In  a  double-layer  winding  the  coil-span  is  usually 
constant  and  approximately  equal  to  a  pole-pitch,  the 
coils  being  arranged  in  two  layers  and  distributed  uni- 
formly over  the  armature  periphery  (see  Fig.  8).  In  a 
single-layer  winding,  the  coils  can  have  a  constant  span,  as 
in  the  mush  winding  ;  but  winding  the  coils  one  inside  the 
other  forms  a  better  arrangement  for  high-tension  work 
and  is  preferred  by  some  makers  for  all  voltages.  The 
variable  coil-span,  however,  is  due  merely  to  the  arrange- 
ment of  the  overhang,  and  by  changing  this  we  can 
obtain  constant-span  coils  without  affecting  the  position  of 
the  coil-sides  in  the  slots  in  any  way  (see  Fig.  2). 

Both  the  phase-spread  and  the  coil-span  have  a  direct 
bearing  on  the  output  of  the  winding.  To  obtain  the 
largest  output  from  a  given  number  of  phases,  the  mean 
coil-span  should  equal  the  pole-pitch  to  make  the  coil-span 
factor  unity,  and  the  narrow  phase-spread  should  be  used 


to  obtain  a  high  distribution  factor.-  The  influence  of  the 
phase-spread  also  explains  why  a  larger  output  is  obtained 
from  an  increased  number  of  phases  when  the  mean  span 
of  the  coils  in  each  phase  is  kept  equal  to  the  pole-pitch. 

2.  Single-layer  Windings. 
(I)  Arrangement  of  Single-layer  Windings. 

The  peculiarity  of  the  single-layer  winding  is  the  use  of 
one  coil-side  per  slot,  so  that  every  coil  fills  tvi'o  slots. 
Consequently  if  the  coils  of  a  phase  are  to  lie  in  adjacent 
slots,  as  is  usual  in  single-layer  windings,  each  pole-pair 
must  be  divided  into  2  N  equal  parts,  two  of  which  are 
monopolized  by  each  phase.  The  phase-spread  in  a 
single-layer  winding  is  then  o-  =  2  7r/2  N  =  tt/N  radians. 
It  is  also  possible  to  obtain  a  phase-spread  of  2  tt/N  radians 
in  a  single-layer  winding  by  spreading  the  coil-sides  of  a 
phase  over  the  wider  arc  and  filling  the  empty  slots  by  the 
coil-sides  of  another  phase  ;  but  owing  to  the  reduced 
output  obtainable  with  the  wide  phase-spread,  this 
arrangement  is  only  resorted  to  in  special  cases,  as,  for 
e.xample,  in  a  3-phase  winding  when  it  is  desired  to 
suppress  the  third  harmonic  in  the  phase  pressure. 

In  single- layer  windings,  then,  it  is  standard  practice  to 
use  the  narrow  phase-spread,  and  a  number  of  such  poly- 
phase windings  are  represented  diagrammatically  in  Fig.  3, 
where  a  circle  denotes  a  pole-pair  of  2  jr  radians.  The 
circle  is  divided  into  2  N  parts,  and  single-  and  double- 
dashed  numerals  are  used  to  denote  the  two  sets  of 
coil-sides  in  eacli  phase.  The  phases  can  be  interlinked 
as  desired — thus  diagrams  a-e  represent  hemisymmetrical 
windings  having  i,  2,  3,  4,  and  6  phases  respectively  ; 
whilst  /,  g,  h,  and  k  represent  symmetrical  2,  3,  4,  and 
6-phase  windings. 

It  is  seen  in  Fig.  3  that  different  conditions  arise 
according  to  whether  the  number  of  phases  N  is  even 
or  odd.  Diagrams  a-e  and  g  show  that  with  the  mean 
coil-span  equal  to  a  pole-pitch,  it  is  possible  to  obtain 
any  hemisymmetrical  N-phase  winding,  but  only  a 
symmetrical  N-phase  winding  when  N  is  odd.  When 
N  is  even,  a  symmetrical  N-phase  winding  is  obtainable 
by  making  the  mean  coil-span  equal  to  (N  —  i)/N  times 
the  pole-pitch,  as  shown  in  diagrams  /,  h,  and  k.  The 
relative  outputs  given  on  the  diagrams  are  calculated  for 
uniformly  distributed  w-indings,  that  is,  for  a  phase-spread 
=  7r/N.    ' 

The  diagrams  in  Fig.  3  clearly  show  how  two  phases  in 
which  the  pressures  are  equal  and  opposite  can  be  joined 
in  parallel  or  series  to  form  a  single  phase.  For  example, 
in  the  symmetrical  6-phase  winding  in  diagram  k,  the 
pressures  in  phases  I  and  IV  are  equal  and  opposite,  and 
by  combining  each  such  pair  we  get  the  hemisymmetrical 
3-phase»winding  in  diagram  c,  or  the  symmetrical  3-phase 
winding  in  diagram  g.  In  diagram  k,  where  N=6  is 
even,  the  mean  coil  span  is  equal  to  (N  —  i)/N  =  5/6ths  of 
the  pole-pitch  ;  whilst  in  diagram  g,  where  N  =3  is  odd, 
the  mean  span  equals  the  pole-pitch.  Similarly  the 
hemisymmetrical  2-phase  winding  with  the  mean  span 
equal  to  the  full-pitch  in  diagram  b  can  be  obtained  from 
the  symmetrical  4-phase  winding  with  the  mean  coil-span 

•  S.  P.  Smith  .ind  R.  S.  H.  Bovlding  :  "The  Shape  of  the  Pressure 
Wave  in  Electrical  Machinery."    Journal  I.E.E.,  iqi5,  vol.  53,  p.  205. 
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equal  to  three-quarters  of  the  pole-pitch  in  diagram  h  by 
coinhiiiinf;  phases  I  and  III  to  form  phase  I  and  phases  II 
and  IV  to  form  phase  II.  Or,  again,  the  i -phase  winding 
in  diagram  a  can  be  derived  from  the  2-phasc  winding  in 
diagram  f,  hy  joining  phases  I  and  II  in  series  or  parallel. 
The  advantage  of  obtaining  an  N-phasc  winding  witli 
full-pitch  coils  from  a  3  N'-phase  winding  with  short-pitch 


(II)  Number  of  Armature  Slots. 

In  single-layer  windings  it  is  common  practice  for  a 
phase  to  have  the  s.inie  number  of  coils  in  each  pole-pair. 
Let  q„  denote  the  number  of  coils  per  phase  in  each  pole- 
pair.  These  q^  coils  require  2  v„  slots,  so  that  for  the 
N  phases  there  must  be  2  ?„  N  slots  pur  pole-pair,  or  in 
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— Diagrammatic  arr.ingcmcnts  ol  sinKle-laycr  windings  to  iibl.im  N  phases  with  narrow  phase-spread  (<t  =  jr/N) 
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coil*  is  threefold.  First,  the  two  parts  can  be  joined  in 
parallel,  llu-rcby  doubling  the  number  of  circuits  in  a 
ph.Tf  :  -rrr  iiriiv,  thc  ovcrliaug  is  often  shorter,  thereby 
f  :>per  and  healing  in  this  part  nf  the  wind- 

''  .,  ■•  same  output  is  obtained   with   half  thc 

numlH-r  of  pha\c*.     Of  course,  when  the  series  connection 

•* •  •  v.nry  to  have  thc  two  parts  which  are 

ind  it  is  quite  common  to  have  one 

111  the- other.  'I'l  dent  to 

■^  with  i  N  cnij  ,  1  r  pole- 

and  wii»diii({  il,c  c.iiply  slot*  in  thc  N-plia»e  winding. 


J' 

r 

h, 

pail, 


f>'  pole-pairs  there  must  be  2</.N/>'  slots.  The  tot.il 
number  of  slots  S'  in  the  />'  pole-pairs  can  be  written 

S'  =  2  v-  N  /■'  +  ■<  • 

where  .r  denotes  the  number  of  slots  in  thc  f  pole-pairs 
not  needed  by  the  q,.  coils  per  group,  and  will  be  left  empty 
when  all  groups  are  alike — sec  sub-section  (ii)  below.  If 
thc  X  slots  are  wound,  some  groups  will  have  more  coils 
than  others — sec  sub-section  (6)  below. 

In  order  to  obtain  a  symmelrical  N-phasc  winding,  the 
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number  of  slots  S'  must  satisfy  Equation  (4),  that  is,  the 
phase-pitch  must  be 

S         S'  X 

^  =  3;;  =  2  9o/>'  +  ^  slots  ...    (5) 


»*  = 


where  />'  ^  n  N  ±  i  ^  /•/a. 

Since  \>i  must  be  a  whole  number  and  zqop'  is  integral, 
it  follows  that  the  number  of  extra  slots  x  in  the  p'  pole- 
pairs  must  be  divisible  by  the  number  of  phases  N,  and 
each  phase-pitch  contain  .r/X  extra  slots. 

The  total  number  of  slots  S  in  the  machine  is  then 


S  =  S  a=z  zq^yi p  +  xa 


(5") 


In  the  common  3-phase  single-layer  winding,  this 
becomes 

S  =  6q^P+xa (56) 

where  .r  =  o,  3,  6,  etc.,  and  a:=  fjp' ^pl{2n±i)  is  an 
integer  =  p. 

As  these  expressions  are  so  simple,  there  is  no  need  to 
tabulate  the  slottings  for  single-layer  windings,  and  we 
shall  therefore  only  consider  the  general  cases. 

{a)  Whole  number  of  slols  per  pole. — In  most  single-layer 
windings,  the  number  of  slots  per  pole  Q  is  an  integer. 
In  this  case  every  pole-pair  is  alike  and  forms  a  complete 
N-phase  system.  Thus  S' ^2  q^y*  -\-x  and  Q  =  q^N  -(-jr/2, 
where  .v  can  be  zero  or  any  multiple  of  N.  The  total 
number  of  slots  S  =  S'/,  since  a=:p  when  /i'=i. 

An  interesting  relation  holds  when  N  is  even  and  the 
polyphase  winding  is  symmetrical,  as  pointed  out  in  con- 
nection with  Fig.  3.  In  this  case  the  mean  coil-span  equals 
(N  —  i)/X  times  the  pole-pitch,  but  by  halving  the  number 
of  phases  v.e  double  the  number  of  circuits  and  make  the 
mean  span  equal  to  the  pole-pitch.  The  important  case  in 
practice  is  when  a  3-phase  winding  has  a  whole  number 
of  slots  per  pole.  In  this  case  the  slotting  is  always  that 
of  a  symmetrical  6-phase  winding.  Thus  when  N  =  6, 
Q  ■=  6qo  +  \x.  If  now  x  =0,  theu  Q  is  a  multiple  of  6, 
that  is  an  even  multiple  of  3,  so  that  the  6-phase  winding 
consists  of  two  3-phase  windings,  which  can  be  joined  in 
series  or  parallel.  If  jt  =  6,  O  =  6  ?o  +  3  ;  that  is,  Q  is  an 
odd  multiple  of  3,  so  that  we  have  a  symmetrical  6-phase 
winding  with  3  empty  slots  per  pole,  or  a  symmetrical 
3-phase  winding  with  QJi  =  2  50  -!-  i  slots  per  phase  and 
pole.  In  the  latter  case  there  are  not  two  equal  circuits 
per  phase  per  pole-pair  when  all  slots  are  wound,  but  this 
is  immaterial  when  only  the  series  connection  is  required. 
It  is  thus  seen  that  with  a  whole  number  of  slots  per  pole, 
the  slotting  for  a  symmetrical  3-phase  winding  is  the  same 
as  that  for  a  symmetrical  6-phase  winding,  and  it  is  due  to 
this  fact  that  it  is  possible  to  obtain  a  3-phase  single-layer 
winding  with  one  circuit  per  pole  and  phase. 

When  the  number  of  slots  per  pole  is  integral,  the  same 
slot  positions  recur  under  every  pole,  and  the  coil-sides  of 
the  whole  winding  can  only  occupy  Q  positions  in  the  field. 
Consequently,  any  effect  due  to  the  spacing  of  the  slots  or 
the  swinging  of  the  flux  is  repeated  under  every  pole  and 
appears  undiminished  in  the  phase  pressure  in  the  form  of 
a  spacing  ripple  or  a  tooth  ripple.  Thus  for  obtaining  a 
smooth  wave  for  the  phase  pressure  we  have  the  worst 
possible  conditions  with  a  whole  number  of  slots  per  pole. 
There  are  several  ways  of  suppressing  the  effects  of  the 
slots  and  teeth,  most  of  which  make  the  winding  equivalent 
to  a  uniformly  distributed  winding.     Thus  by  skewing  the 


slots  or  the  pole-shoes  by  an  amonnt  eqnad  to  the  slot- 
pitch  this  result  is  obtained.  An  equally  effective  method, 
and  one  that  is  often  simpler  and  cheaper  than  the  fore- 
going from  the  works'  point  of  view,  is  to  make  the  number 
of  slots  per  pole  fractional  by  adding  extra  slots. 

(6")  Fractional  number  of  slots  per  pole.—Vi'hen  O  is  a 
fraction,  the  coil-sides  do  not  occupy  the  same  position  in 
the  field  under  the  different  poles,  consequently  the  effect 
of  the  teeth  is  not  reproduced  throughout  the  phase. 
Expressed  mathematically,  we  can  say  that  2Q  ■\-  x  and 
2  Q  —  X.  where  *  ^  i,  3,  5.  etc..  no  longer  represent  har- 
monics when  O  is  a  fraction,  whereas  thev  do  so  when  O 
is  an  integer,  and  have  a  high  winding  factor /„  when  x  is 
small  Csee  footnote  on  page  23). 

We  shall  only  consider  the  practical  case  of  the  sym- 
metrical 3-phase  winding.  Inserting  X  =  3  in  Equation  (4), 
we  have  y,  ^  =  S/311  =  S'/3. 

The  coils  will  occupy  the  greatest  number  of  positions 
in  the  field  when  a  ^  1  and  p'  =  p,  that  is,  when  there  can 
be  only  one  circuit  per  phase.  We  can  always  make  a  =  i 
unless  ^  is  a  multiple  of  3 .  If  ^  is  a  multiple  of  3,  we  must 
make  a  a  multiple  of  3  so  that  p'  ^p'a  =  3  n  +  i,  is  not  a 
multiple  of  3,  and  so  obtain  a  similar  parts  per  phase— see 
Table  i.  For  example,  when  /|  =  3  we  must  take  11  =  3, 
so  that  ^'  ^  I  ;  with  p  =6,  we  can  take  d  ^  3  to  make 
p'^2,  or  a  =6  to  make  p'^i.  With  a^^t  ^^^  slot 
positions  in  the  field  repeat  themselves  3  times  ;  with 
a  =:  6,  6  times. 

(j)  Use  of  empty  slots. — The  simplest  way  to  make  Q  frac- 
tional is  to  have  a  number  of  extra  slots  not  needed  by  the 
winding.  From  Equation  (5)  we  get,  for  X  =  3,  the  phase- 
pitch  V;,*  =  2q^p'  +  x/3.  Thus  -r  must  be  a  multiple  of  3. 
Taking  .1  =  3  as  the  smallest  number  of  empty  slots 
that  can  be  added,  we  have,  when  />' =30 +  !=•/, 
S'  ^  3 y_,  i  =  6  9o^'  +  3  ^  S.  This  gives  the  largest  number 
of  positions  possible  in  p  pole-pairs  with  a  symmetrical 
3-phase  winding,  for  in  this  case  the  slot  positions  in  the 
field  never  recur  and  there  can  only  be  one  circuit  per 
phase.  Thus  with  x  =  3  empty  slots  and  /  =  3  «  ±  i,  we 
have : 

Total  slots,  S  =  6  ^3  ^  -|-  3, 
Slots  per  pole,  O  =  S/(2/-)  =3q.  +  SK^P), 
Slots  per  phase  and  pole,  q  =  Q,  3  =:?,-(-  1/(2^), 
Phase-pitch  in  slots, y^*  =  2 q^p  -r  i. 

When  />  =  I,  or  in  a  2-pole  machine,  with  three  extra 
slots  we  get  S'  =  6  ?»  4-  3  =  2  O,  so  that  Q  =  an  integer  -1-  ^. 
This  also  has  the  effect  of  suppressing  the  tooth  or  spacing 
ripples  owing  to  the  action  of  the  coil-span  (see  footnote 
on  page  23). 

In  some  cases  it  is  found  desirable  to  make  .r^6,  that  is_ 
to  use  6  empty  slots,  but  it  must  be  remembered  that  with 
an  even  num  ber  of  pole-pairs  this  makes  two  a  common 
factor  of  S  and  /,  or  p'=p'2  and  a  =  2.  thus  giving  two 
similar  parts  and  only  half  the  maximum  number  of 
possible  positions  in  the  field  for  each  phase. 

(ii)  Use  of  unequal  coil  groups. — It  is  clear  that  when  the 
number  of  extra  slots  in  the  machine  is  an  even  multiple  of 
3,  i.e.  when  .r  =  6  n,  these  slots  can  be  wound  and  an  equal 
number  of  extra  coils  allotted  to  each  phase.  In  this  way 
the  coil  groups  in  the  several  pole-pairs  are  made  unequal. 

Taking  the  case  of  6  extra  slots  in  p'  pole-pairs,  we  get 
one  extra  coil  per  phase  in  each  circuit.     Thus  in  a  4-pole 
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nut  1  S  =  6?,  X  2  +  6=11?. +  6  slots, 

that  is  an  odd  number  of  slots  in  each  pole-pair,  which  is. 
equivalent  to  a  j-pole  machine  with  3  empty  slots,     in  one 
j^up  there  will  be  <},■  coils  and  in  the  other  <;o  +  i,  thus 
-     ■  -J.  Ji  slots  per  phase  and  pole.     This  arrangc- 
,   be  used  whenever  the   number   of   poles  is  a 
of    4.      In   general,   with  ft   extra    slots   in    the 
there  arc  in  each  phase  (/■ —  1^  groups  contain- 
ing id  one  group  with  (<;o  +  I)  coils.     According 
10  w                 =  3  fi  +  I  is  even  or  odd,  the  number  of  slot 
positions  in  the  field  is  increased  f<  or  2  f<  times. 

Generally  speaking,  unequal  coil  groups  arc  not  desirable 
in  practice,  owing  to  the  varying  m.igiietomotive  force 
from  pole  to  pole  and  the  constructional  complications. 

Example. — As  an  example  of  the  use  of  extra  slots,  we  can 
consider  an  8-poIe,  3-plia--e  machine  with  a  normal  slotting 
for  J  >lots  per  pole  and  pha^e,  i.e.  q^  ^  2.  The  total  number 
of  slots  is  then  48.  and  according  to  whether  we  make  the 


— two  usual  and  three  unusual.  All  the  latter  arc  effective  in 
suppres>ing  tooth  effects — the  suppression  in  the  case  of 
S'^i5  blots  per  pole-pair  l>eing  due  to  the  f.ict  that  the 
coil-span  differs  from  the  pole-pitch  by  an  odd  number  of 
half  slot-pitches  (see  footnote  on  page  23^ 

3.    DofBLK-LAYKR    WiNDIXGS. 

(I)  ArrangcmenI  of  DoubU-laycr  Windings. 

When  the  sides  of  the  coils  arc  in  two  layers  in  the  slots, 
one  side  of  a  coil  lies  in  the  top  layer  in  one  slot  and  in  the 
bottom  layer  in  some  other  slot,  usually  about  a  pole-pitch 
away.  Generally  alt  the  coils  are  identical  and  arranged  so 
that  they  can  be  joined  in  mesh,  by  means  of  lap  or  wave 
connections,  to  form  a  closed  winding  (sec  Fig.  8). 

The  smallest  number  of  coil-sides  per  slot  is  2,  but  .iny 
even  number  can  be  used,  the  commonest  numbers  being 
4,  6,  8,  and  10  coil-sides  per  slot.     Since  only  one  side  of  a 
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mean  coil-span  equal  to  the  p<ile-pitch  or  to  5/ftlhs  of  the 
polc-pitv-h,  we  get  a  3-  or  6-phase  winding,  so  that  a  3-pliase 
winding  with  four  or  eight  circuits  per  phase  respectively 
i»  possible. 

When  extra  slots  arc  used,  we  get  the  following  alterna- 
tive 
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coil  has  a  place  in  cither  l.iyer,  the  2  r  radians  need  only  be 
divided  into  N  equal  parts — one  part  being  allotted  to  each 
pli.ise.  In  this  case  the  phase-spread  <r=r2ir/N  radians. 
When,  however,  a  commutator  is  not  used,  it  is  usual  and 
better  to  divide  the  2  r  radians  into  2  K  parts  and  so  reduce 
the  phase  spre.id  lo  2  ir/2  N  =  ir/N,  as  in  a  single-layer 
winding,  in  order  lo  obtain  the  larger  output. 

Ill)  /'/i(i>f  tnf-pings  off  clcsdi  viniiing\.—\iy  observing  the 
loiiditions  developed  in  Kqiiations  (2)  and  (3)  it  is  possible 
to  obtain  a  lap  or  wave  winding  having  <i  similar,  sym- 
metrical polyplia'-c  windings  111  cacli  of  which  the  sum  of 
the  phase  angles  between  the  pressures  is  2  ir  radians  and 
the  resultant  pressure  is  zero.  Consequently  the  coils  can 
be  joined  in  nicsh  to  form  a  closed  winding,  and  according 
to  the  relation  between  the  number  of  coils  and  the  pilch 
between  successive  coils,  the  ii  systems  can  be  m.ide  inde- 
pendent of  one  another  or  can  be  interconnected.  (To  join 
the  coils  III  mesh,  Ihe  finish  of  one  coil  is  joined  to  the  start 
of  the  successive  coil  until  the  winding  closes  I 
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Permanent  connections  to  a  closed  winding  take  the 
form  of  tappings — the  corresponding  equipotential  points 
in  each  of  the  a  systems  being  connected  together  to  place 
the  latter  in  parallel.  Each  point  where  a  closed  winding 
is  tapped  makes  connection  with  the  start  of  one  phase  and 
the  finish  of  another. 

In  what  follows,  only  one  of  the  a  similar  polj'phase 
systems  need  be  considered,  and  again  a  circle  will  be  used 
to  represent  the  commutator  bars  or  joints  between  the 
coils  forming  the  field  displacement  of  2  tt  radians.  This 
circle  has  then  to  be  split  up  to  form  the  N  phases.  Pres- 
sures can  be  tapped  off  a  closed  winding  in  two  ways  : 
(i)  polygon  tappings  ;  (ii)  diametral  tappings. 

(i)  Polygon  tappings. — For  an  N-phase  system,  the  circle 
is  simply  divided  into  N  equal  parts  by  means  of  N  equi- 
distant tappings,  and  the  loads  are  placed  across  adjacent 
tappings.  Tappings  taken  off  a  closed  winding  in  this  way 
can    be   conveniently   called   "  polygon "   tappings.      The 


d  is  the  common  way  of  loading  a  rotary  converter  with 
6  slip-rings. 

It  is  easily  shown  that  the  method  of  diametral  load- 
ing of  a  closed  winding  yields  the  same  output  as  is 
obtained  from  an  open  winding  with  a  phase-spread 
of  tt/N. 

(6)  Open  double-layer  windings. — If  a  commutator  is  not 
used,  the  windings  in  Fig.  4  caij  be  opened  at  the  points 
tapped,  as  shown  in  Fig.  6,  where  the  top  coil-sides  are 
indicated  by  full  and  the  bottom  by  dotted  lines.  Each 
phase  has  now  its  own  start  and  finish  and  can  be 
loaded  independently,  or  the  phases  can  be  interlinked 
in  star  (the  original  closed  winding  with  polygon 
tappings  is  the  mesh  connection  in  Fig.  4)  ;  but  the 
phase-spread  and  phase-pitch  remain  unaltered,  that 
is,   <r=:,3  =  2  tt/X. 

When  full-pitch  coils  are  used,  it  is  seen  from  Fig.  6  that 
phases  r  and  r  -f-  J  X  overlap  completely  when  N  is  even, 
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Fig.  5. — Diagrammatic  arrangement  of  closed  double-layer  windings  with  full-pitch  coils  to  obtain  N  phases  with 

phase-spread  u  =  ;r,  by  means  of  diametral  tappings. 

(<j)  lo  (c)— Hemisymmetrical  systems  (0  =  ir'N).  (d) — Symmelrical  system  (/3  =  2  ir/N). 


angular  phase-pitch  /3  is  then  equal  to  the  angular  pha-e- 
spread  a,  that  is,  li  ^  a  :=  2  tt/N. 

In  this  way  it  is  possible  to  obtain  any  symmetrical 
N-phase  system  of  pressures,  as  shown  in  Fig.  4.  The 
pressures  and  currents  in  such  a  system  are  thus  those  in 
a  mesh-connected  system. 

(ii)  Diametral  tappings. —  Here  the  winding  is  tapped  at 
twice  as  many  points  as  the  number  of  phases  required,  and 
each  load  phase  is  formed  by  placing  two  opposite  wind- 
ing phases  in  parallel  by  means  of  diametral  tappings. 
Thus  for  an  X-phase  load,  we  have  2  X  tappings — two 
exclusivelj'  for  each  phase. 

The  angle  between  successive  load  phases  is  then 
2  ir/(2  N)  =  tt/X  radians,  so  that  the  hemisymmetrical 
systems  in  Fig.  5  {a-c)  are  obtained.  When  X  is  odd, 
however,  the  system  can  be  loaded  symmetrically  by  con- 
necting the  phases  as  shown  in  Fig.  5  (d) — thus  diagram 


whilst  two  phases  half  overlap  whenever  N  is  odd.  It  is  . 
much  better,  however,  to  halve  the  phase-spread  in  order 
to  obtain  a  larger  output  with  the  same  number  of  phases 
in  the  load.  To  do  this,  the  2  ir  radians  are  divided  into  2  X 
parts,  thereby  making  the  phase-spread  a  :=  2  7r/(2  X)=  WX, 
and  the  two  parts  which  completely  overlap  are  joined  in 
parallel  or  series,  as  desired,  to  form  a  single  phase.  This 
is  always  possible,  since  2  X  is  always  even.  To  join  the 
two  equal  and  opposite  parts  in  series,  either  both  finishes 
or  both  starts  must  be  joined  together  ;  whilst  to  join  them 
in  parallel,  the  start  of  one  must  be  connected  to  the 
finish  of  the  other,  and  conversely.  The  windings  thus 
obtained  are  represented  diagrammatically  in  Fig.  7,  and 
it  is  seen  that  with  full-pitch  coils  any  hemisymmetrical 
system  whatever  can  be  obtained  in  this  way,  but  a 
symmetrical  system  is  only  obtainable  when  X  is  odd. 
Thus,  by   opening  a   double-layer   winding  at  2  X  equi- 


38 


SMITH:   THE  THEORY   OF   ARMATURE   WINDINGS. 


distant   points,  an   N-phase   system 
pha!>e-spread  equal  to  WN  radians. 


is   obtained    with   a 


(11)  Connecting  Rules  for  Clofed  Windings. 

Whereas  single-layer  windings  are  solely  used  for  obtain- 
ing   an    N. phase    system   of   pressures,  the  doubk--laycr 


When  no  commutator  is  needed,  an  open  winding  with 
a  narrow  phase-spread  is  used,  and  though  it  is  customary 
to  have  the  same  winding  pitches  as  with  a  closed  winding, 
this  is  not  necessary. 

There  are  two  common  modes  of  connecting  up  the  coils 
of  doublc-l.iycr  windings — the  lap  type  of  connection  being 
used  when  successive  coils  a  and  b  lie  under  the  same  pole- 
pair,  and  the  wave  when  they  lie  under  adjacent  pole-pairs 
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Fio.  6. — Diagrammatic  arrangement  of  open  double-layer  windings  with  full-pitch  coils  to  obtain  N  symmetrical  phases 

with  wide  phiLie-spread  (a  =  3  jt/N). 
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•IMS  of  tappings. 


(sec  Fig.  8),  In  order  to  obtain  a  closed  winding,  the 
total  displacement  in  the  fiild  must  be  a  multiple  of  2  tr 
radians  («ce  Kqiialion  i).  In  cases  where  the  number  of 
coil-Mdci  per  slot  m  i<  greater  than  3,  for  the  purpose  of 
connecting  up  the  coils  we  can  imagine  there  arc  as  many 
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slots  as  there  are  coils  or  commutator  segments,  i.e.  we 
make  S  =  C.     Equation  (2)  then  becomes 

C  1//  ^  2  7r  a 

and  ^  =  fi        (') 

7       P 

where!//  is  now  the  phase  displacement  between  successive 
coils  when  u  =  2,  and  7  the  angular  pitch  of  the  com[nutator 
segments  (or  joints)  or  of  the  slots  when  i*  =  2. 

The  number  of  joints  or  segments  between  successive 
coils  in  the  winding  is  called  the  commutator  pitch,  and 
will  be  denoted  hy  y^ ;  thusy^  must  contain  an  exact  number 
of  commutator-bar  pitches  y. 

Though  this  formula  enables  us  to  deduce  the  rules  for 
closed  lap  and  wave  windings,  i.e.  windings  in  which 
Se=o,  so  that  no  circulating  currents  of  fundamental 
frequency  can  How,  it  does  not  follow  that  such  windings 
will  have  similar  parts.  When  we  apply  the  conditions  for 
obtaining  a  similar  circuits  per  phase  with  the  actual 
number  of  slots  S  =  2  C/u — for  either  a  continuous  or 
alternating  pressure — wc    shall  find    that   the    number   of 


Hence  in  a  closed  wave  winding,  a=:pyc  —  C,  so  that  a 
can  be  greater  than,  equal  to,  or  less  than  p. 

It  is  easy  to  see  that  the  H.C.F.  of  C  and  y^.  determines 
the  number  of  independent  windings  on  the  armature  with 
either  lap  or  wave  connections. 

(Ill)  Coiidilions  for  obtaining  Symmetrical  Lap  and 
Wave   Windings. 

The  conditions  for  obtaining  closed  lap  and  wave  wind- 
ings are  set  forth  in  Equations  (7)  and  (8),  whilst  the 
conditions  for  obtaining  a  similar  circuits  are  given  in 
Equation  (3).  We  must  now  combine  these  to  find  the 
conditions  for  obtaining  symmetrical  lap  and  wave  wind- 
ings. To  get  a  closed  winding,  the  resultant  of  the  vector 
diagram  is  merely  a  closed  figure  subtending  2  Tra  radians 
at  the  centre,  whereas  in  a  symmetrical  winding  there  are 
a  similar  polygons  in  the  resultant  diagram,  each  sub- 
tending an  angle  of  2  ?r  radians  at  the  centre.  It  is  only 
vvlien  the  winding  is  symmetrical  that  there  are  a  coils 
which  are  always  at  the  same  potential,  and  which  there- 
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Fig.  8. — Double-layer  windings. 

(a)  Coils  of  double-layer  wmtlings.        (6)  Lap  connection.        (c)  Wave  connection. 


symmetrical    windings   obtainable    is   much    smaller  than 
the  number  of  closed  windings. 

(a)  Closing  rule  for  lap  windings. — With  the  lap  connec- 
tion, the  finish  of  one  coil  is  jomed  to  the  start  of  anotiier 
under  the  same  pole-pair,  so  that  the  angle  ygf  between 
succe^sive  coils  on  the  armature  is  equal  to  the  phase 
displacement  \j/  between  them.  Applying  y^y^\f/  to 
Equation  (6),  we  get 


if/ a 

y     P 


(7) 


or  a  =  Vc  /i  =  />,  2  />,  3  />,  etc. 

Thus  a  closed  lap  winding  can  be  obtained  by  making 
a  a  multiple  of  the  number  of  pole-pairs  />. 

(6)  closing  rule  for  wave  windings. — With  the  wave  con- 
nection, the  finish  of  one  coil  is  joined  to  the  start  of 
another  under  the  next  pole-pair,  so  tuat  the  angle  i<:  y 
between  successive  coils  on  the  armature  is  equal  to  2  ir  +  i//. 
Applying  Vc  y  =:  2  ?r  +  i//  to  Equation  (6),  we  get 

2Tr  ±\l/  _2  IT  ,4' 
7  r  ~? 

_C_^a_  C±a 

~P~P~    P 
where  Cy^  2  iz  p,  when  we  make  S  =  C. 


yc  = 


(8) 


fore  can  be  properly  joined  together  by  means  of  an 
equalizing  or  slip-ring  or  by  a  commutator  brush. 

{a)  Symntilrical  lap  windings. — In  Equation  (7)  it  is  seen 
that  a  can  be  any  multiple  of  ^  in  a  closed  lap  winding, 
whilst  in  Equation  (3)  it  is  seen  that  pja  must  be  integral 
in  order  to  got  a  like  parts.  The  only  value  of  a  which 
satisfies  both  ihese  equations  is  obviously  a  =  p.  Further, 
since  the  number  of  slots  in  each  of  the  a  parts  must  also 
be  integral,  we  must  have  S/ii  =  Sip  a  whole  number,  i.e. 
there  must  be  a  whole  number  of  slots  per  pole-pair. 

Hence  it  is  only  possible  to  obtain  a  symmetrical  lap 
winding  with  as  many  similar  parts  (or  circuits)  as  there 
are  pole-pairs  and  with  a  whole  number  of  slots  per 
pole-pair,  or 


and 


S'  = 


/.'  =  ! 


(9) 


where  «  =  S'  =  any  integer. 

The  number  of  coil-sides  per  slot  in  a  symmetrical  lap 
winding  ii  not  restricted  in  any  way,  provid  ;d  that  we 
make  C  :=  ^  «  S,  i.e.  avoid  idle  coils. 

The  a=p  equipotential  joints  or  segments  to  be 
connected  together  at  an  equalizing  or  slip-ring  are  equi- 
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di'Tnnt    from    one  another    on    the    periphery,  and   the  |  The   condition    that    p'=pla  and   C/S  must   have   no 

;                           V  =  ^'t-  '  common  factor   greater  than  unity  at  once  restricts  the 

.  -  ,  ..iticulars  are  summarized  in  Table  2,  whilst  1  number  of  segments  per  slot  C/S  that  can  be  used  with 

illustrative  examples  arc  given  in  sub-section  (VI  '•  given  numbers  of  poles  as  shown  below. 


Hole-pairs  p' 


per 


any 


Stgmenis  per  Slot  in  Symmetrical  Wave  Windings. 


7  5.7. 


«.3.  5. 
7 


I  to . 
6  to  I 


1.5.  7  :  ito6,      1,3,5,  I  «.a.4. 

8       I      7  5,7.? 


10 


I      11 


11 


,3,7       any       1,5,7 


j/  \iavc  xLindings. — In  Equation  (8),  the 
;  ch  in  a  closed  wave  winding  v.  =  (C  ±  a)lp, 
whence  wc  get  the  possible  number  of  coils  C  ^  p  y,  +  a. 
Since  there  arc  to  be  no  idle  coils,  i.e.  the  segments  per 
slot  C/S^k/2,  we  can  write  for  the  number  of  slots  in  a 
closed  wave  winding 

~  u/2      C/S      C/S  —  C/S' 
Dividing  throughout  by  a,  we  get 

a       a    C/S  — C/S" 

Intro(jiicii)^  the  conditions  of  symmetry  irom  Equa- 
tion (31  to  obtain  a  identical  S'-phasc  systems,  we  must 
have  S'  ^  S/a  and  p'  =  pja,  that  is,  S/a  and  pja  must  both 
be  integers,  or 

C/S  —  C/S" 


S=^'^'^.: 


Now  by  the  ordinary  fulcs  of  division  we  can  write 


c%  =  "  +  cjs  ''^ 


c  , 


where  n  is  any  integer  and  x  is  an  integer  less  than  C/S. 
Substituting  for  y„  wc  then  get 

^■=j;s("s+^)±c/s 


C/S 

=  /•■"  +  p 
=  P'I  + 


C/S  —  C/S 


C/S 


{p'x±i) 


(10) 


To 


nfitain    a    symmetrical    wave   winding,   then,   this 

must  be  a  whole  number.     Now   clearly  p'  u 

I     lirii,  1-,  for  S' to  be  an  integer,  ^' jr  +  i  must 

by  C/S.     This  will  be  obviously  im- 

i       "•"    "   •nil.  I  j-    or  *  and  C/S  have  a  common  f.ictor 

gtcalcf   than  unity,  for  llicn   *  ' 

rlrrk' ,ti,iti..((,r    fli.n 


wciiild    liavc  a   smaller 


The  above  table,  then,  shows  the  number  of  coil-sidcs 
per  slot,  u  ^  2  C/S,  up  to  16,  possible  with  any  number 
of  poles  up  to  24  in  a  symmetrical  wave  winding. 

To  examine  the  restriction  that  x  and  C/S  must  have  no 
common  factor  >  i,  let  us  write 

Qg(/''-'-,  +  r)  =  A   and    ^(^'.v,— i)=  B, 

where  x,  and  .v,  must  be  values  of  .»  which  have  no  common 
factor  with  C/S  greater  than  unity,  and  which  make  A  and 
B  whole  numbers.  We  can  now  determine  A  and  B  and 
.Vi  and  .«,  as  follows  : — 

Since  A  and  B  are  integers,  A  -(-  B  ^  »-(c  ('■  +  •'"»)  i>"st 

be  integral.  Now  p'  and  C/S  have  no  common  factor  >  i, 
therefore  v,  +  x,  must  be  divisible  by  C/S.  But,  by 
assumption,  .t ,  and  .v,  are  each  less  than  C/S,  so  that  their 
sum  must  be  less  than  2  C/S  ;  hence  it  is  only  possible 
to  have  v,  +  t, ^C,'S.  Substituting  for  a,  +  .v„  we  get 
A+  B  =  f. 

Inserting  A  and  B  in  Rqu.ition  (10),  and  disregarding 
any  difference  between  n  and  n  -^  1  (since  n  can  be  any 
integer), 


S'=/.'M-|- A, 

or 

f 

H  +  B 

=  /•■"  +  A, 

or 

f 

(»i  -f  I)  — A 

=  /■'  "±A 

=  /■•  ri  ^  B 

Since  />'  n  +  A  gives  the  same  series  of  numbers  as  p'  n  —  B, 
and  p'  n  —  A  the  same  series  as  p'  n  +  H,  we  can  write  for 
the  number  of  slots  in  a  symmetrical  wave  winding 


S'  =p-  II  ±  K 


(II) 


where  K  =  A  or  B,  according  to  which  value  wc  choose 
to  give  it.  Ill  what  follows,  for  the  sake  of  simplicity  we 
shall  always  make  K  equal  to  the  smaller  of  these  two 
integers. 

Wc  now  draw  up  the  following  table  for  v,  and  .1,  for 
given  values  of  C/S. 


i;. 

i,=:C/S,  and 

*„  X,  and  C/S  have  no  Co 

mmon  Ftutor 

greater  than 

Unity. 

1 

>                      3                      «                      » 

t 

1  and  5 

1 

1  and  6 

2  and  5 

3  and  4 

n 

M,  and 

d  I 

1  and  t      1      1  and  2 

1  and  3 

1  and  4 

2  and  3 

1  and  7 

3  and  5 
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This  enables  us  to  evaluate  K  for  given  values  of  p'  and 
C/S,  for  we  have  only  to  work  out  A  and  B  and  tabulate  the 
lower  value.  The  spaces  denoted  by  a  dash  are  the  im- 
possible cases  of  C/S  with  particular  values  of  />',  as  given 
by  Equation  (lo)  and  already  determined. 


Value  of  K 

n  Equatioi 

(ii). 

Values  of  p'  =  pja 

1 

2 

3 

s 

6 

7 

8 

9 

10 

11 

12 

I 

I 

J 

I 

I 

I 

I 

I 

I 

I 

I 

Vi 

2 

I     - 

- 

2 

- 

3 

- 

4 

- 

5 

- 

o 

^ 

I 

2 

- 

2 

3 

- 

3 

4 

- 

o 

4 

- 

- 

I 

-!  2 

- 

2 

- 

3 

- 

E/1 

I 

I 

- 

I 

.3 

3 

2 

- 

2 

s 

3 

6 

- 

- 

I 

- 

I 

- 

- 

- 

2 

- 

> 

7 

I 

2 

I 

- 

I 

4 

3 

3 

s 

** 

2 

I 

I 

4 

Having  found  S'  in  this  way,  S  =  S'  a  for  any  value  of  a. 

Table  3,  showing  the  number  of  slots  and  coil-sides  per 
slot  in  symmetrical  wave  windings  can  now  be  drawn  up 
and,  wherever  possible,  the  designer  should  adhere  strictly 
to  these  conditions. 

The  following  example  will  illustrate  how  K  is  deter- 
mined. Let  /''=4  and  C/S  =  3.  Then  A -f  B  = />' =  4, 
and  .Vi  +  .r,  =  C/S  =  3.  The  possible  values  of  .r,  and  .v, 
are  i  and  2.  Taking  .v,  =2,  then  A  =  J(4X2-|-i)  =  3; 
and  taking  .r^  =  i,  B  =  J  (4  x  i  —  i)  =  1.  We  thus  take 
K=B^i,  and  get  for  the  possible  numbers  of  slots 
S'  =/>'  «  ±  K  =  4  ;/  +  I,  as  shown  in  Table  3. 

If  a  =  I,  as  in  the  common  wave  winding,  then  />'=/)  =  4, 
and  S'  =:  S.  Thus  the  total  number  of  slots  in  an  8-pole 
machine  vi'ith  a  s\'mmetrical  wave  winding  and  6  coil-sides 
per  slot  is  S  =  4  H  +  I. 

Similarly,  if  n  =  2,  then  /  =  />' (1  =  4x2  =  8;  and 
S:=a  S' =  2  S' :=  2  (4  H  +  i)  =  8  »  ±2.  In  this  way, 
Table  3  has  been  drawn  up  for  machines  with  any  number 
of  poles  up  to  24  and  any  number  of  coil-sides  per  slot  up 
to  16. 

The  potential  pitch,  j>  =  C/ci.  Each  tapping  forms  the 
start  of  one  phase  and  the  finish  of  another.  With 
diametral  tappings,  these  two  phases  are  equal  and 
opposite,  so  that  the  current  divides  equally  between  them. 
In  this  way  each  tapping  represents  two  parallel  circuits, 
so  that  tapping  a  points  by  means  of  a  commutator  brush 
or  a  slip-ring  makes  connection  with  2  a  circuits.  This 
only  holds,  however,  for  the  case  when  the  phases  are- 
taken  over  180°,  as  w^th  diametral  tappings  or  in  a 
continuous-current  machine,  and  corresponds  with  the 
case  of  a  single-layer  winding,  where  a  3-phase  winding 
with  2  a  circuits  per  phase  is  obtained  by  joining  in 
paraUel  the  equal  and  opposite  phases  of  a  6-phase 
winding. 

(IV)  Conditions  for  obtaining  Symnuirical  N-pliase  Lap  and 
Wave  Windings. 
The  conditions  for  obtaining  a  symmetrical  N-phase 
system  of  pressures  given  in  Equation  (4)  show  that  we 
must  have  a  symmetrical  winding  where  S'  is  exactly 
divisible  by  N  and  />'  =  j;  N  ±  i. 


(a)  Symnielrical  N-phase  lap  windings.— In  a  symmetrical 
lap  winding,  />'  =  i,  so  that  />'  =  ;i  N  +  i  is  always  satisfied 
in  a  symmetrical  N-phase  lap  winding. 

Further,  in  a  symmetrical  lap  winding,  S'  =  S//>  (Equa- 
tion 9),  hence  to  obtain  a  symmetrical  N-phase  winding, 
S'/N  =  Slip  N)  must  be  a  whole  number,  or  the  number  of 
slots 

S  =  N/';( (12) 

This  condition  for  3-,  4-,  and  6-phase  lap  windings  is 
entered  in  Table  2. 

Though  this  condition  is  apparently  so  simple,  it  is  easy 
to  leave  it  unsatisfied  by  ignoring  it.  For  example,  if 
we  have  a  rotary  converter  with  Clp  =  ()6  segments  per 
pole-pair  and  u  —  6  coil-sides  per  slot,  we  shall  liave 
Sip  =  2  Clip  u)  —  96/3  =  32  slots  per  pole-pair.  This  is  not 
exactly  divisible  by  6,  so  that  the  6-phase  pressure  will  not 
be  symmetrical.  With  2  or  4  segments  per  slot  (li  =  4  or  8), 
however,  a  symmetrical  6-phase  pressure  is  obtained. 

(6)  Symmetrical  N-phase  wave  windings. — With  wave 
windings,  both  /'  and  S'  are  subjected  to  restrictions  when 
we  require  an  N-phase  system. 

(i)  Kiimber  of  poles. — The  only  symmetrical  wave  wind- 
ings from  which  a  symmetrical  N-phase  system  of  pressures 
can  be  obtained  are  those  where  />'  =  h  N  ±  i.  These  are 
shown  in  Table  i,  and  the  , impossible  cases  are  denoted 
by  a  dash  in  Table  3.  The  same  result  can  be  obtained 
from  the  condition  that  S'/N  must  be  integral,  for  obviously 

N       N     C/S-N     C/S 

can  only  be  a  whole  number  when  />'  and  N  have  no 
common  factor  greater  than  unity. 

(ii)  Number  of  slots.— To  find  what  numbers  of  slots  in 
a  symmetrical  winding  are  exactly  divisible  by  N,  we  can 
re-write  Equation  (11)  for  S'  thus  : 

S'  =p'  n±  K  =  p'  n'  ±(p'  n"  ±  K), 

where  n  =  n'±n".  Let  n'  and  n"  be  chosen  so  that 
n'  =n"'  Nand/>'  n"  ±  K  =  A  N,  where  n'"  and*  are  whole 
numbers.     We  can  tlien  write  Equation  (n)  in  the  form 

S'=  /.'Nh'"  ±AN=/>'N;;±*N, 

where  S'.'N  =  /'  «  ±  /;  is  clearly  a  whole  number  (n'",  being 
merely  a  number,  can  be  replaced  by  ;;)•  I"  this  way  we 
get  the  values  of  S'  which  are  divisible  by  N,  and  for  the 
total  number  of  slots  we  have 


S  =  aS'  =  ap'N  n±akN 


(13) 


In  this  equation,  then,  A-  N  =  />'  n"  ±  K  is  merely  a  value 
of  S'  divisible  by  N.  For  the  sake  of  convenience,  we 
shall  always  take  A  N  as  the  lowest  value  of  S'  divisible 
by  N. 

To  show  how  the  values  of  S  f or  N  =  3,  4,  and  6  are 
obtained  in  Table  3,  we  can  work  out  an  example.  Let 
/>'=3,  a=3,  and  N=4.  For  p'=3  we  see  S'=3  »±i,  and 
the  lowest  value  of  this  divisible  by  N  is  A  N=3  x  i±i=4- 
Hence  the  numbers  of  slots  that  can  be  used  in  a  sym- 
metrical 4-phase  wave  winding  with  p'  =3  and  li  =  3  are 

S  =  fl  />'  N  ;;  ±  a  *  N  =  3  X  3  X  4  "  ±  3  X  4  =  3f"'  ±  12. 
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Pcrmii>tbU  Sumbers  of  Slots  and  Coil-siJes  per  Slot  in  Lap  and  Wave,  DouhU-layer  Windings  to  obtain 
(1)  "  a  "  Similar  Parts  or  Circuits,  (ii)  A'  -=  3,  4,  or  6  Symmetrical  Phases. 

Table  a.—I^p  UUm/tngs. 


r 


fr* 


.r  ul 

Number  of  SioU,  S,  In  Uachlpc  wbca 

...  .'....lllBC 

H-S 

N.« 

Ne6 

/>" 

3^" 

•4/" 

<tpn 

Coil  sides 
per  Slot 


«S/2 


.itor  Pilch  :  y,  =  i;  Poteaiial  Pilch  :  y^^Cip;   Pnasc  Pilch  :  >,»  =  C'(^N);  1,0  idle  cjiU  pitmi  siM,- 

ri  ^  any  integer. 

Taulk  3,— WatY  Windings. 


Polc-PAirs     I 


4  "  ±  ' 

5  "  ±  • 
5"±2 

6n  ±  1 

7  n  ±  ' 
7  n  ±  2 

7  "  ±  3 

8n±  I 
8n  ±3 

9  "  ±  • 
9  "  ±  J 
«>  "  ±  4 

ion  ±  I 
lon±3 


n  B  ±4 
""±5 

l»w-*-  I 


Pcrmiaftibic 
Coilndi*  i<r  Slot 


any  even 

number 

3,  6,  10,  14 


2,4,  8,  10, 14,  16 

3,  6,  10,  14 

2.8.  12 

4,  6.  14,  16 

2,  10,  14 


2,  12.   1 

6.8 

4. 

10 

2, 
6, 

"4 
10 

2. 
8, 

16 
10 

4< 

'4 

2 
<l,   14 

2 
l'>.  12 
«.  14 

6.  16 

4 

2 
10,  14 


Number  of 
Sm.il..r  Parll 
In  WindiQj; 


Number  of 
I'lilc  pjim 
io  U;i.  hine 


I 
P 

2 

4 

6 

8 

10 

12 

3 

6 

q 
12 


s 

10 

5 
10 

6 
12 

7 
7 
7 

8 
8 

«) 
9 

') 

10 
10 

1 1 
1 1 
1 1 
1 1 
1 1 

12 
13 


Number  of 

.Mi>t> 

io  Ua^'hioe 

S  =  S'a 


>l 
/•" 

2  II  ±  1 

4  "  ±  2 

'• "  ±  3 

8"  ±4 

I  o  II  +  5 

1 2  »i  -»-  6 


3"  : 
(tn 


9"  ±3 
1 2  >i  ±  4 

4  "  ±  1 
8»i  ±  2 

'  2  "  ±  3 

5  "  ±  ' 
1 1 '  II  ±  2 

S  "  ±  2 
10  n  ±  4 


fi  11  • 
I  2  n 


7  "  ±  2 

7"  ±  3 

8fi  ±  I 
8"±3 

•> "  ±  ' 
i)n  ±  2 

9  "  ±  4 

I  o  »i  ±  I 
ion  ±  3 

I  I  II  ±  I 

I  I  11  ±  2 
H  n  ±  3 

I I  It  ±  4 

< '  "  ±  5 
120  +  1 


Ximiber  of  Slot*,  S,  in  Uachiih  h< 


K  =  S 


3" 

ypn 

6  II  ±  3 
1 2  n  ±  6 
'8n  ±  9 
24  1  ±  12 
30  n  ±  15 
3611  ±  18 


■-  "  ±  3 

24  "  ±  t) 

3^  "  ±  9 

1 5  fl  ±  o 

30 II  +  1 2 

«5"±  3 

30  M  ±  6 


21  II  ± 
21  II  ± 

21  II  ± 

24  'I  ± 
24  II  ± 


30  n  ; 
3""  : 


33  "±12 
3^"±  9 
33  "  ±  3 
33''  ±  «.S 
33 ''±   <> 


N-4 


4" 

4/'" 


^^ 


I2»t  + 
24  I  ± 

•;6  n  ±  12 
48  II  ±  16 


20  n  +  4 
40  n  ±  8 
20  It  Hh  8 
40  II  ±  x6 


28  II  ±  8 
28 II  ±  1 2 
28  II  -1:    4 


3611  ±  8 
3611  ±  16 
36  n  ±    4 


44  "  ±  •* 
44  n  ±  20 
44  "  ^  8 
44  "i  4 
44  "  ±  «6 


611 

(ipn 


30  n  +  6 
60  H  ±  12 
30  11  ±  I  2 
60  «  ±  24 


42  n  ±  6 
42  II  ±  12 
42  n  ±  18 


66"  ±  12 
fi^i  n  ±  24 
(iftn  ±  30 
«>n±l8 
«ni-«-    A 


Number  01  l:  »l*  1 


Pi,., 


N.B.— «« 


i.S/2  ;  C-iiiimuiatoi  P.ich  :  y,  =(C±u);^  ,   I'ouniMl  Pitch  :  v,  =  <-  ,i 
y^«  «  *./,o  N(  ;  HO  idle  lOiN  pcrnii>Mlilc  ;  n  =  any  inlc)jcr. 
I  (Icnoicn  the  ctinmicn  wave  wiiiihnj; :  i.e.  y,  =  (C  ±  1)/^. 
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Attention  may  be  drawn  to  the  fact  that,  despite  the 
restrictions  on  the  number  of  poles,  it  is  possible  to  obtain 
a  symmetrical  N-phase  winding  in  most  cases,  though  a 
modification  in  the  design  may  be  necessary.  Thus,  when 
a  static  balancer  is  to  be  used  it  is  more  important  to 
have  the  N  phases  symmetrical  than  to  insist  on  making 
N  =3  or  N  =4.  Consequently  with  a  4-pole  wave  wind- 
ing we  ought  to  make  N^3;  whilst  with  a  6-pole 
-winding  we  should  make  N  =  4.  When  it  is  important 
to  obtain  a  symmetrical  N-phase  winding-  on  a  machine 
with  a  large  number  of  poles,  it  is  often  essential  to  alter 
the  number  of  poles  ;  for  example,  with  />  =6,  we  can  do 
nothing,  but  by  making  />  =  5  or  7,  we  can  get  symmetrical 
3-,  4-,  or  6-phase  pressures. 

Similarly,  it  is  necessary  to  select  the  number  of  coil- 
sides  per  slot  suitably  to  make  the  N  phases  symmetrical. 

In  practice,  p,  a,  and  N,  are  known,  whilst  an  approxi- 
mate idea  of  the  number  of  coils  or  segments  is  obtained 
from  the  preliminary  design  of  the  machine.  Table  3 
then  shows  the  numbers  of  coil-sides  per  slot  that  are 
permissible,  whence  the  value  of  S  giving  C  ^  J »  S 
nearest  to  the  approximate  figure  can  be  determined. 

If  a  wave  winding  is  closed,  as  it  is  when  used  with 
-a  commutator,  the  phases  are  obtained  by  means  of 
tappings  connected  to  slip-rings.  When  "  polygon " 
loading  is  used,  the  phase-spread,  a  =  /3  =:  2  tt/N  ;  but  by 
doubling  the  number  of  tappings  and  loading  them 
diametrally,  the  output  is  increased  to  the  same  extent 
as  when  the  phase-spread  of  an  open  winding  is  halved. 
Diametral  loading,  however,  calls  for  no  special  treatment, 
for  the  tappings  are  merely  taken  to  correspond.  Thus, 
for  a  3-phase  diametral  load  we  need  to  take  the  same 
tappings  as  for  a  6-phase  polygon  load. 

When  a  wave  winding  is  not  used  with  a  commutator, 
as  in  the  case  of  alternators  and  induction  motors,  the 
phases  should  be  given  the  narrow  phase-spread.  This  is 
■done  by  opening  the  winding  for  2  N  phases  and  re- 
connecting the  phases  to  form  an  N-phase  winding,  as 
explained  earlier  in  this  section  and  illustrated  in  the 
iollowing  examples  : — 

(V)  Location   of  Tappings  and  Openings. 

(a)  Tappings  off  symmetrical  lap  or  wave  windings. — When 
S/a  N  is  an  integer  in  any  symmetrical  lap  or  wave  winding, 
a  symmetrical  N-phase  system  of  pressures  can  be  derived 
from  it,  and  the  points  to  be  tapped  for  the  phases  can  be 
written  down  at  once  after  determining  the  potential- 
pitch,  yp  =  C/a  segments,  and  the  phase-pitch,  y^,,  =  Cja  N 
■segments.  This  is  simply  due  to  the  fact  that  this  is  the 
■only  way  of  dividing  the  C  segments  into  a  N  equal  parts. 
Then  we  have, 

Phase  I  taps  segments  or  joints 

I  ;  1  +.»;  I  +2»;  ...  I -|-(a— i).\> 
Phase  II  taps  segments  or  joints 

I  +yM ;  I  +  )>  +yf,, ;  i + 2y^  -t-;>;, ; . . .  1 4-  (a — i  ),\>  4-_)>a 
Phase  III  taps  segments  or  joints 

I  +  2»A  ;  I  +»  -h  2y,„  ;  I  4-  2jy>  4-  2yf;,  ;...  .  (14) 
I  +  {a—i  )_)>4-  2_\> 


Phase  N  taps  segments  or  joints 

il+(N-i)_y^,;  i4-v,4-(N-i)j)>^;  i4-2_,>4-(N-i)>>,;. 

i  +  {a—i)v^  +  {N—i)Vf,,j 
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In  windings  with  one  turn  per  coil,  the  tappings  can  be 
taken  equally  well  off  the  back  of  the  winding,  and  this  is 
usually  done  in  practice  for  convenience. 

E.\amples  of  the  use  of  these  equations  will  be  found 
below. 
I  (/>)  Opened  wave  windings. — In  many  alternators  and 
induction  motors  it  is  necessary  or  desirable  to  have  a 
fractionali  number  of  slots  per  pole  and  phase,  when  the 
number  of  conductors  per  slot  is  small  or  when  it  is  desired 
to  suppress  ripples.  This  is  a  simple  matter  with  the 
double-layer  winding,  and  for  this  purpose  the  common 
wave  winding  (a  =  i)  is  eminently  suitable.  It  is  always 
best,  wherever  possible,  to  design  the  winding  for  2  N 
phases,  open  it,  and  join  each  pair  of  opposite  phases  in 
series  or  parallel  in  order  to  reduce  the  phase-spread  and 
so  obtain  the  increase  in  output,  due  to  the  higher  winding 
factor.  The  important  case  is  the  3-phase  winding,  although 
a  2-phase  winding  is  occasionally  obtained  in  this  way. 
The  number  of  coil-sides  per  slot  with  an  opened  wave 
winding  seldom  exceeds  8,  and  is  usually  4  or  6. 

When  a  =  I  (as  Table  3  shows),  it  is  only  possible  to  get 
a  symmetrical  6-phase  system  of  pressures  with  machines 
having  2,  10,  14,  and  22  poles,  which  are  of  little  practical 
importance,  although  u  is  little  restricted  in  these  cases. 
It  is  possible,  however,  to  get  a  symmetrical  3-phase  system 
for  all  numbers  of  poles  not  a  multiple  of  3,  and  we  shall 
show  how  the  narrow  phase-spread  can  be  obtained  by 
evolving  the  symmetrical  3-phase  wmdingfrom  an  unsym- 
melrica!  6-phase  winding,  a  result  which  enables  us  to  use 
the  common  series  connection.  With  a  ^  i,  and  N  =  3, 
however,  it  is  seldom  possible  to  make  u  =  4.  The  parallel 
connection  is  also  possible  by  making  a  wave  winding 
with  a  =  2,  which  gives  two  like  parts. 

These  various  points  can  best  be  illustrated  by  means  of 
the  following  examples. 

(c)  Illustrative  examples. — To  illustrate  the  points  dis- 
cussed in  this  section  we  shall  now  work  out  a  fevr 
typical  examples  to  show  how  to  locate  the  points  where 
a  winding  is  to  be  opened  or  tapped  for  phases. 

Example  1. — A  12-pole  lap  winding  has  432  coils  and 
6  coil-sides  per  slot.  Find  the  tappings  for  3-phase 
diametral  loading:  pz=a^6;  €=432;  m:=6;  and 
therefore  S  =  2  C/m  =  144. 

In  order  to  get  3-phase  diametral  loading,  we  must 
find  tappings  for  6-phase  polygon  loading.  The  potential- 
pitch,  Vp  :=  C/a  =  Cjp  =  432/6  =  72  coils,  and  the  phase- 
pitch,  r^A  =  C  a  N  =  C//>  N  =  72/6  =  12  coils.  We  can 
now  write  down  the  segments  to  be  tapped,  in  accordance 
with  Equation  (14). 

Slip-ring. 

I  taps  segments  or  joints :  i     73  145  217  289  361 

11     ,.               .,               „  13     SS  157  229  301  373 

III  „               „               „  25     97  169  241  313  385 

IV  „               „               „  37  109  181  253  325  397 
V     „               „               „  49  121  193  265  337  409 

VI     „  „  „        61  133     205     277     349    421 

For  the  diametral  load,  the  phases  A,  B,  C  are  taken 
between  the  rings  thus  : — 

Phase  A  between  slip-rings   I   and  IV. 
„       B        „  „         III     „     VI. 

„       C        „  „  V     „      II. 
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Since    S/(aX)  =  S,(/N)s=i4V(6  X  6)  =  4   is  an  iitcgcr, 
Ihc  system  of  pressures  is  quite  symmetrical. 

ExtimfU  2.—\  common  wave  wmding  (d  =  l)  has 
lo  poles,  144  coils,  and  4  coil-sidcs  per  slot.     Kind 

(«)  Tappings  for  (>-pliasc  polygon  load  ; 

ifi)  Tappings  for  jt-ph.isc  diametral  lo.id  : 

(7)  Openings  for  3-phase  winding  with  <t  =  t^lz- 

V'c  have  /•  =  5;  <J  =  i  :  0  =  144;  u=4;  and  S  =  72. 
The  commutator-pitch.  .»v=(C±  !)//•=(  i44±  0/5=^9  «>''*  '■ 
take  )',=  »>.=  »•,  =  29. 

{«)  Taf-f'ings  off  (loieJ  xcinJings /or b-phasf  polygon  load.— 
For  a  6-phase  pressure,  S  =  3on+  12  =  30  x  2+  12  =  72 
{stc  Table  3). 

The  pha>e-pilch  y,«  =  C,(i  N  =  144/')  =  24  coils,  or 
S/(j  N'i=  7; ''=  12  slots.  Therefore  wc  have  a  sym- 
metrical <>-phasc  winding,  each  phase  containing  24  coils, 
the  successive  phases  being  12  slot-pitches  apart.  The 
joints  or  segments  to  be  tapped  can  be  written  down  at 
once  from  li^quation  (14)  by  putting  a  =  i.     Thus  we  have 

Phase I      II  in  IV  V  VI 

Segment  tapped  I   i+.v,,   «+2.v,»    i+iv,»    i+4»«    •+5V/* 
I      25         49  73  97  '-' 

If  the  vector  polygon  for  the  C  coils  is  drawn,  it  will  be 
seen  at  once  that  these  arc  the  numbers  that  divide  the 
polygon  into  6  equal  parts  (see  part  (y)  of  this  example). 


the  6  points  where  it  is  tapped  for  a  6-phasc  system, 
and  phases  a  and  v  +  J  N  joined  in  scries  or  parallel  as 
desired.  We  can  represent  the  vector  polygon  of  the 
winding  by  the  simple  circle  (a)  and  the  winding  itself 
by  (6)  and  (clas  in  Fig.  7.  The  joints  to  be  opened  cor- 
responding with  the  vectors  marked  on  the  polygon  are 
shown  in  the  table,  along  with  the  positions  of  the  coil- 
sides  in  the  slots  (sec  (1/).  Fig.  9). 


Vector  No    i      Joint  No. 

1^  Cotl-lUk                  KoWr.m  C.->ll  side 
ak-i 

1 

I 

a  in  slot    i  '  »6o  1  d  in  slot  65 

25 

121 

241 

„      „    0.    21;                  53 

49 

97 

193 

M      .•     49 

164 

»      »    4» 

73 

73 

J45 

,.      .-    37 

116 

»      ..    29 

97 

49 

97 

„     ..    25 '  r.s               17 

I2t 

2.S 

,    49 

1 

„      ..     13  ,    20  ,    ..     .•      5 

1         1 

In  the  above  table  it  is  noticed  that  the  numbers  of  the 
vectors  are  the  same  as  the  numbers  of  the  joints  llicy 
represent.     Obviously  this  must  always  be  the  case  whcrt 


V\iZM 


Fio. 


fst  Vckt.'J  i«U>-gtMi 


'  ivc  winding  with  .1       I.  opened  li>  Hive  a  syuiinelrieal  3-phase 

l'ha?e-sprc.id.     (Suitable  for  series  or  p.irallel  ttmncctioii.) 
^b)  btnoijjiiiiccllon        I.)  I'jraUcI  connection.        (il)  NumberinR  o(  coll  ilda  In  » »l'>t 


To    »how    that    the    phases   are    (n"  apart,    we    know 

"•' lot-pitch    in    electrical    degrees    is    equal    lo 

-  .S  X  360^/72  =  25'  ;    hence     12     slot-pilches 
-  ■     which,   in    Ihc    field,    is    the    s.imc   as 

('  il  i».  ,?  =  2»/\=Ao«. 

■  (•  iliiiniclral  load. 
.hcn  av  in  >a\.  but 
are  renumbered  as  follows  :— 


/* 


Pha*c          

.     A 

C 

H 

A' 

t 

li 

Siip-rinK      

.     1 

11 

III 

IV 

V 

VI 

Segment  tapped    .. 

«.S 

49 

73 

97 

1  21 

■11,'      uith 
iicci  af 

C  is  exactly  divisible  by  N,  though  the  cyclic  order,  of 
course,  may  be  different. 

Since  the  slot-pitch  is  25".  it  will  be  seen  from  the  posi- 
tion of  the  coil-side  in  the  slots  that,  from  A,  lo  B.  is 
48  X  a5»«i.»oo''=  l2o^  and  A,  to  C,  is  24  x  25"'  =  Ooo* 
=  240",  thus  slu.wiiig  that  the  phases  arc  i2o°ar"f'-  '•^'"^ 
winding  has  72/1 10  X  3)  =  24  slots  per  pole  and  phase,  a 
useful  value  lu-tween  2  and  3. 

Euimf'lf  3.— A  common  wave  winding  (<»  =  '^  has 
4  poles,   135  coils,  and  '■  culsidi.-  per  slot.     Kind 

n)  Tappings  off  a  tlo^-cd  winding  for  3-phasc  polvgon 
load. 

0»)  Or  •   '     -vnimetrical    3phase    win.ling    will> 

I  .d  .if  6o*. 
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We  have  p  =  2  ;  a=i  ;  C  =  135  ;  «  =  6  ;  and  S  =  45. 
Therefore  the  commutator-pitch  Vc=(C±  i)//'=J  (135  ±  i) 
=  68  or  67.     Take  v<:  =_»  =  _)y  =  67. 

{a)  Tappings  off  closed  winding  for  yphase  polygon 
load.— Since  S  =  6  k  ±  3  =  6  x  7  ±,3  =  45  (Table  3), 
the  phase-pitches  C/(a  N)  =  135/3  ^  45  coils,  and 
S/((;  X)  =  45/3  :=  15  slots,  are  whole  numbers,  so  that 
it  is  possible  to  get  a  symmetrical  3-phase  sj'stem  of 
pressures  from  the  winding.  The  segments  to  be  tapped 
are  then  : 


\ 


Phase 
Segment 

tapped  I 


B 


I +.!>=! +45=46  ;     i+2j»A=464-45=9i 

In  the  vector  diagram  in  Fig.  10  it  is  seen  that  the  three 
vectors  with  these  numbers  are  120°  apart. 

It  is  clearly  not  possible  to  obtain  a  sj'mmetrical  3-phase 
system  from  this  winding  by  diametrical  loading,  since 
C/a  is  not  divisible  by  6. 

(/3)  Openings  for  symmetrical  yphase  winding  with  phase- 
spread  of  60°  (Fig.  10). — In  Example  2  we  obtained  a 
sj'mmetrical  3-phase  winding  with  <r  =  ^ /3  =  60°,  from  a 
symmetrical  6-phase  winding.  Table  3  shows  it  is  seldom 
possible  to  obtain  a  symmetrical  6-phase  system  ;  but,  unless 
f  is  a  multiple  of  3,  an  unsymmetrical  6-phase  system  can 
be  obtained  which  will  give  a  symmetrical  3-phase  system 
when  the  unequal  phases  x  and  .1  +  ^  N  are  joined  in 
series.  The  parallel  connection  is  inadmissible,  since 
opposite  phases  are  dissimilar.  The  present  winding  is  a 
case  in  point.  We  have  C/(ii  N)  =  135/6  =  2z\  ;  and  hence 
we  take  the  6  phases  containing  23  and  22  coils  alter- 
nately, as  shown  in  Fig.  10,  and  draw  up  the  following 
table  :— 


The  slot-pitch  is  ^  x  36o''/S  =  2 
degrees.  Hence  the  phase  displacement  between  A^  and 
Bj  is  15  slot-pitches  :=  240°,  and  between  k,  and  C^  30  slot- 
pitches  =  4S0'  =  120°.  Thus  Aj,  Bj,  and  C,  are  at  120°,  and 
we  shall  find  that  Ay,  By,  and  C/are  at  120°  also.  Thus  by 
placing  phases  I  and  IV,  III  and  VI,  and  V  and  II,  in 
series,  we  shall  get  the  symmetrical  3-phase  system  A,  B,  C. 
In  this  example  9=45/(4  x  3)  =375  slots  per  pole  and 
phase. 

Example  4. — A  wave  winding  with  <;  =  2  has  8  poles,  342 
coils,  and  6  coil-sides  per  slot.     Find 

(a)  Tappings  off  closed  winding  for  3-pliase  polj'gon  load. 
(/3)  Openings   for  symmmetrical  3-phase  winding  with 
phase-spread  of  60°. 


In   this  case  p  =  ^„a=2,  0=342,   »  =  6,and  8=114. 

Hence  ithe   commutator-pilch,  y,  = — ^=^  =  ^''  -~    =86 

P  4 

or  85.     Take  ^v  =  >•«  —y/-'  85. 

(n)  Tappings  off  closed  winding  for  -^-phase  polygon 
load.— Since  S  =  i2h4:6  =  i2  x  10  —  6  =  114  (Table  3), 
the  phase-pitch  is  C/(a  N)  =342/(2  x  3)  =  57  coils  or 
S/(a  N)  =  114/(2  X  3),=  19  slots.  Both  these  are  integers, 
showing  that  it  is  possible  to  obtain  a  3-phase  sym- 
metrical system  by  polygon  loading.  The  potential-pitch, 
>'/  =  C/ii  =  342/2  =  171.  The  segments  to  be  tapped  are 
then  written  down  from  Equation  (14)  thus  : — 

Phase  I  taps  segments  or  joints  :     i  and  172 

II         „  „  „  58    „     229 

III  „  „  „  115    „     286 

(j3)  Openings  for  symmetrical  ^-phase  winding  with  phase- 
spread  of  60°  (Fig.  11). — We   can  now  open  the  winding 


idy 


Fig.  10. — Unsymmetrical  6-phase  wave  winding  with  a  =  i, 
opened  to  give  a  symmetrical  3-phase  winding  with  narrow 
(60°)  phase-spread.     (Suitable  for  series  connection  only.k 

(rt)  Vector  polygon.  (b)  Series  connection, 

(c)  Xumbering  of  coil-sides  in  a  slot. 

and  get  a  3-phase  system  by  a  method  similar  to  that  used 
in  the  last  example.  This  case  is  often  very  useful,  as  the 
two  parts  of  the  windings  are  alike  and  can  be  put  in 
parallel — a  connection  which  cannot  be  employed  with 
common  wave  windings  when  the  phases  x  and  x  -f  ^  N  are 
unequal.  Tlius  by  making  a  ^  2  we  can  overcome  the 
restriction  met  with  in  Example  3.  The  diagrams  and 
table  are  drawn  up  below,  each  set  of  57  coils  being 
divided  into  29  and  28  alternately. 


Vector  No. 

Joint  No. 

Top  Coil-side 

Bottom  Coil-side 

.r 

b=  i-l-(.r-l)>v 

2b— 1 

1 

{.ib  —  D—yc 

I 

I 

I 

a  in 

1 
I 

600 

/in  100 

30 

72 

143 

«   ,, 

24 

58 

d  „     10 

58 

58 

"5 

^   ,1 

20 

30 

/„      5 

87 

129 

257 

i  ,. 

43 

172 

d  ,,     29 

115 

115 

229 

a  „ 

7.9 

144 

/„     24 

144 

186 

371 

<•'  ,1 

62 

2S6 

d   „     48 

172 

172 

343 

a  in 

58 

258 

/in     43 

201 

243 

485 

e  „ 

81 

400 

d  „     67 

229 

229 

457 

a  „ 

77 

372 

/  ,.     62 

258 

300 

599 

t'  ,, 

100  1 

514 

d  „     86 

286 

286 

571 

a  „ 

96  1 

486 

f  ,.     81 

315 

15 

29 

e  „ 

5  1 

628 

d  „   105 
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It  will  be  seen  that  the  starts  or  the  finishes  of  successive 
phases  arc  iq  rJot-pitches  =4  x  yw'  x  191 14  =  140° apart 
in  c»ch  jvilvpli  i'^-  •iv'^lein  Krom  each  polyphase  system, 
a  ~  ■.  ~tem  is  obtained,  and  they 

c.i  il  as  desired.     In  this  way. 

3  Similar  circuits  per  pliase  arc  obtained. 

In  this  example,  ^  =  114/(3  x  8)  =  475  *'°'^  P'-"'"  P'^'c 
and  phase. 

The  abo«-e  examples  will  be  sufficient  to  sliow  the  great 
variety  of  ways  by  which  a  symmetrical  N-ph»sc  system 
can  be  obtained  from  double-layer  windings  with  a  frac- 


sides  per  slot,  this  type  of  winding  has  many  ad\-antages 
over  the  equivalent  single-layer  winding,  but  the  pro- 
nounced spacing  and  tooth  ripples,  which  arc  always 
possible  with  a  whole  number  of  slots  per  pole,  are  not 
affected  theichy.  In  other  words,  the  use  of  wave  con- 
nectors with  a  whole  number  of  slots  per  pole  does  not 
make  the  winding  in  any  way  equivalent  to  a  winding 
with  a  fractional  number  of  tlots  per  pole. 

By  joining  all  the  coils  in  the  winding  in  series  in  this  way, 
we  get  a  winding  distributed  uniformly  over  the  circum- 
ference and  in  which  the  sum  of  the  induced  pressures 


Fig.  II.— Unsymmclrical  6-ph.xse  wave  winding  with  <i  =  2.  opened  to  give  a  symmetrical  ■^-phase 

winding  with  narrow  (60')  phase-spread.     (Suitable  for  series  or  parallel  connection.) 

(«)  Vector  polygon.       (k)  »nd  (c)  ColU  in  the  two  tlmilar  polypliaK  sy»tcms        {d)  Numbering  of  coil-sida  In  >  tlol. 


tional  number  of  slots  per  pole.    These  are  of  immense 
importance  in  alternating-current  machines. 

(Vl)  Wave  mndings  wilh  a  Whole  Sumber  0/ Slols  per  Pole. 

A  double-layer  winding  which  finds  frequent  use  in 
practice  is  the  wave  winding  with  a  whole  number  of 
slots  per  pole,  or  per  pole  and  phase,  as  the  case  may 
be.  In  this  winding,  the  pitch  between  successive  coils 
is  not  uniform,  as  in  the  ordinary  wave  winding,  connected 
I  l.inccwith  Kqii.ition(8).    The  coil-span  is  usually 

I  ,10  a  pole-pitch,  likewise  the  pilch  between  suc- 

c  i>,  and  after  every  /■  coiK,  i.e.  after  each  tour  of 

I  I y,  the  pilch  is  shortened  or  lengthened  to  miss 

the  place  already  occupied. 

Though  the  slotting  is  suitable  for  obtaining  a  nuinbcr 
of  nimilar  parallel  circuits,  this  form  of  wave  connection 
i  •'  ■  wlicre  only  one  circuit  per  phase  is  needed. 

I  ind  induction  motors  with  2,  4,  0,  or  8  coil- 


is  zero.  Consequently  the  start  and  finish  can  be  joined 
together  to  form  a  closed  winding,  from  which  a  mesh- 
connected  polyphase  system  can  be  obtained.  In  this 
wav  the  slotting  for  a  lap  winding  can  be  used  for  a  wave 
winding,  but  here  again  it  must  be  remembered  that  wc 
may  get  pronounced  ripples  in  the  pressure  curve. 

This  paper  was  written  at  the  City  and  Guilds  (En- 
gineering) College,  South  Kensington,  and  the  author  has 
to  acknowledge  his  indebtedness  to  many  friends  for 
valuable  help  and  criticism.  Mr.  B.  Hague,  B.Sc.,  a 
post-graduate  student  in  electrical  engineering,  made  the 
diagrams  and  gave  much  assistance  in  compiling  and 
checking  the  results.  The  work  on  Table  3  was  partly 
begun  ill  191 2-1 3,  when  Mr.  S.  L.  Symns  collalwrateil 
with  the  author  in  an  invest igalion  on  symmetrical  w.ive 
windings.  The  author's  thanks  arc  due  to  Professor  Miles 
Walker.  Mr.  C.  C.  Hawkins,  Mr.  R.  G.  jakcman,  Mr.  J.  \V. 
Sims,  and  Mr.  J.  T.  Irwin  for  reading  the  manuscript  and 
making  many  useful  suggestions. 
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WESTERN    LOCAL   SECTION:    CHAIRMAN'S   ADDRESS, 
By  Professor  David  Robertson,  D.Sc,  Member. 


{Aililnss  delivered  at  Biislol,  23  October,  1916.) 


When  this  address  first  began  to  loom  in  the  distant 
future,  it  was  my  intention  to  speak  a  few  words  to  you 
on  the  subject  of  research,  but  in  the  interval  so  much  has 
been  written  about  it  that  the  wind  has  been  taken  out  of 
my  sails  and  Httle  room  has  been  left  for  anything  fresh 
to  be  said  on  my  part. 

In  the  past  our  industries  were  able  to  take  a  leading 
position  in  the  world,  but  now  our  position  is  neither  so 
good  nor  so  secure  as  it  was.  In  comparison  with  our 
competitors,  do  we  now  produce  fewer  men  of  genius  than 
formerly,  or  does  our  relatively  worse  position  arise  from 
our- making  less  use  of  them  under  the  changed  conditions  ? 

A  century  ago  the  inventive  genius,  of  itself,  had  a  fairly 
free  scope,  but  in  the  industrial  world  of  the  present  day 
it  must  be  coupled  with  a  much  higher  degree  of  scientific 
knowledge  and  technical  training,  and  have  behind  it 
much  greater  material  resources  than  formerly  if  it  is  to 
make  its  influence  felt.  In  the  early  days  of  industry  the 
problems  to  be  solved  were  mainly  mechanical,  speeds 
were  low,  the  choice  of  materials  was  comparatively  small, 
and  the  duties  put  upon  them  were  moderate,  while  prices 
were  high  enough  to  permit  the  use  of  sufficient  material 
to  give  a  good  big  factor  of  safetv.  Only  the  simplest 
calculations  had  to  be  made,  and  little  scientific  knowledge 
was  necessary  beyond  that  acquired  in  the  daily  routine 
of  the  shops.  Consequently,  many  important  advances 
were  made  by  men  having  but  the  slightest  theoretical 
knowledge. 

Nowadays,  competition  requires  the  utmost  to  be  got 
out  of  each  ounce  of  material ;  higher  speeds  maj'  cause 
extra  material  to  be  a  source  of  weakness  rather  than  of 
strength  and  introduce  phenomena  the  control  of  which 
requires  the  keenest  tools  that  theory  can  supply.  The 
advent  of  electrical  transmission  has  brought  into  being 
an  entirely  new  branch  of  engineering,  ever  extending  its 
bounds,  involving  enormously  more  theoretical  knowledge 
than  the  older  branches,  and  requiring,  in  addition,  a 
clearer  insight  into  abstract  things.  On  all  hands, 
calculations  must  be  more  exact,  and  side  issues  of  little 
importance  in  the  old  days  have  now  to  be  closely  taken 
into  account. 

The  field  of  knowledge  may  be  likened  unto  a  gold  field.  1 
The  first  comers  acquire  the  surface  veins  and  nuggets 
with  comparative  ease  and  with  the  crudest  equipment  ; 
but  as  these  become  exhausted  their  successors  must 
expend  more  and  more  preliminary  labour  without  imme- 
diate result,  and  they  must  possess  more  and  more 
knowledge  if  these  labours  are  not  to  prove  altogether 
fruitless. 

In  the  field  of  research  we  are  now  far  past  the  first 
stage.  The  surface  treasures  which  Nature  has  placed 
to  tempt  our  further  search  have  mostly  been  harvested 
and  the  investigator  must   now  be  prepared  to  undergo 


a  long  preliminary  training  before  his  work  is  likely  to 
become  productive.  Consequently,  he  must  have  behind 
him  resources  sufficiently  great  to  support  him  during  this 
non-productive  period  and  to  provide  the  ever-increasing 
apparatus  and  materials  necessary  for  carrying  on  his 
work. 

We  have  every  reason  to  be  proud  of  the  advances 
made,  and  being  made,  by  our  own  countrymen  in  the 
domain  of  science,  but  at  the  same  time  I  do  not  think  we 
put  into  this  work  a  sufficient  number  of  men  of  the  right 
sort,  of  the  right  training,  and  of  the  right  temperament. 
Further,  /  do  not  believe  we  shall  ever  get  them  until  we 
offer  them  prospects  comparable  with  those  open  to  other 
professional  careers.  It  is  not  sufficient  to  depend  alone 
on  the  favoured  few  whose  circumstances  enable  them 
to  pursue  their  own  ideas  without  having  to  worry  about 
the  cost  or  about  their  bread  and  butter.  To  keep  up  the 
prosperity  of  our  country  we  must  put  the  best  brains  from 
all  classes  to  those  tasks  which  are  most  likely  to  increase 
the  common  good. 

Let  us  put  ourselves  in  the  position  of  the  father  of 
a  boy  at  school  about  to  determine  what  his  career  shall 
be.  If  he  decides  on  a  classical  one  and  the  boy  is  smart, 
he  can  see  before  him  a  long  vista  of  highly  lucrative 
posts  as  an  advocate,  judge,  government  official,  or 
administrator  in  some  business  or  professional  capacity. 
On  the  other  hand,  if  he  considers  science  he  can  see  little 
scope  bej'ond  a  verj'  few  well-paid  professorships,  rather 
more  fairly-paid  lectureships,  and  a  host  of  other  teaching 
posts  which  besides  being  underpaid  leave  but  little  time 
for  the  research  work  we  have  in  view.  A  few  advanced 
firms  do  think  it  worth  while  really  to  pay  a  scientific 
worker,  but  only  the  fortunate  few  of  those  who  try  to  find 
a  market  for  their  scientific  knowledge  in  commercial 
concerns  get  much  past  the  stage  of  a  routine  tester  at 
a  miserable  pittance  per  week.  If  he  is  specially  lucky  he 
may,  for  instance,  become  a  charge  chemist  in  a  factory 
under  a  Government  sufficiently  enlightened  to  value  his 
services  at  just  less  than  those  of  the  labourers  whom  he 
directs. 

What  wonder  then  if  the  majority  of  our  best  youths 
have  their  bent  directed  away  from  science  into  what  I 
might  call  the  verbal  professions. 

I  repeat,  therefore,  that  if  our  scientific  output  is  to  be 
increased  in  volume  up  to  our  needs  and  to  be  maintained 
at  the  high  level  set  by  our  masters  of  the  past,  our  first 
step  must  be  taken  at  the  source  by  seeing  that  the  scientific 
career  is  made  sufficiently  attractive,  in  competition  with  the 
of  her  professions,  to  induce  a  sufficient  number  of  our  very  best 
youths  to  pursue  it. 

The  scientific  side  at  school  must  be  rescued  from  the 
opprobious  name  of  ''stinks"  and  must  have  equal 
prestige  with  the  classical.     The  scientific  man  must  be 
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as  greatly  respected  by  the  public  at  large,  and  must  be  as  ! 
highly  honoured  and  as  well  paid  as  one  belonging  to  any 
of  the  other  learned  professions.  He  who  sheds  new  light 
for  our  guidance  in  the  future  deserves  as  much  kudos 
from  his  fellows  as  one  who  is  full  of  the  precedents  of 
the  past,  and  is  certainly  more  worthy  tlian  another  whose 
sole  claim  to  fame  arises  from  his  assistance  to  one  of  the 
great  political  particsin  gaining  or  retaining  a  parliamentary 
vote  for  their  own  particular  shibboleth.  ! 

Although  legislation  can  help  but  little  in  raising  science 
to  its  rightful  status,  still  it  can  do  something.  It  might, 
for  instance,  encourage  the  study  of  science  in  our  public 
schools  by  insisting  on  a  certain  minimum  of  scientific 
knowledge  in  future  generations  of  public  ofticials.  It 
would  be  unreasonable  to  ask  these  to  become  scientific 
experts,  but  a  knowledge  of  scientific  thought  would 
enable  thera  to  recognize  a  problem  calling  for  expert 
assistance,  to  appreciate  the  arguments  of  the  expert,  and 
to  assist  him  by  suggestions  arising  from  their  experience 
of  the  conditions  surrounding  the  problem.  It  would  also 
make  them  more  open  to  receive  new  ideas  and  so  would 
very  materially  case  the  paths  of  progress.  Even  in  purely 
administrative  branches  such  a  spirit  could  scarcely  fail  to 
lead  to  increased  efficiency. 

Another  thing  which  the  Government  could  do  is  to 
make  the  value  and  number  of  the  scholarsliips  open  to  the 
science  boy  somewhere  about  level  with  those  given  for 
classical  studies.  This  could  be  done  either  by  a  special 
Act  diverting  part  of  the  present  scholarship  funds  or  by 
the  Government  themselves  founding  a  suflicicnt  number 
of  new  scholarships.  Our  best  schools  cannot  be  dmgooned 
into  giving  a  large  place  to  science  against  their  wish,  but 
they  are  not  altogether  insensitive  to  the  claims  of  the 
particular  examinations  which  their  boys  must  pass  in  order 
to  take  up  their  professional  career. 

By  thus  making  the  w.iy  to  a  large  number  of  the  lucra- 
tive positions  lie  through  a  study  of  science,  we  should  very 
quickly  find  every  school  running  a  real  scientific  side,  and 
our  universities  would  then  be  able  to  pass  away  from  the 
condition  of  having  to  make  their  scientific  alumni  pass 
their  first  year  in  learning  elementary  work  wliicli  they 
ought  to  have  done  at  school. 

We  must,  however,  mainly  look  to  our  own  men  of 
eminence  to  bring  about  a  belter  state  of  things  by  con- 
tinually keeping  the  needs  of  science  before  the  proper 
innucnlial  quarters.  The  war  has  focussed  attention  on 
scientific  work  with  an  entirely  new  force.  Never  ag.iin 
must  p'jblic  opinion  be  allowed  to  forget  how  much  they 
owe  to  the  often-timcs  obscure  worker  in  the  research 
lal>oratory.  In  paiticular,  our  leading  men  must  see  that 
their  magnificent  rally  to  the  assistance  of  a  Government 
whose  "neglect  of  science"  has  been  their  perpetual 
lament,  shall  not  be  misconstrued  by  the  politician  and 
off.  'itm  their  notion   thai   scientific  men  are 

m'  '.hove  ideas  can  usuallv  be  neglected  and 

w'  'I  require  ir  agcment  or  any 

vr  ..t,  but  wli  icicc  can  always 

Ik  rare   occasions  when   it   is  useful, 

wi  I  id  indeed  almost  without  the  trouble 

of  having  to  a»k  for  it. 

In  »hori.  our  bc*t  men  rnu»t  make  the  (lovcrnmcnt 
appreciate  (he  value  of  their  services,  and  the  only  way  to 
do  (hat  is  lo  *cc  thai  «uch  ncrvicci  are  paid  for.     Kvcn  in 


these  times  the  "  patriotic  "  politician  himself  insists  on  his 
price  before  agreeing  to  some  re-arrangement  which  has 
become  desirable  in  the  national  interests,  while  those  who 
in  other  lines  work  for  the  country  "on  the  b.isis  of  pure 
patriotism  "  seem  to  grow  wondrous  fat  in  the  process.  In 
fact,  if  we  are  to  judge  by  the  actual  payments  made  by  the 
Government,  a  single  buyer  of  timber  or  contractor  for 
army  huts  is  worth  far  more  to  the  country  than  several 
universities  of  scientific  men. 

One  of  the  great  difficulties  in  the  way  of  scientific  men 
reaping  the  due  reward  of  their  labours  arises  from  the  fact 
that  the  benefits  of  their  discoveries  arc  seldom  imme- 
diately tangible,  while  at  the  same  time  they  are  open  to 
the  whole  of  mankind.  What  reward,  for  instance,  did 
Far.-iday  reap  from  the  discovery  of  the  electric  motor  and 
generator  ;  Clerk  Maxwell  and  Hertz  from  radio-telegraphy  ; 
or  Ramsay,  Rayleigh,  and  Dewar  from  the  gas-filled  lamp  ? 
True,  none  of  these  things  were  invented,  in  a  commercial 
form  at  least,  by  these  particular  men,  but  their  work 
opened  up  the  new  ground  which  made  the  inventions 
possible. 

Because  of  this  peculiarity,  the  highest  kind  of  research 
work  must  be  supported  by  mankind  at  large,  which  in  this 
country  means  Parliament  and  the  Exchequer. 

The  true  research  worker  must  possess  an  infinite 
patience,  a  fertile  imagination,  a  wide  knowledge  of  the 
laws  of  Nature,  and  an  unbounded  faith  in  the  possibility 
of  accomplishing  the  task  on  which  he  is  engaged.  He 
must  refuse  to  be  diverted  from  his  goal  by  any  reputed 
impossibility,  and  if  necessary  he  must  be  prep.ircd  to 
overthrow  accepted  ideas  when  they  stand  in  his  way. 
Tin-  aih'anccs  of  the  ,i;cnius  are  made  l\v  accompliiliing  the 
impoisihililici  of  his  fellows.  In  1900  Bremer  improved 
the  arc  light  by  doing  exactly  what  every  one  would  have 
s.iid  was  the  wrong  thing  ;  before  Marconi's  experiments 
in  1901  it  was  perfectly  easy  to  demonstrate  that  trans- 
atlantic radio-telegraphy  must  for  ever  be  impossible  ;  in 
n>io  Coolidgc  succeeded  in  drawing  tungsten  into  the 
finest  wires  that  were  ever  made  in  spite  of  tlie  knowledge 
among  the  experts  that  this  metal  was  far  too  brittle  lo  be 
irvcn  forged  into  a  rod  ;  in  1913  Langinuir  produced  the 
gas-filled  lamp  when  we  all  knew  perfectly  well  that  the 
best  possible  vacuum  was  absolutely  necessary  for  an 
efficient  lamp. 

And  so  it  will  always  be.  He  is  not  worthy  of  the  name 
of  pioneer  who  rcg.wds  even  the  laws  of  gravitation,  .ind 
of  the  conservation  of  cnergv,  mass,  and  moincnlum  as 
dogmas  which  m.ay  not  be  attacked  and  overthrown  when 
thev  block  his  way. 

Rcsearcli  is  best  dealt  with  in  bulk,  so  lh.it  workers 
in  dilTerent  fields  m.iy  come  into  daily  intimate  conLncl. 
A  man  with  a  new  idea  will  develop  it  more  rapidly  and 
carry  it  further  if  he  discusses  it  over  a  (lipe  with  a  fellow 
spirit  even  although  the  latter  can  do  no  more  than  listen 
lo  the  exposition.  If  the  subject  borders  on  his  own  in 
any  way,  the  cross-fertilization  of  the  sciences  produced 
bv  such  a  discussion  may  lead  to  enormous  rcsulls. 

The  research  worker,  however,  must  also  come  into 
close  touch  with  the  industrial  side  of  his  own  subject, 
without  devoting  so  much  time  to  it  th.-it  real  research 
gets  squce/cd  out  altogether.  The  man  in  the  factory 
meets  many  problems  for  the  solution  of  which  he  pos- 
sesses neither  the  time  nor  the  knowledge.     The  scientific 
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man,  however  willing  and  competent  he  may  be,  would 
never  meet  these  problems  by  himself.  Keep  these  two 
men  apart  and  the  problem  remains  for  ever  unsolved  ; 
but  bring  their  experiences  together  and  progress  is  sure 
to  follow. 

For  the  success  of  this  co-operation,  mutual  respect  and 
confidence  are  required  between  the  manufacturing  and 
-scientific  sides  of  industry.  This  co-operation  has  been 
greatly  developed  with  marvellous  results  in  several 
directions  in  America,  where  its  realization  has  been 
facilitated  by  the  aggregation  of  capital  into  huge  trusts. 
Except  in  a  few  of  our  industries,  it  is  scarcely  practical 
"to  have  that  continuous  intercourse  betweeen  the  research 
worker  and  the  factory  which  is  obtained  in  the  well- 
known  American  examples,  with  their  real  research 
laboratories  attached  to,  or  closely  affiliated  with,  the 
productive  departments.  But  to  some  extent  the  diffi- 
culty can  be  overcome  by  insisting  that  the  research 
■workers  should  periodically  spend  some  time  in  the  j 
■factory.  The  duration  of  these  periods  must  depend 
on  the  nature  of  the  work  on  hand,  but  they  should  be 
as  frequent  as  possible.  Even  if  they  amounted  to 
nothing  more  than  a  weekly  visit  to  the  shops  and  chats 
with  the  managers  and  foremen,  the  results  would  be 
good,  provided  that  the  men  in  the  works  did  actually 
discuss  their  difficulties  and  give  the  scientific  men  the 
benefit  of  their  own  knowledge. 

Trade  secrets,  or  supposed  trade  secrets,  stand  in  the 
way  of  that  goodwill  on  the  manufacturer's  part  without 
^which  no  such  scheme  can  be  really  useful.  But  we  must 
«ither  overcome  these  difficulties,  or  else  we  must  organize 
-our  industries  into  corporations  large  enough  to  bear  the 
expense  of  huge  research  departments  directed  to  their 
■own  p.articular  ends.  Otherwise,  we  shall  in  time  lose  our 
industries  altogether  in  favour  of  other  countries  who  may 
have  succeeded  in  doing  one  of  these  things. 

Each  industr)'  has  its  own  problems  which  are  more  or 
less  recognized  by  those  engaged  in  it.  We  could  all 
write  out  lists  of  what  we  think  we  most  want  in  our  own 
■sphere  ;  but  I  wish  to  direct  your  attention  to  one  rather 
fcig  problem  of  the  utmost  importance  for  the  future 
welfare  of  our  own  countr}'.  I  refer  to  our  supply  of 
■energy.  Past  ages  have  placed  vast  stores  to  our  credit 
in  the  great  "  Coal  Bank, "  but  as  we  are  drawing  our 
■cheques  upon  it  with  ever-increasing  prodigality  and 
nothing  is  now  being  paid  into  it,  sooner  or  later  we 
shall  find  our  cheques  returned  marked  "  no  funds."  It 
Avill  not  occur  in  our  time,  but  historically  speaking 
"the  exhaustion  of  our  coal  supplies  is  not  remote.  It 
■seems  fairlj'  certain  to  come  within  three  centuries,  -and 
may  even  occur  within  one. 

If  our  countrj'  is  not  to  decline  into  a  very  inferior 
position  by  that  time,  we  must,  in  the  interval,  either 
discover  new  sources  upon  which  we  can  draw,  or  else  we 
must  contrive  to  live  within  our  income. 

Our  annual  consumption  of  coal  is  about  200  million 
tons  per  annum.  Since  the  energy  of  one  ton  of  coal 
is  almost  exactly  one  kilowatt-year,  we  are  drawing  on 
our  energy  capital  at  the  rate  of  about  200  million 
kilowatts. 

We  have,  of  course,  other  sources  of  energy  of  which 
■we  are  aware,  and  possibly  many  others  still  unknown. 
The  energy  of  disintegration  of  the  atoms  is  enormous  ; 


when  this  is  brought  under  our  control  we  shall  have 
an  ample  supply  for  a  few  ages  more,  and  may  even  be 
able  to  ward  off  the  approach  of  the  next  ice  age  which  is 
due  in  some  thousands  of  j'ears. 

Another  large  store  of  energy,  mainly  derived  from  the 
kinetic  energy  of  rotation  of  the  earth,  is  made  available  to 
us  through  the  tides.  To  raise  the  level  of  one  square 
mile  of  sea  by  one  foot  involves  the  expenditure  of  about 
340  kilowatt-hours.  Under  ideal  conditions  of  admitting 
all  the  water  at  high  tide  and  releasing  it  again  at  low  tide, 
this  amount  of  energj'  would  be  available  each  half  tide  of, 
say,  6J  hours.  The  tidal  power  is  thus  equivalent  to  about 
55  kw.  per  square  mile  per  (foot  rise)'.  Ideal  conditions 
could  not  be  realized,  and  there  would  be  losses  in  the 
turbines,  and  so  we  probably  err  on  the  high  side  if  we 
take  10  kw.  per  square  mile  per  (foot  rise)"  as  the  maximum 
we  might  expect  to  be  able  to  utilize.  This  would  give 
10,000  kw.  per  square  mile  with  a  double  tidal  amplitude  of 
3 1 '5  feet,  and  500  kw.  for  one  of  7  feet. 

The  Bristol  Channel  is  by  far  the  most  favourable  place 
in  this  country  for  the  large-scale  utilization  of  the  tides, 
and  I  think  the  Firth  of  Clyde  stands  next  because  of  the 
large  area  which  could  be  enclosed  within  a  comparatively 
short  dam.  We  shall  not  be  far  out  if  we  take  10,000  kw. 
per  square  mile  as  applicable  to  the  first  and  500  kw.  to  tho 
second  of  these  areas. 

A  dam  across  the  Bristol  Channel  from  Brean  Down  to 
Lavernock  Point,  taking  the  Flat  Holm  on  the  way,  would 
be  under  8  miles  in  length.  It  would  enclose  well  over 
100  square  miles  of  water,  and  would  give,  say,  a  million 
kilowatts.  One  built  across  below  Ilfracombe  would  be 
nearly  30  miles  long,  would  enclose  quite  10  times  as 
much,  and  might  be  expected  to  give  us  about  10  million 
kilowatts. 

The  only  possible  place  for  a  dam  across  the  Firth  of 
Clyde  is  the  shallow  bar  'somewhere  near  the  Girvan- 
Kintyre  line.  It  would  be  in  somewhat  deeper  water  than 
the  Bristol  Channel  ones,  would  be  just  over  30  miles 
long,  and  would  enclose  much  about  the  same  area  as 
the  lower  Channel  one  ;  but  owing  to  the  much  smaller 
tides  it  would  probably  give  us  no  more  than  half  a  million 
kilowatts. 

I  have  no  doubt  that  the  modern  engineer  could  con- 
struct any  of  these  dams  within  a  reasonable  time  if  he 
were  provided  with  sufficient  funds.  The  capital  costs 
would  be  very  high  ;  I  do  not  know  what  they  would  be, 
but  I  do  not  expect  that  power  obtained  in  that  way  could 
compete  with  our  ordinary  methods  so  long  as  a  plentiful 
supply  of  coal  lasts.  Stated  in  kilowatts  they  do  seem 
enormous  sources  of  power,  but  compared  with  the  equi- 
valent of  the  coal  supply  which  will  some  day  have  to 
be  replaced  they  are  quite  insignificant.  We  have,  of 
course,  other  estuaries  which  could  all  be  made  to  con- 
tribute their  quota,  but  when  all  are  harnessed  I  think 
we  shall  still  be  very  far  short  of  the  equivalent  of  our 
present  consumption  of  coal. 

With  the  power  available  in  the  electrical  form,  many 
economies  would  be  made,  but  we  must  remember  that 
our  requirements  are  going  up  by  leaps  and  bounds  and 
that  these  increases  would  almost  certainly  exceed  the 
savings  from  a  more  efficient  use.  I  therefore  think  we 
may  conclude  that  the  tides  will  never  do  more  than 
replace  a  quite  small  part  of  our  coal  consumption. 
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We  must  now  turn  our  attention  to  the  consideration  of 
our  income,  which  is  paid  out  to  us  day  by  day  from  the 
sun.  The  mtcnsity  of  the  sun's  radiation  as  it  falls  on  the 
earth's  atmosphere  is  somewhere  about  5  million  kilowatts 
per  square  mile  of  norm.il  surface,  which  would  mean 
about  3  million  kilowatts  per  sqavc  mile  of  land  at  our 
latitude  at  the  equinox  noon.  Averaging  it  out  throughout 
the  34  hours  .ind  throughout  the  yc:u',  we  may  call  it  a 
million  kilowatts  per  squ.vc  mile  here.  Over  one-half  of 
this,  however,  is  absorbed  by  the  atmosphere,  but  what  is 
left  IS  ample  for  our  needs  and  we  must  fmd  a  method  of 
turning  it  to  our  own  ends  before  our  coal  supply  is 
exhausted. 

For  the  economical  utilization  of  the  sun's  energy  on  a 
large  scale  it  will'  be  necessary  to  keep  the  size  of  the 
power  house  within  reasonable  dimensions,  and  to  provide 
for  keeping  it  running  throughout  the  24  hours.  The 
direct  application  of  the  rays  for  driving  a  heat  engine, 
which  is  quite  practical  on  a  small  scale  in  tropical 
countries  and  h.os  actually  been  done  in  Meadi  in  Egypt, 
would  thus  scarcely  meet  our  needs  even  if  our  climate 
were  suitable,  which  it  is  not. 

Storage  of  the  energy  in  some  intermediate  form  is  thus 
necessary  to  enable  us  to  concentrate  it  and  to  level 
up  the  discrepancies  between  the  curves  of  supply  and 
demand. 

Nature  provides  us  with  such  storage  in  several  forms. 
First  we  have  gravitational  energy  in  the  shape  of  water 
raised  from  the  oceans  up  into  the  clouds,  and  this  has  the 
especial  merit  that  it  makes  some  use  of  the  areas  covered 
by  water.  But  the  smallncss  of  our  island  makes  our  share 
of  this  bountiful  supply  somewhat  meagre,  and  conse- 
quently we  must  look  to  other  forms  unless  some  genius 
will  show  us  how  to  collect  the  water  high  up  in  the 
clouds  so  that  we  can  utilize  the  energy  now  wasted  in 
atmospheric  friction  by  the  falling  rain.  Other  countries  arc 
more  favoured  in  this  respect  than  ours,  and  every  develop- 
ment of  the  electrical  transmission  and  utilization  of  (rawer 


increases  the  advantages  which  their  industries  conse- 
quently possess  over  ours. 

The  winds  give  another  means  of  temporarily  storing  the- 
energy  received  from  the  sun,  partly  in  the  kinetic  form 
and  partly  in  the  compression  of  the  air.  Here,  again, 
difficulties  arise  from  the  uncertainties  of  the  winds,  and 
from  the  enormous  size  which  a  large  power  windmill 
would  have.  Still,  research  must  not  dismiss  anything  as- 
impossible.  The  rapid  advances  in  the  size  of  steam  and 
water  turbines  and  of  electric  gen»^rators  should  teacli  us- 
not  to  dismiss  wind-power  as  utterly  hopeless. 

The  last  form  of  storage  which  I  shall  consider  is- 
chemical  energy,  to  which  class  indeed  our  coal  itself 
belongs.  The  only  way  in  which  the  solar  energy  is  taken 
up  chemically  in  Nature,  so  far  as  I  am  aware,  is  through 
the  age;icy  of  plant  life.  Fiiiling  other  means,  we  mtist 
grow  our  fuel.  I  tlierefore  offer  to  our  agriculturists  the 
problem  of  producing  a  pLint  having  a  high  calorific  value^ 
which  shall  utilize  as  high  a  proportion  as  possible  of  the 
energy  falling  on  the  areas  devoted  to  its  cultivation,  and 
wliich  shall  be  suitable  for  use  as  fuel,  either  directly  or  bv 
distilling  alcohol  or  other  spirit  from  it. 

At  the  same  time  I  ask  our  elcctrochemists  to  find  a 
method  of  taking  up  that  energy  electrically  from  the 
plant,  or  its  products,  without  first  converting  it  into  heat, 
so  as  to  avoid  the  large  Ihermo-dynamic  losses  inherent  irf 
the  heat  engine. 

Or  better  still,  I  ask  our  chemists  to  devise  some  re- 
action which  will  occur  with  the  absorption  of  energv 
under  the  action  of  sunlight,  and  which  can  be  reversed,, 
under  control,  with  the  return  of  that  energy  in  the 
electrical  form.  In  short,  give  us  a  storage  batterv  which 
is  charged  by  submitting  the  active  materials  to  sunlight,  and 
which  ts  discharged  in  the  ordinary  way. 

As  a  last  resource,  in  case  these  should  fail,  let  our  ultra- 
physicists  combine  with  the  biologists  and  produce  betwecr* 
them  a  suflicient  number  of  M.-ixwcirs  sorting  demons  to 
emancipate  us  from  the  second  law  of  thermodynamics. 
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By  H.  A.  Nevill,  Member. 
(Address  ddhxrcd   at    Leeds,   8    Xovember,    1916.) 


After  consideration  I  decided  to  speak  to-night  on  the 
question  of  the  supply  of  coal  and  its  economical  use,  only 
to  find  later  that  many  abler  men  have  all  chosen  the 
same  subject  :  in  fact,  so  many  papers  have  been  read 
that  it  practically  impossible  to  avoid  overlapping,  but 
the  importance  of  the  subject  must  be  my  excuse  for 
pursuing  it. 

The  majority  of  the  papers  that  I  ha%'e  had  the  oppor- 
tunity of  reading  all  emphasize  the  necessity  for  economy 
in  the  use  of  the  country's  fuel  supply,  but  Mr.  Arnold 
Lupton  in  his  paper  at  Cardiff,  before  the  South  Wales 
Institute  of  Engineers,  would  seem  to  wish  to  convey  the 
idea  that  there  is  very  little  cause  to  worry  at  all  about  fuel 
supplies.  Mr.  Lupton's  proposal  to  supply  the  whole  of 
the  power  required  in  the  United  Kingdom  from  the  sun's 
heat  in  the  Sahara  Desert,  is  a  wonderful  scheme  but 
unfortunatel}'  not  a  feasible  one. 

Since  the  commencement  of  the  War  one  of  the  greatest 
troubles  in  connection  with  coal  supply  has  been  the 
diminished  output  of  the  collieries.  This  is  largely  due  to 
the  excellent  way  in  which  the  miners  have  joined  up, 
and  I  believe  some  288,000  are  to-day  serving  in  His 
Majesty's  Forces.  These  men  will  doubtless  only  be  re- 
turned to  their  civil  employment  at  a  slow  rate  ;  many 
will  unfortunately  never  return  at  all,  having  given  up 
their  lives  for  their  countr)',  and  probably  many  others 
after  their  present  experience  of  an  open-air  life  will  no 
longer  be  willing  to  work  below  ground.  Under  these 
circumstances  a  continued  shortage  of  labour  for  some 
years  is  certain. 

The  labour  difficulty  is  increased  by  absenteeism,  the 
average  loss  of  time  for  the  whole  of  the  United  Kingdom 
being  9-9  per  cent  (see  Coal  Organization  Committee 
Report),  while  so  far  as  Yorkshire  is  concerned,  I  regret 
to  say  that  it  varies  between  15  and  20  per  cent.  No  over- 
time can  be  worked  in  collieries  to  recover  this  loss,  owing 
to  the  provisions  of  the  "  Eight  Hours  "  Act.  Earnest  repre- 
sentations are  being  made  to  the  men  and  their  leaders  on 
the  subject,  and  it  is  to  be  hoped  that  some  action  will  be 
taken  at  an  early  date  to  remove  this  stigma  from  a  class 
of  men  who  have  otherwise  responded  so  well  to  their 
country's  call. 

The  larger  use  of  machinery,  such  as  coal  cutters,  face 
conveyers,  etc.,  would  seem  to  be  a  possible  solution  of 
the  labour  difficulty.  I  am  informed  on  good  authority 
that  10  per  cent  per  annum  represents  in  round  figures 
the  present  increase  in  this  class  of  plant  in  the  United 
Kingdom  ;  in  some  districts,  however,  although  machines 
are  installed  only  indifferent  use  is  made  of  them  and 
production  is  not  much  helped  in  consequence.  The 
greatest  progress  in  the  use  of  electrically-operated 
machines  has  been  made  in  Scotland,  owing  to  the 
working  of  thinner  seams  and  greater  freedom  from  gas. 


English  collieries  are  steadily  opening  up  thinner  seams 
and  will  have  considerably  to  extend  their  use  of  cutters 
and  conve3'ers  to  enable  them  to  deal  with  the  difficulties 
of  working. 

The  two  sources  of  power  used  for  underground 
machines  are  electricity  and  compressed  air  ;  of  these, 
the  former  is  much  the  better  from  the  point  of  view  of 
efficiency  and  the  possibility  of  providing  the  largest 
amount  of  power  for  the  space  occupied. 

In  actual  practice  it  is  found  that  the  efficiency  of 
electrically-operated  machines  is  as  high  as  70  per  cent, 
while  that  of  compressed-air  operated  plant  is  only  20 
to  25  per  cent.  These  figures  are  overall  efficiencies 
including  the  generating  plant  or  compressors,  as  the 
case  may  be.  I  know  of  one  extreme  case  where  an 
experiment  in  cutting  a  heading  by  compressed-air 
^machines  showed  that  eight  times  the  energy  was  re- 
quired compared  with  directly  electrically-operated  plant. 
In  this  particular  instance  the  air  supply  was  obtained 
from  motor-driven  compressors  placed  underground  some 
little  distance  from  where  the  cutting  was  being  done,  and 
the  result  was  probably  largely  due  to  the  low  load  factor 
of  the  system. 

Another  instance  I  know  shows  quite  opposite  results 
obtained  by  taking  a  3,000-volt  alternating-current  supply 
down  the  pit  to  static  transformers  placed  about  200  yards 
from  the  coal  face,  and  from  these  operating  electrical 
cutters  at  200  volts. 

Present-day  legislation  favours  the  use  of  compressed- 
!  air  machines  in  preference  to  that  of  electrical  ones,  with 
j  the  result  that  the  more  general  use  of  machines  is 
retarded  due  to  the  cost  of  operating  such  low-efficiency 
plant  and  also  to  the  small  amount  of  power  available  from 
the  air-driven  type.  Experiments  are  now  being  made  in 
the  use  of  air-driven  turbines  for  working  coal  cutters  to 
try  and  increase  their  power,  but  it  seems  to  me  doubtful 
if  this  alteration  would  much  improve  the  efficiency  of  the 
machines. 

Considerable  progress  has  been  made  in  recent  years  in 
the  design  of  electrically-operated  coal  cutters  and  in 
switchgear  and  cables,  but  if  it  is  really  necessary  to  impose 
the  heavy  restrictions  on  the  use  of  electricity  that  are 
now  in  force,  it  would  seem  to  be  up  to  the  electrical 
manufacturers  to  develop  further  improvements  and  to 
produce  plant  still  better  suited  to  the  conditions. 

The  possibility  of  getting  a  greater  percentage  of  the 
available  coal  has  recently  been  largely  considered,  but  it 
would  seem  that  this  is  purely  a  matter  of  commercial 
balance  between  the  cost  of  production  and  the  selling  price. 
Generally  speaking,  all  coal  is  got  that  can  be  cut  with 
safety  and  without  prohibitive  cost.  No  coal  owner  could 
be  expected  to  work  his  mine  at  a  loss,  but,  given  a  suffi- 
ciently high  selling  price  or  a  cheaper  system  of  working. 
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more  coal  would  be  produced,  even  to  the   working  of 
scams  onlv  two  or  three  inches  in  thickness. 

The  present  system  of  working  underground  provides 
first  for  the  sifety  of  the  men.  and  this  is  quite  as  it  should 
be,  for  the  lives  of  the  men  are  of  .i  greater  value  to  the 
countPi'  than  the  coal  ;  but  this  safety  can  be  secured  only 
by  temporarily  sacrificing  part  of  the  coal  or  replacing  it 
with  expensive  protective  arrangements.  In  thick  scams 
a  part  of  the  seam  is  left  in  order  to  provide  a  belter  ;ind 
stronger  roof  :  and  the  percentage  depends  on  the  nature 
of  the  material  immediately  above  it  and  the  tendency  to 
"gob"  fires.  If  this  roof  coal  were  removed,  the  extent 
of  the  propping  would  necessarily  be  heavily  increased  ; 
particularly  with  the  present  price  of  timber  and  all 
other  stores  this  could  not  bj  done  without,  as  previously 
mentioned,  increasing  the  pit-hc.id  price  of  coal.  If  by 
the  greater  use  of  efficient  machinery,  coal  could  be 
worked  more  quickly  the  roof  difficulty  might  be  reduced 
owing  to  the  shorter  period  during  wliich  support  would 
be  required. 

Summarizing  the  foregoing,  it  is  my  opinion  that  modified 
legislation  dealing  with  the  control  of  mines,  particularly 
as  relates  to  the  use  of  electricity,  together  with  more 
rapid  development  in  the  use  of  electrically-operated 
machinery  below  ground,  would  tend  to  solve  to  some 
extent  the  present  and  future  difficulty  in  the  sufficient 
production  of  fuel. 

The  possibilities  of  purchasing  coal  in  the  future  at  the 
prices  ruling  before  the  war  seem  very  remote,  and  power 
station  engineers  will  be  compelled  to  look  for  tlieir 
economics  to  the  use  of  more  efficient  plant,  to  co-operation, 
or  to  more  economical  systems  of  coal  consumption  than 
direct  combustion  on  a  boiler  grate. 

The  scheme  recommended  by  the  Board  of  Trade  for 
the  linking  up  of  power  stations  is  one  tliat  would  aid  in 
reducing  the  coal  consumption  per  unit  in  those  stations 
*o  favourably  situated  tliat  they  can  adopt  it.  National 
coal  economy  was  the  reason  for  the  recommendation 
being  made,  but  the  saving  to  be  effected  does  not  at  first 
sight  seem  sufficient  to  warrant  the  verj'  heavy  expendi- 
ture which  would  be  incurred  in  many  cases  in  carrying 
it  out. 

In  my  opinion  a  great  advantage  that  would  .arise  from 
linking  up  would  be  increased  continuity  of  supply.  Inter- 
ruptions to  supply  systems  arc  much  lc~s  frequent  than  in 
the  past,  and  anything  that  will  help  in  securing  further 
reliability  will  also  help  in  promoting  confidence  in  the 
public  supply  systems  in  the  mind  of  the  general  public. 
One  of  the  rca.sons  that  h.as  deterred  many  possible  con- 
sumers from  being  converted  in  the  past  has  been  the 
p^isMbility  of  interruption  ;  the  more  that  objection  is 
removed,  the  faster  will  isolated  power  plants  be  scrapped 


in  favour  of  purchasing  energy  from  the  public  supply 
mains. 

The  centralization  of  power  generation  under  skilled 
control  cannot  but  lead  to  economy  in  fuel,  and  the 
greatest  result  will  be  obtained  when  the  direct  com- 
bustion of  coal  at  innumerable  scattered  boiler  installa- 
tions and  in  the  domestic  fireplace  is  displaced  by  the  use 
of  electricity,  gas,  or  a  fuel  from  which  tlic  residuals  have 
been  extracted.  I  do  not  suggest  that  CLiitralization 
should  be  carried  out  to  such  an  extent  tli.it  the  whole 
country's  requirements  be  supplied  from  one  or  two  mam- 
moth power  stations,  as  I  do  not  consider  that  economy  lies 
that  w.iy.  Moderate-sized  stations  suitably  designed  and 
placed  to  utilize  waste  heat,  gas  from  carbonization  plants, 
or  other  available  sources  of  power,  and  linked  together 
on  a  standardized  system,  would  secure  the  most  econo- 
mical use  of  coal.  The  large  industrial  areas  of  the 
country,  such  as  Yorkshire,  Lancashire,  the  North-Eas.t 
Coast,  etc.,  provide  the  greatest  supplies  of  so-called 
waste  heat  and  gas.  and  also  naturally  the  greatest 
demand  for  energy,  and  it  is  in  these  areas  that  pro- 
gress is  already  being  made  on  the  above  lines. 

There  are  many  large  towns  the  distance  of  which 
from  their  neighbours  renders  linking  up  at  present  pro- 
hibitive on  account  of  cost ;  and  where  the  local  indus- 
tries do  not  provide  waste  heat  or  gas  in  quantity  it  would 
seem  quite  feasible  to  combine  with  their  power  stations 
a  modern  plant  for  the  carbonization  of  coal  and  the 
recovery  of  residuals  before  combustion. 

I  understand  from  my  friends  in  the  coal  world  that  it  is 
the  supplies  of  best  domestic  coal  lliat  are  first  becoming 
exhausted,  and  consequently  there  will  be  an  increasing 
demand  for  a  good  and  cheap  substitute.  The  lowcr- 
tcmpcrature  carbonization  processes  produce  a  fuel  highly 
suitable  for  domestic  use  and  one  that  would  greatly 
assist  in  reducing  the  smoke  nuisance  in  heavily  popu- 
lated areas. 

Many  schemes  are  being  evolved  at  the  present  time 
for  the  future  benefit  of  our  country,  the  majority  of 
which  would  require  considerable  capital  expenditure. 
To  secure  economy  in  coal  us.igc  also  requires  an  initial 
outlay  that  would  impose  a  heavy  burden  on  electricity 
supply  undertakings  of  the  country  if  the  money  were 
raised  in  the  usual  way.  The  need  for  economy  in  fuel  is 
a  nation.al  one,  and  it  would  not  therefore  seem  unreason- 
able to  suggest  that  the  (iovernmcnt  should  make  some 
provision  for  granting  easy  terms  for  securing  money  to 
the  electricity  supply  authorities.  A  small  tax  on  exported 
coal  would,  without  imposing  an  unduly  heavy  burden  on 
the  purchasers,  provide  for  the  greater  portion  of  the 
necessary  expenditure  incurred  in  obtaining  the  desired 
result. 


Mckenzie :  Manchester  local  section:  chairman's  address. 
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Another  year  has  gone  by  and  the  opening  of  a  new 
session  still  finds  this  country  engaged  in  a  life-and-death 
struggle.  Many  of  our  members  have  responded  to  the  call 
to  arms  ;  some  have  unfortunately  lost  their  lives,  and  those 
•of  US' who  are  engaged  on  work  at  home  essential  to  the 
carrying  on  of  the  w-orld-war  to  a  satisfactory  conclusion 
must  see  to  it  that  nothing  we  can  do  is  left  undone  to  help 
our  country  in  this  time  of  stress,  and  further  to  adopt  all 
possible  means  whereby  the  British  engineering  industry 
can  be  placed  on  a  better  foundation  than  it  ever  was 
before. 

Organie.4tio\'  of  Exgixeerin'g  Industries. 

Much  has  been  written  in  the  daily  Press,  and  in  everv 
technical  journal,  regarding  the  re-organization  of  British 
industries,  and  many  Committees  have  been  appointed  by 
the  Government  to  consider  the  case  of  particular  in- 
■dustries.  The  Committee  whose  recommendations  are 
awaited  with  great  interest  by  electrical  engineers  is  that 
one  appointed  by  the  Board  of  Trade  to  consider  the 
electrical  industry,  and  which  is  presided  over  by  Sir 
Charles  Parsons. 

One  Association  alone  which  has  been  recently  formed 
represents  firms  having  an  aggregate  capital  of  over 
150  millions  sterling.  Such  a  powerful  Association  can- 
not fail  to  bring  considerable  influence  to  bear  in  many 
■directions  upon  the  trading  conditions  of  the  Empire. 
Many  of  our  largest  electrical  engineering  firms  have 
joined  this  Association,  which  of  course  is  to  devote  itself 
to  British  industries  generally.  Other  Associations  have 
been  formed  solely  for  re-organizing  the  British  engineer- 
ing industry.  We  know  that  the  six  leading  engineering 
societies  of  the  German  Empire  have  amalgamated  ex- 
pressly for  the  purpose  of  re-capturing  their  foreign  trade 
which,  through  the  invincible  British  Navy,  has  been  cut 
■off  from  them  as  it  were  by  the  stroke  of  a  knife.  It  is  the 
duty  of  each  and  every-  one  of  us  to  see  to  it  that  no  effort 
is  spared  to  prevent  them  re-capturing  this  trade.  It  has 
been  abundantly  proved  that  the  engineering  firms  of  this 
country  can  supply  all  our  requirements,  of  equal  if  not 
better  quality  than  our  continental  neighbours  could 
supply,  from  a  turbo-alternator  to  a  lamp.  If  the  pur- 
•chasing  engineers  of  this  Empire,  as  distinct  from  those 
■engaged  in  manufacturing,  remember  after  the  War  the 
■sentiments  that  most  of  us  now  feel,  there  is  no  doubt 
the  British  engineering  industry  will  soon  attain  that 
position  to  which  it  is  justly  entitled. 

This  is  not  said  to  imply  that  British  manufacturers  have 
in  the  past  done  all  that  they  should  do  to  cater  for  the 
requirements  of,  say,  the  electrical  engineering  industry. 
To  cite  one  case  only,  that  of  turbine  rotor  discs :  we  know 
that  practically  all  these  came  from  abroad  before  the  War, 
mainly  because  the  steel  makers  of  this  country  would  not 


adapt  themselves,  or  lay  their  works  out  for  this  class  of 
business.  The  particular  case  cited  is  an  important  one, 
for  if  the  British  steel  makers  after  the  War  will  not  take 
up  this  line  it  is  bound  to  have  a  marked  effect  in  deter- 
mining the  type  of  turbine  to  be  employed  in  the  future, 
especially  for  large  units. 

The  ten  important  recommendations  made  by  the  Insti- 
tution, through  our  President,  to  the  Board  of  Trade 
Committee,  are  no  doubt  fresh  in  your  memories.  Each 
one  of  these  recommendations  vitally  affects  the  interests 
of  us  all,  and  it  is  to  be  hoped  that  most  of  them,  if  not  all, 
will  be  given  early  effect  to. 

I  cannot  pass  on  to  my  next  topic  without  paying  tribute 
to  the  pioneer  work  done  b\'  Mr.  Elder  in  delivering  his 
excellent  discourses  throughout  the  country  during  the 
past  year,  and  also  to  the  work  of  the  Special  Committee 
of  the  Manchester  Engineers'  Club,  out  of  which  has 
arisen  the  Council  for  the  Organization  of  the  British 
Engineering  Industries,  and  with  which  movement  the 
name  of  one  of  our  members.  Alderman  Walker,  is  so 
prominently  identified. 

The  Linking  up  of  Power  St.\tioxs. 

It  will  be  remembered  that  at  the  final  meeting  of  this 
Local  Section  last  session,  Mr.  E.  T.  Williams'  paper  on 
the  electricity  supplies  of  this  country  was  discussed.  It 
seemed  to  be  tlie  general  opinion  of  the  members  of  this 
Section  that  the  interconnecting  of  most  of  the  existing 
stations  should  precede  the  building  of  a  few  large  super- 
stations,  from  which  bulk  supphes  would  be  furnished. 

The  linking-up  suggestion  was  not  a  new  one.  Mr. 
Watson  in  his  Address"  as  Chairman  of  this  Section  in 
IQ09  dealt  with  the  question  pretty  fully,  and  the  conclu- 
sions he  therein  arrived  at  have  been  borne  out  by  the 
most  exhaustive  inquiry  since  made.  Several  municipalities 
had  already  proved  the  great  financial  saving  that  could 
be  effected  by  interconnecting,  especially  in  the  lowering 
of  fuel  costs  and  the  reduction  in  the  quantity  of  stand-by 
plant  necessary  under  such  schemes. 

There  is  no  doubt,  however,  that  Mr.  Williams'  paper 
was  responsible  for — and  he  is  therefore  entitled  to  great 
credit — again  bringing  the  subject  prominently  before  our 
public  supply  engineers,  and  as  a  result  there  are  several 
schemes  now  maturing  in  different  parts  of  the  country. 
Probably  the  circular  sent  out  by  the  Board  of  Trade, 
intimating  that  it  would  look  with  favour  upon  any  linking- 
up  proposals,  and  practically  advocating  such  schemes 
wherever  commercially  possible,  has  had  a  great  deal  to  do 
with  the  progress  wliich  has  been  made,  for  without  the 
Board's  sanction  they  could  not  be  carried  out. 

It  should  be  remembered  that  the  personal  factor  is  a 
very  important  one  in  cases  of  this  kind  where  negotia- 
*  Journal  I.E.E.,  1910,  vol.  44.  p.  100. 
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tions  have  to  be  carried  out.  Some  engineers  are  more 
easily  converted  than  others,  who  may  be  afraid  of  loss  of 
prestige,  and  even  of  position,  through  the  association  of 
their  undertakings  with  larger  ones.  The  Litter  view  is 
not  rcallv  a  sound  one.  Whilst  the  distribution  of  elec- 
-  m  the  hands  of  each  existing  undertaking, 
:  omiin  scope  for  the  services  of  an  engineer- 
managci . 

The  advantages  of  any  linking-up  scheme  arc  by  no 
means  confined  to  the  larger  undertakings.  There  must 
be  a  certain  amount  of  give  and  take  in  the  national 
interest. 

The  linking  up  of  the  supply  undertakings  in  Lancashire 

and  Cheshire  was  already  under  the  consideration  of  the 

il    and    power    companies'    engineers    of     these 

before  the  Board  of  Trade  circular  was  issued, 

.:t  is  due  to   the   engineers   responsible   for  the 

.    on    of    the    scheme   recently   described    in    the 

electrical  Press,     It  is  to  be  hoped  that  the  Government 

will   a.ssist  to   some   extent  in  the  raising  of   the  capital 

necessary  for  the  carrying  out  of  the  work,  seeing  that  the 

estimated  annual   saving   therefrom    is  approximately   30 

per  cent. 

Two  other  Committees  are  also  at  work  on  this  subject. 
The  question  of  electricity  supply,  from  a  national  and 
ng  point  of  view,  is  being  considered  by  a  special 
^i:  of  our  Institution,  and  a  joint  committee  of  the 
Incorporated  Municipal  Electrical  Association  and  the 
Incorporated  Association  of  Electrical  Power  Companies 
is  going  into  the  more  immediate  questions  of  organization 
and  linking  up  of  existing  undertakings,  etc.  The  recom- 
mendations of  these  committees  should  be  of  inestimable 
value  to  the  whole  community,  and  to  the  electrical 
industrv  in  particular. 

\\  ■  c,  !  think  we  may  antici- 

pate lion  of  electricity  in  the 

near  future,  and  the  removal  of  many  of  those  restrictions 
which  have  hampered  the  industry  in  the  past.     This  will 
result   in   the   more  extended    use   of    electricity   for   all 
purposes,  and  consequently  largely  increased   benefits  to 
the  nation,  for  undoubtedly  one  of  the  greatest  factors  in 
1'  il  future  for  the  manufacturers  of  the 
•'  *''Pply  of  electricity.      It   is  strange 
:  the  present  World  War  to  bring 


The  SiMMEK  TiMK  Act. 
Since  our  last  meeting  the  Summer  Time  Act  has  been 
Irntally,  I  might  add,  in  record 
Allhoii(>h  as  a  result  of  its 
has  been 
:    whatever 
point  It  has  been  an 
lul   of   opinion  and 
it  will  be  submitted  to  the  Govern- 

-    "I  ,    ...ted  to  consider  the  matter,  I  believe 

't  in  the  retention  of  the  Act   upon  the  Statute 


I  1. . .  1 1.  _i 


i^-. 


Thoic   uodcrtakiiu!*  devoted   chiefly  to   the  nupplv  of 


their  tariffs  considerably  without  the  approval  of  their 
consumers. 

The  Act  has  been  rather  aptly  described  as  "The 
Artificial  Light  Saving  Act "  by  one  of  the  engineers 
whose  output  h.is  been  rather  badly  affected  from  its 
operation. 

In  Manchester  the  .\ct  has  led  to  marked  benefits  to 
domestic  users.  An  eximination  of  four  residential  dis- 
tricts rcvcal>  a  saving  of  some  15  per  cent.  On  the  other 
hand  in  certain  industrial  and  shopping  districts  a  similar 
examination  reveals  an  increase  of  some  8  per  cent.  In 
the  latter  case  the  increases  arc  due  to  war-work  and 
revival  of  retail  trading.  Obviously  the  Act  has  offered 
f.ir  less  opportunity  for  economy  in  districts  comprising 
shops  closing  at  an  early  hour,  than  in  residential  dis- 
tricts. Its  general  effect  on  the  various  localities  is  thereby 
governed  by  the  character  of  the  lighting  demands  in  these 
localities. 

So  far  as  it  has  been  possible  to  institute  comparisons  at 
the  generating  stations  in  Manchester  it  is  estimated  that 
the  reduction  in  lighting  output  from  the  Stuart-street 
station  for  the  period  covered  by  the  Act  w-is  equivalent 
to  I  per  cent  of  the  tot;il  output,  while  the  consequent 
saving  in  coal  was  about  (kx>  tons.  At  the  other  Man- 
chester Corporation  stations  the  reduction  was  approxi- 
mately i^  per  cent  of  the  output,  with  a  saving  in  coal  of 
about  400  tons. 

Our  friends,  the  gas  engineers,  have  of  course  been  very 
much  more  affected  than  we  have  by  the  working  of  the 
Summer  Time  Act. 

Si'HPLiES  OF  Electkicitv  kor  War  Purposes. 

The  past  year  has  been  a  strenuous  period  with  all 
supply  undertakings.  The  output  from  the  various  stations 
situated  in  all  the  large  manufacturing  centres  of  the 
country  has  increased  by  leaps  and  Ixiunds.  It  is  difficult 
to  conceive  what  would  have  happened  in  these  centres 
if  these  large  supplies  of  electrical  power  had  not  been 
readily  available  for  our  manuf.icliiring  firms.  Munici- 
palities and  companies  alike  may  each  take  credit  for 
having  contributed  in  no  small  measure  towards  the 
"  munitions  output  "  which  is  all  essential  to  a  successful 
issue  from  the  present  War. 

It  has  been  stated  on  high  authority  that  judged  by  the 
weekly  wage  bill  the  Manchester  district  has  as  great  an 
output  of  w.ir  materi.il  (using  the  latter  term  in  the 
lir<).idest  sense)  as,  if  not  a  greater  output  than,  any  other 
di>lrjct  in  the  country,  not  excluding  the  Tyne  or  the 
Clyde.  It  is  not  surprising  therefore  that  the  several 
electrical  undertakings  in  this  district  should  be  experi- 
encing a  period  of  unprecedented  stress. 

Elrctro-Chemicai.  Demands. 
One  direct  outcome  of  the  War  is  the  evident  desire  of 
the  Government  to  render  this  country  less  dependent  on 
foreign  countric"  for  supplies  of  certain  materials  ;  and  in 
no  case  is  thi*  more  marked  than  in  certain  chemical  pro- 
ductions. The  colablishincnt  of  electro-chemical  plants 
in  this  country  i^  <  'd  thcic  is  evidence  on  .^1 

vid.v   lh.il   slep^  .in  l<cing   taken   to   secure  the 

■  lice  of  llie  K'uiiiiy  in  these  essentials. 
u  .         I  thcM:  pl.inls  can  be  adapted  to  lake  a  icslricted- 
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hour  supply  during  the  winter  months  of  the  year,  thus 
furnishing  an  ideal  load  for  central  stations.  One  such 
consumer  whose  demand  will  far  exceed  that  of  any  other 
on  the  system,  not  excluding  the  entire  tramway  demand,  has 
just  been  connected  to  the  Manchester  supply  undertaking. 
This  supply  will  be  given  by  the  Corporation  without  the 
latter  having  incurred  any  capital  outlay  on  plant  to 
supply  the  same,  because  over  the  peak  of  the  winter  load, 
namely,  from  3.30  p.m.  to  5.30  p.m.,  and  at  any  other  times 
of  severe  atmospheric  conditions,  the  consumer  has 
arranged  to  reduce  his  load  to  zero  if  required.  Other- 
wise the  demand  will  be  continuous  night  and  day. 

There  are  several  other  large  consumers  on  the  system 
taking  a  restricted-hour  supply  as  above,  but  the  specific 
one  mentioned  is  by  far  the  largest.  Such  desirable  con- 
sumers are  of  course  rightly  entitled  to  the  lowest  possible 
rate  per  kilowatt-hour. 

I  feel  sure  that  many  undertakings  could  with  advantage 
cultivate  the  restricted-hour  consumer  more  than  they 
have  done  in  the  past,  and  whilst  benefiting  themselves  by 
reason  of  the  attainment  of  a  high  load  factor,  they  would 
also  be  assisting  in  the  establishment  of  a  greater  number 
of  electro-chemical  industries  in  the  country. 

I  cannot  help  thinking  that  inasmuch  as  the  Government 
are  directly  interested  in  many  of  these  electro-chemical 
plants,  the  development  of  this  class  of  load  by  central 
stations  would  eventually  lead  to  a  closer  and  probably 
more  beneficial  connection  between  the  Government  and 
electrical  supply  undertakings.  In  many  directions  that 
will  doubtless  occur  to  the  minds  of  the  members,  this 
course  promises  great  advantages. 

Fuel. 

Great  difficulty  has  been  experienced  by  both  gas  and 
electricity  supply  undertakings  during  the  past  year  in 
obtaining  their  necessary  supplies  of  fuel,  even  where  it 
could  be  proved  as  in  Manchester  that  practically  the 
whole  output  was  for  war-work. 

Very  meagre  assistance  has  been  obtained  from  the 
Government.  The  Act  for  limiting  prices  at  the  pit  has 
been  of  little  real  value  to  man}',  and  we  hear  in  many 
quarters  of  the  colliery  companies  evading  its  pro- 
visions. There  is  no  doubt  that  additional  legislation  is 
required  to  enable  our  electricity  stations,  which  are  vital 
to  the  carrying  on  of  the  War  and  to  the  nation's  interests 
in  peace  times,  to  obtain  coal  in  sufficient  quantities  for 
their  needs  and  at  reasonable  prices. 

The  fuel  that  is  procurable  to-day  is  inferior  to  that 
obtained  before  the  War  from  the  same  pits,  because  of  the 
greater  percentage  of  the  dirt  content.  A  large  proportion 
of  the  total  fuel  now  offered  was  until  recent  years  unsale- 
able. During  the  late  coal  strike  more  than  one  large  elec- 
tricity undertaking  was  only  enabled  to  keep  running  by 
burning  fuel  which  had  been  thrown  on  the  rubbish-tip  in 
the  preceding  years.  To  burn  such  inferior  fuel  called  for 
conditions  different  from  those  previously  obtaining  in 
most  stations,  but  higher  draught  and  modern  grates 
suggest  that  frequently  the  lower  grades  of  fuel  can  be 
used  economically. 

The  present  high  prices  for  fuel  have  caused  colliery 
managers  to  recognize  more  fully  the  very  great  waste  that 
undoubtedly  has  taken  place  at  many  pits.  As  much  as 
from  10  to  15  per  cent  of  the  total  output  from  some  mines 


has  in  the  past  been  left  in  the  mines  as  being  too  small  to 
warrant  raising  to  the  surface.  Government  control  should 
in  future  obviate  this  wastage  of  our  great  national  asset. 

The  high  prices  now  obtaining  for  all  classes  of  fuel 
undoubtedly  call  for  the  more  efficient  management  of  our 
boiler-houses,  where  it  is  generally  admitted  more  can  be 
done  to  improve  the  economical  working  of  a  supply 
undertaking  than  in  any  other  department.  The  man  in 
charge  of  the  working  of  a  large  boiler-house  should  be  an 
engineer  of  exceptional  ability  and  should  be  well  paid. 
The  salary  of  sucli  a  man  is  a  very  small  fraction  of  the 
saving  he  will  effect.  To  him  should  fall  the  duties  of 
seeing  that  combustion  is  obtained  as  perfectly  as  circum- 
stances will  allow  ;  also  that  correct  gas,  water,  and  steam 
temperatures  are  maintained. 

The  indispensability  of  the  analytical  chemist  m  elec- 
tricity undertakings  of  any  magnitude  is  not  yet  sufficiently 
recognized.  Only  by  regular  testing  can  one  ensure 
getting  fuel  of  anything  approaching  constant  quality  from 
most  collieries,  and  the  knowledge  that  such  tests  are 
made  is  usually  sufficient  to  make  contractors  careful  in 
sending  supplies  to  works  where  this  practice  is  followed. 
Nor  should  the  chemist's  efforts  be  confined  to  raw  fuel 
tests.  He  should  be  responsible  for  the  correct  treatment 
of  the  feed  water  and  for  seeing  that  scale  and  corrosion 
in  the  boilers  are  prevented,  and  the  like. 

Power  Stations  of  the  Future. 

The  large  station  of  the  future  will,  I  believe,  have  a 
proportion  of  boilers  gas-fired,  the  proportion  being  based 
upon  the  load  factor  in  such  manner  that  the  extra  capital 
incurred  by  the  installation  of  by-product  recovery  plants 
will  be  remunerative,  and  the  by-products  of  the  bulk  of 
the  fuel  used  recovered. 

Gas  firing  is  not,  and  cannot  be,  a  means  of  direct  saving 
of  fuel.  The  two-stage  process  of  conversion  of  "  coal  to 
gas  and  gas  to  steam "  must  necessarily  involve  heat 
inefficiencies  exceeding  those  in  the  direct  conversion  of 
"coal  to  steam."  Skilled  analysis  and  extensive  experience 
tend  to  show,  however,  that  with  improved  forms  of  pro- 
ducers the  aggregate  value  of  by-products  recoverable 
from  coal  by  conversion  to  gas  equal  or  exceed  the 
original  coal  value,  and  when  extra  capital  and  labour 
charges  are  taken  into  account,  the  procedure  leads  to  a 
substantial  rebate  on  fuel  costs. 

There  were  isolated  cases  on  record  in  the  days  when 
slack  could  be  bought  at  6s.  or  7s.  per  ton,  where  large 
boiler  installations  were  fired  throughout  the  year  substan- 
tially for  nothing,  and  as  the  value  of  the  various  by- 
products fluctuates  largely  in  sympathy  with  coal  values, 
one  might  expect  a  net  saving  by  the  system  of  between  4s. 
and  7s.  per  ton  of  coal  consumed. 

As  to  the  exact  method  which  will  survive,  one  hesitates 
to  express  an  opinion.  There  are  broadly  speaking  two 
fundamental  types  of  gas  recovery  plants  :— 

(a)  Low-temperature  distillation.— \n  which  coal  is  con- 
verted to  coke  or  smokeless  fuel  yielding  gas,  spirits  such 
as  benzol,  toluol,  and  the  like,  heavier  oils,  tar,  and  a 
comparatively  small  amount  of  sulphate  of  ammonia. 

(;')  Producer.— In  which  coal  is  burned  to  ash  with  yield 
of  abundant  gas,  a  comparatively  poor  tar,  the  residual 
value  of  which  about  pays  the  cost  of  collecting,  but  high 
yield  of  sulphate  of  ammonia. 
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on  of  the  two  systems  offers  attractions,  but 
i-nd  upon  location  and  future  relative  value 


A 
niuv 
o(  > 

Ci>  ii.  ;uj,  lias  not  yet  had  its  fair  chance,  in  that  practi- 
cally cver>'  trial  has  been  conducted  witli  Lancashire  or 
wait  verted.     These  boilers,  specifically 

anii  ,   L-d    around    fire    grates    for    high 

cct  tiring,  are  far    from    ideal  for   gas 
.1  icncies  up  to  <>4  per  cent   have    been 
possible    with    a   certain    type    of    boiler. 
■    .,  .IS  these  cannot,  however,  be  anticipated  in 

practice  on  a  large  scale.     There  is,  however,  a  fine  field 
open  for  the  invention  of   the  large  and  highly  cfticient 
gas-fired    unit.      The   researches    of    the    late    Professor 
Nicholson  might  be  pursued  in  this  connection. 
Obvious  advantages  incidental  to  gas  firing  will  be  the 
r  grades  of  coal,  and  clean,  comfortably 
i-ss  boiler-houses,  involving  low  main- 
tenance charges. 

More  than  usual  interest  attaches  to  this  subject  by 
reason  of  the  published  experiments  on  a  sufficiently  large 
scale  that  arc  to  be  made  at  the  Yorkshire  Power  Com- 
pany's station  at  b.irugh.  near  B.irnsley.  and  at  the 
Soulhwick  power  st.ition  of  the  Brighton  Corporation.  In 
each  case  the  electricity  undertaking  is  to  purchase  gas  in 
'  :>   a    company    operating     the    low-tcmperaturc 

a  process, 
it  Will  therefore  be  stcn  that  the  financial  risks,  such  as 
they  may  be.  are  carried  by  the  company  supplying  the 
gas.  Provided  the  guarantees  of  the  latter  arc  fullilled  it 
would  appear  from  the  p.articulars  published  that  the 
Brighton  Corporation  has  made  an  exceptionally  good 
bargain.  In  any  case  the  results  will  furnish  an  interesting 
comparis<^n  with  what  can  reasonablv  be  achieved  with  a 
scheme  working  on  producer  lines. 

Apart  from  the  question  of  gas-tiring  versus  coal-liring, 
considerable  attention  of  late  has  been  given  to  the  design 
of  new  boiler-houses  and  the  utilization  of  larger  units. 
I  n  this  connection  there  is  a  marked  contrast  between  British 
and  .American  practice. 

Much  could  be  said  on  both  sides,  but  inasmuch  as  the 

■elled  a  revision  of  our  ideas  generally,  on  the 

1  generating  units  to  be  emploved,  it  seems 

iii/t  Ic  to  expect  that   British  engineers  will  aim 

at    :  the   size   of   individual    boiler  units   in  the 

decreasing  the  number  to  be  installed.     It 

-a  moot    point  whether  American   engineers 

have  not  gone  too  far  in  the  direction  of  the  size  of  unit 

• '■-■',    ,ind   the   duty   expected   from    it.     The  higher 

of  .American  boiler  plant  is  by  no  means  estab- 
ii'iK'i  veeii  the  two  somewhat  con- 

fl'Cting  ,        .;    to    be    the  correct    line   on 

which  to  tifvvlup  llic   new  stations   that  are  planned   in 


this  country.  The  proposed  use  of  large  gas-engine- 
driven  generators  is  now  clearly  a  thing  of  the  past. 
Their  manufacture  was  never  taken  up  very  seriously 
by  many  engircers  in  this  country. 

Turbine  plan.s  undoubtedly  hold  the  field,  and  in  the 
near  future  one  may  confidently  anticip.ite  seeing  units 
of  20,000-25,000  kw.  being  installed  in  sonic  of  our  large 
British  stations.  The  design  of  plant  of  this  size  is  in  a 
most  interesting  stage,  and  the  comparative  data  th.at  will 
be  obtained  from  alternative  types,  both  as  regards  capital 
costs  and  the  operating  results,  will  be  studied  with  the 
greatest  interest  by  all  associated  with  power  supply 
undertakings. 

Ratk  Relief. 

The  War  has  served  to  bring  into  prominence  again  the 
vexed  question  of  rate  relief  from  the  trading  departments 
of  municipalities. 

In  these  days  of  a  5s.  income  tax.  and  with  the  possibility 
of  an  increase  even  on  this  figure,  surely  the  time  has  come 
for  a  drastic  revision  of  the  methods  followed  by  many 
municipalities  of  exacting  large  sums  of  money  bv  way  of 
r.-ite  relief  from  the  trading  departments.  Whilst  it  may 
well  be  argued  that  the  claim  of  ratepayers  to  receive 
something  out  of  trading  profits  is  irresistible,  so  staunch 
a  supporter  in  the  past  of  the  principle  of  rate  aid  as  the 
Aciounlanl  in  a  recent  issue  wrote  as  follows  : — 

'•  Our  own  view  is  that  ratepayers  are  entitled  to  be 
remunerated  for  their  financial  guarantee  ;  but  we  would 
put  such  remuneration  on  a  basis  of  a  sum  not  exceed- 
ing J  per  cent  upon  the  outstanding  loans  for  the  time 
being.  We  think  that  any  municipality  applying  profits 
in  excess  of  that  amount  towards  the  relief  of  rates  is 
abusing  its  position.  " 

This  extract  is,  I  submit,  significant  of  the  change  in 
public  opinion.  Most  engineers  arc  agreed  that  the  nearer 
electricity  supplies  are  furnished  to  cost  price  the  better 
for  the  community  at  large. 

As  an  alternative  to  a  system  of  rate  relief  that  may  be 
laid  down  by  any  municipalitv  land  which  runs  counter  to 
the  above  proposition  regarding  cheap  supplies)  it  would 
not  be  unreasonable  for  the  ratepayers  at  large — who  would 
receive  no  direct  benefit  under  a  no-rate  relief  scheme 
— to  stipulate  that  the  supply  undertaking  should,  in  addi- 
tion to  providing  for  debt  redemption,  at  the  same  time 
make  some  provision  over  an  extended  period  of  years  for 
a  renewal  of  the  assets  of  the  undertaking  when  worn  out, 
so  as  to  avoid  recourse  to  lx)rrowing.  To  place  a  figure 
on  this  "extended  period  of  years"  is  a  question  that 
requires  very  close  consideration,  as  obviously  it  would 
not  be  fair  to  burden  present  consumers  for  the  benefit 
of  posterity. 
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During  recent  times  inventive  minds  liave  no  doulit 
found  less  opportunities  to  create  novelties,  than  they 
have  for  the  application  of  existing  inventions  in  all 
branches  of  electrical  and  mechanical  science  to  the 
present  needs  of  the  War.  Those  outside  the  immediate 
conduct  of  the  War  know  little  of  the  application  of  science 
to  military  inventions,  but  from  what  they  glean  of  the 
improvements  in  guns,  and  of  the  means  of  destroying 
hostile  submarines  and  airships— not  to  speak  of  the 
"tanks" — they  realize  that  the  imagination  and  inventive- 
ness of  military  engineers  have  been  strenuously  at  work. 

What  we,  as  electrical  and  mechanical  engineers,  do 
realize  more  fully,  however,  is  the  talent  for  organization  that 
has  shown  itself  to  have  been  latent  in  our  race,  and  that 
has  come  fully  to  the  front  recently  in  the  extraordinarily 
quick  construction  of  explosive  and  shell  factories.  Many 
of  these  have  sprung  up  like  mushrooms,  rivalling  all  the 
tales  that  we  hear  of  the  aptitude  of  our  American  friends 
for  celerity,  and  equalling  even,  as  far  as  one  can  gather, 
the  rapidity  with  which  they  have  themselves  given  us 
ever-increasing  supplies  of  munitions. 

In  the  case  of  a  large  majority  of  these  factories,  their 
rapid  construction  and  setting  to  work  would  not  have 
been  possible  had  it  not  been  for  central  power  and 
lighting  stations  being  available  ;  and  too  much  credit 
cannot  be  given  to  the  great  results  that  central  station 
engineers  have  achieved  in  meeting  the  requirements  of 
these  factories,  both  with  their  existing  plant  and  their 
extensions. 

Happily,  movements  are  on  foot  to  recognize  this  on 
a  larger  scale  than  hitherto,  and  it  is  hoped  that  in  the 
future,  when  peace  reigns  again  and  normal  conditions 
prevail,  electric  power  installations  will  be  brought  into 
the  service  of  the  people  of  the  country  without  going 
through  the  vicissitudes  in  capitalization  that  characterized 
this  development  in  the  past. 

As  far  as  the  technical  developments  of  means  of  pro- 
ducing electricity  are  concerned,  these  have  been  more 
in  detail  than  fundamental,  but  the  obvious  necessity  of 
economizing  fuel  is  leading  to  refinements  in  the  steam- 
utilization  plant.  Experiments  are  about  to  be  made 
with  stage  re-heating  in  steam  turbines — a  subject  with 
■which  many  members  are  already  to  some  extent  ac- 
quauited,  and  with  which  the  honoured  name  of  Ferranti 
is  associated. 

The  refinements  in  steam  generating  have  not  only  been 
achieved  by  increasing  the  efficiency  of  the  boilers  and 
mechanical  stokers,  but  the  steam  generated  has  been 
efficiently  used,  as  it  has  become  practicable  to  increase 
its  temperature  by  superheating.  Improvements  in  the 
application  of  liquid  and  gaseous  fuel  are  also  under 
consideration. 

Improvements  in  the  steam-generating  plant  are  coming 


more  into  use,  in  the  direction  of  reducing  the  expenditure 
for  labour  per  generating  unit.  This  is  mainly  achieved 
by  mechanical  firing  and  large  steam-generating  sets,  and 
by  mechanical  appliances  for  conveying  the  coal  from 
railway  truck  or  ship  right  into  the  furnace  without 
manual  labour,  and  conveying  the  ashes  to  the  dump, 
mechanically  or  pneumatically.  Economies  of  space  and 
cost  of  building  are  incidental  to  this  development. 

Though  this  Address  is  affected  by  the  War,  a  topic 
that  pervades  us  night  and  day,  I  do  not  think  it  would 
be  complete,  or  that  I  should  be  justified  in  dealing  as 
cursorily  with  the  technical  aspects  of  our  profession,  if  I 
were  not  to  touch  upon  the  "  after- War  "  problems  that  will 
present  themselves  to  us  and  call  for  greater  and  improved 
efforts  on  the  part  of  employer  and  employed  and  the  ser- 
vices of  the  electrical  engineer  to  at  least  the  same,  if  not 
a  greater,  extent  than  of  engineers  specializing  in  any  other 
department  of  engineering. 

The  first  thing  that  naturally  occurs  to  one's  mind  on 
hearing  the  words  "  Trade  after  the  War  "  is  the  protection 
of  our  industries  from  competition  with  enemy  and  neutral 
nations  ;  but  this  is  not  going  to  the  root  of  the  matter, 
and  perhaps  I  shall  have  something  to  say  about  this  later. 
The  suggestion,  however,  at  least  shows  that  one  cannot 
approach  the  subject  without  .appealing  to  what  was  at 
one  time  a  political  controversy,  and  political  subjects  at 
this  war  time  we  are  supposed  to  avoid.  I  should,  how- 
ever, like  now  to  assert,  what  has  been  stated  by  Canadian 
statesmen  when  visiting  this  city,  that  this  subject  of  so- 
called  Tariff  Reform,  or  Trade  Protection,  should  not  be 
made  a  political  football  for  the  sake  of  catching  votes,  but 
should  be  treated,  as  it  will  be  treated,  in  all  seriousness, 
as  free,  we  hope,  from  political  bias  as  the  Army  or  the 
Navy. 

Has  it  not  occurred  to  members  tliat  what  is  happening 
now  in  this  dreadful  World  War,  is  what  has  been  advo- 
cated by  the  anarchist  ?  That  is  to  say,  the  destruction  of 
all  existing  society  and  forms  of  government  for  the  pur- 
pose of  re-building  and  re-establishing  a  fair  and  a  newer 
system  of  society  in  general.  No  one  can  deny  that  this 
war  is  sweeping  away  old  ideas,  old  prejudices,  and  that 
our  pre-war  conceptions  of  things  that  are  right  and 
things  that  are  wrong  will  be,  and  are  being,  funda- 
mentally altered.  The  old  happy-go-lucky  days  of  arm- 
chair ease  and  trusting  that  things  generally  will  come 
right  somehow,  the  old  days  of  indifference  and  apathy 
are  gone  for  ever. 

If  we  are  to  emerge  from  this  War  and  taste  the  fruits  of 
victory,  it  will  be  generally  agreed  that  the  first  thing  to 
which  we  have  to  apply  our  minds  in  making  this  new 
Britain,  that  is  to  rise  like  a  phosnix  from  the  ashes  of  the 
old,  is  the  subject  of  education.  It  is  not  my  province 
to-night  to  teach  those  who  have  studied  tliis  subject  very 
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<-■  'Ik  done  to  improve  tlic  education  of 

'  o.     I  can  at  Ica>l,  however,  state  my 

<•■  -n   rules  of   the   Board  Schools, 

'■  children  into  a  class-room  under 

the  su;  ^le  teacher,  and  trying  to  mould 

them  .1       ;u l;  .1  on  a  set  of  rules  laid  down  in 

Whitehall,  is  not  the  best  way  to  get  the  best  results  out 
of  the  future  dlizcns  of  the  Empire.  It  would  be  better 
to  revert  to  some  extent  to  the  old  dominie  system,  which 
drew  out  .i  'ities  and  capacities  of 

the  pupil.  if  the  English  public 

s.  lime  in  acquiring 

tl.  n.    The  numbers 

in  liie  classes  in  the  cicmenlary  schools  will  have  to  be 
reduced.  In  the  higher  grade  and  public  schools  of 
England  the  methods  will  have  to  be  more  intensive  and 
the  State  will  have  to  take  a  hand  in  the  care  and  educa- 
tion of  what,  owing  to  the  heavy  casualties  that  the  nation 
f"*'  I  and  will  yet  have  to  suffer,  is  the  precious 

I'  children  between  the  ages  of  14  and,  say.  17. 

\\  ■•  !1  most  with  rcg.ird  to  education,  as 

an  en.,  ty,  is,  however,  perhaps  tlie  question 

of  technical  education  and  apprenticeship.  Much  has 
been  written  on  it,  and  there  is  hardly  any  subject  which 
has  been  more  discussed.  Curiously  enough,  at  one  time 
the  trade  union  societies  endeavoured  to  limit  the  number 
of  apprentices  which  a  firm  could  bind,  in  proportion  to 
the  number  of  journeymen  employed.  This  was  part  and 
parcel  of  the  Rencr.il  scheme  before  the  War,  wliich  they 
had  m  mind,  that  the  restriction  of  output  meant  additional 
wealth  in  the  form  of  wages  to  them.  The  employer,  on 
the  other  hand,  wanted  to  employ  as  many  apprentices  as 
suited  him,  and  allowed  these  youths  to  come  into  his 
works  and  acquire  as  much  knowledge  and  practice  of  the 
particular  trade,  to  which  they  were  bound,  as  their  capa- 
bilities and  industry  would  permit.  The  old-time 
apprentice,  I  need  hardly  say,  was  bound  to  a  master, 
and  the  master  in  return  for  services  had  certain  direct 
duties  to  perform,  all  specified  in  the  apprenticeship 
bond.  Itut  the  old  master  did  take  a  pride  in  his 
apprentice  and  did  teach  him  all  he  knew,  and  we 
read  and  hear  of  some  cases  where  the  apprentice 
exceeded  in  skill  his  master.  Many  members  may  have 
!>ccn  the  apprentice  pillar  in  Rosslyn  Chapel  as  an  instance 
of  this.  It  is  easy  to  glean  from  these  remarks  what  I  am 
<1'  '       '         f  the  trade  unions  wish  to  limit 

I  -.  the  masters,  as  a  rule,  do  not 

).'  >   the   education   and    teclmical 

'■  ^  niuliT  their  care.     This  must 

1  '\  .ir  will  sec  to  that ;  for, ' 

■  ,    ,:;    awhich  the  dilution  of 

1  >n  the  old  methods  of  training 

'^ unions  will   see,  with  so  many 

'  ir  ranks  to  fill  up,  that  the  restriction  of 

'  '  '      I  fatal  policy  ;  aod 

'  .11-  with  and  a  little 

I  .   h  of  the 

i  ..!v    will 

1    a 

;  .  .4nd 

I  nation  in  the  shortest  possible 

t <■■'] 

la  ooe  work*  in  ii  salaried  men  arc  employed 


— responsible  only  to  the  works  manager — whose  sole  duty 
it  is  to  teach  the  apprentices  and  bring  them  on,  and  it  has 
been  found  that  this  is  very  beneficial,  not  only  to  the 
apprentices  but  also  to  the  employers.  They  have  tried 
many  other  things  with  regard  to  apprentices.  They  have 
erected  a  restaurant  and  provided  facilities  for  cheap  and 
wholesome  food,  recognizing  th.it  young  and  growing 
youths,  working  hard  and  long  hours,  require  perh.ips 
better  sustenance  than  they  would  otherwise  get.  They 
have  also  thought  out  a  system  whereby  the  better  educated 
and  brighter  boys  can  get  a  technical  education  as  part  of 
their  apprenticeship  system,  and  as  part  of  tlicir  duties  to 
the  apprentice.  They  have  tried  that  system,  but  with 
regard  to  the  latter  part  of  it  I  am  sorry  to  sa.y  that  up  to 
the  present  the  success  has  not  been  altogether  W>»»t  thev 
expected,  owing  to  the  want  of  receptivity  and  sympjiUiy 
on  the  part  of  the  lads,  and  other  causes,  but  they  are  sure 
that  they  are  on  the  right  lines,  and  that  in  the  end  they 
will  succeed. 

It  is  possible  that  technical  training  throughout  the 
country,  and  the  apprentice  system,  will  have  to  be 
taken  in  charge  by  a  central  authority.  People  may  say 
that  this  must  be  done  by  the  Government  and  that 
the  Goverrimcnt  must  act  at  once  and  act  quickly,  and 
they  are  right.  Well,  the  Government  will  not  act, 
and  it  will  not  act  quickly,  unless  we  can  go  to  them  and 
take  in  our  hands  a  mandate  from  their  masters.  Our 
Constitution  and  our  political  system  is  such  that  we 
cannot  think  out  any  of  these  reforms  and  any  of  these 
new  systems  without  coming  back  and  being  faced  at  every 
turn  by  this  elementary  political  principle. 

With  reg.ard  to  technical  education,  wlicn  and  how  is  it 
to  be  applied  ?  Arc  the  youths  to  work  from  half-past  six 
o'clock  till  half-past  five,  and  then  go  to  their  evening 
schools,  j.idcd,  tired  and  weary  ?  Arc  these  youths  to 
work  in  pairs  and  thus  be  allowed  so  many  days  a  week  to 
work  in  the  shop  and  the  remainder  of  the  time  to  work  at 
the  college  ?  Arc  they  to  work  so  many  years  at  the  bench 
and  so  many  years  at  college  ?  Are  they  to  work  in  the 
summer  at  the  bench  and  in  the  winter  at  the  college  ? 
These  are  all  systems  which  have  been  tried,  and  which 
have  been  advocated,  and  what  I  would  say  is  that  for 
some  classes  of  apprentices  one  system  is  the  better,  and 
for  another  class  another  is  the  better.  Possibly,  for  the 
more  highly  educated,  the  shops  in  the  summer  and  the 
university  in  the  winter  will  give  good  results.  A  system 
of  a  4  or  5  years'  apprenticeship — the  first  year  at  the 
technical  college,  the  next  year  with  an  afliliated  company, 
the  third  year  again  at  college,  and  the  fourth  and  tilth 
years  in  the  shops,  has  worked  exceedingly  well.  Hut 
these  are  all  subjects  which  mii-t  be  dealt  with,  and  can 
only  be  dealt  with,  like  every  other  subject  in  connection 
with  trade  after  the  War,  by  conferences  and  alliancet 
between  masters  and  men,  scctionalizcd  into  their  various 
trades  and  divisions. 

The  subject  of  technical  education  naturally  leads  one 
on  to  the  subject  of  rescirch  and  experiment.  We  have 
seen  in  this  country  the  difliculties  that  the  Allies  got  into 
when  they  were  wanting  in  co-uidin.ition,  which  cn.iblcd 
our  enemy  t"  shuttlecock  lus  armies  from  one  front  to 
another.  When  we  were  able  to  organize  and  coordinate 
all  our  forces  and  to  act  with  one  mind,  a  different  -^t.»lc  of 
:   a<lairs  soon  manifested  itself,  and  what  h.a$  been  true  of 
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the  figliting  on  the  Continent  will  be  true  in  our  Trade 
Fight  after  the  War.  No  longer  naust  each  firm  fight 
entirely  for  itself.  No  longer  must  thej'  keep  their  own 
experiments  and  researches  secret  for  their  own  individual 
benefits.  There  must  be  a  freer  interchange  of  views,  a 
freer  disclosure  of  results,  or  associations  in  the  various 
trades  so  that  their  researches  can  be  combined  and  the 
results  of  this  research  mutual.  In  fact,  any  business 
which  refuses  to  act  in  this  co-operative  way  will  be 
avoiding  a  public  dutj',  with  possibly  dangerous  results  to 
its  continued  existence.  Here,  indeed,  is  a  duly  then  for 
learned  societies  to  help  more  than  ever  they  have  done  in 
the  past  with  research  work,  to  do  something  practical  and 
useful,  rather  than  shrivelling  up  into  societies,  debating 
only  those  subjects  which  practical  firms  do  not  desire  to 
keep  to  themselves.  I  am  thankful  to  say  that  our  Institu- 
tion is  fully  alive  to  this.  It  has  a  Research  Committee  of 
its  own.  It  is  working  in  conjunction  with  the  Committee  of 
the  Privy  Council  and  other  bodies,  and  I  take  it  that  what 
we  are  doing  is  being  done  by  others. 

We  now  come  to  the  question  of  population  and  labour. 
It  has  been  said,  but  not  well  said,  that  all  wealth  is  the 
result  of  labour.  It  would  be  truer  to  say  that  all  wealth 
is  the  result  of  well-directed  labour,  which  means  labour 
and  brains,  whicli  is  another  way  of  saying  that  the  wealth 
of  a  nation  depends  upon  its  power  of  production  and  its 
ability  to  produce.  With  large  numbers  of  men  killed 
or  disabled,  our  power  of  production  will  be  lessened 
when  the  War  is  finished,  and  we  shall  need  all  the  brains 
and  labour — skilled,  semi-skilled  or  unskilled — that  is  then 
available.  We  must  recuperate,  and  recuperate  quickly, 
if  we  are  to  keep  our  place  in  the  world,  and  if  we  are  to 
compete  with  neutral  nations  which  have  been  progressing 
while  we  fight,  and  whose  populations  have  not  been 
diminished  in  the  way  they  will  be  with  the  belligerent 
nations.  How  are  we  going  to  get  over  that  ?  We  must 
do  it  by  uprooting  from  the  minds  of  the  workers  that 
fallacious  theory  that  the  restriction  of  output  increased 
the  wealth  of  the  nation  by  creating  a  scarcity  in  com- 
modities, and  therefore  restricting  the  markets.  We  must 
do  it  by  using  our  brains  and  inventive  faculties  for  every 
possible  labour-saving  appliance  which  will  tend  to 
cheapen  manufacture.  We  must  do  it  by  everyone 
waking  up  to  the  fact  that  we  must  quarrel  no  more 
amongst  ourselves,  and  that  capital  and  labour  must  work 
hand  in  hand.  There  must  be  no  more  avaricious  em- 
ployers. We  must  have  no  idle  or  unreasonable  workmen. 
How  is  all  this  to  be  done  ?  How  is  a  better  understand- 
ing between  employer  and  emploj-ed  to  be  arrived  at  ? 
How  are  strikes  and  lock-outs  to  be  prevented  ?  These 
are  problems  which  no  one  man  can  solve,  but  these  are 
problems  about  which  we  must  all  think  ;  and  as  everj' 
little  tells,  so  every  individual  elTort  to  attain  these  objects 
will  be  something  done  to  build  up  the  bulwarks  of  our 
Empire  and  to  show  our  enemies  that  in  trade  matters, 
as  we  have  shown  them  in  military  matters,  we  are  not 
indeed  a  decadent  nation. 

Some  people  may  think,  especially  those  who  have  had 
control  of  a  large  number  of  workmen,  that  the  problem 
of  a  better  understanding  betvi-een  emplo3-ers  and  em- 
plov'cd  is  almost  insoluble ;  but  when  both  sides  are 
working  with  singleness  of  aim  to  attain  the  same  result, 
it  is  astonishing  how  matters  can  adjust  themselves  and 
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how  difficulties  previously  conceived  to  be  insuperable 
melt  away.  As  an  instance  of  this,  we  have  the  result  of 
the  meeting  of  over  3,000  representatives  of  the  mining 
industry  held  in  London  last  month  unanimously  adopting 
a  resolution  pledging  itself  to  do  everything  in  its  power, 
by  co-operation  between  employers  and  workmen,  to 
secure  an  increase  in  the  output  of  coal. 

I  referred  at  the  beginning  of  my  remarks  to  the 
question  of  protection  of  our  industries  from  competition 
with  enemy  and  neutral  nations.  This  is  a  question  which 
concerns  not  only  ourselves,  and  when  I  say  ourselves  I 
mean  our  colonies  and  dependencies,  and  those  other 
nations  which  form  part  of  the  British  Empire,  as  well  as 
our  Allies  in  the  present  War.  The  Paris  Conference,  we 
understand,  dealt  with  this  matter  and  we  could  not  at 
the  present  time  lay  down  any  hard  and  fast  rules  or  ideas 
as  to  how  this  matter  should  be  treated.  Some  Professors 
of  Economics  still  think  that  Free  Trade  as  practised 
before  the  War  should  be  adhered  to,  and  they  still  use  the 
same  argument  that  putting  up  a  protective  wall  would 
re-act  on  the  consumers  at  home.  But  I  think  we  may  take 
it  that  the  general  opinion  of  the  country,  and  certainly  the 
opinion  of  the  home  of  Free  Trade — at  least  if  we  can 
judge  by  the  action  of  the  Manchester  Chamber  of 
Commerce — is  that  something  should  be  done  by  whicli 
new  industries  may  spring  up  to  employ  our  population  in 
the  manufacture  of  articles  which  might  as  well  be  made 
in  this  country,  with  our  own  labour,  as  be  made  in 
Germany,  because  in  the  past  we  have  been  too  apathetic 
to  exploit  and  carry  on  some  of  those  industries,  the  process 
of  which  our  own  people  were  the  first  to  invent. 

We  knew  in  pre- War  times  what  relentless  competitors 
the  Gernjans  were.  We  have  every  reason  to  assume 
that  after  tlie  War  they  are  bound  to  attempt  to  build  up 
their  credit  by  still  greater  efforts,  and  while  we  can 
prevent,  if  thought  necessary,  our  own  country  from  being 
their  happy  hunting-ground  in  the  future,  we  cannot 
preclude  them  from  competing  with  us  in  neutral  coun- 
tries, or  any  countries  in  which  the  question  of  cost  is 
considered  along  with  the  question  of  nationality.  It  is 
not  only  energy  in  the  ordinary  sense  of  the  term,  pro- 
duced by  the  will  to  achieve,  that  will  accomplish  this, 
but  the  will  to  achieve  must  be  associated  with  the  will  to 
acquire,  and  the  Government  must  put  our  labour  con- 
ditions, our  trade  conditions,  and  our  capital  conditions, 
on  such  an  improved  footing  that  other  countries  can  say 
of  Great  Britain  that  they  are  the  most  enterprising  in 
meeting  the  needs  of  those  countries,  the  most  scientific 
in  their  designs,  the  most  apt  in  carrj'ing  out  a  transaction, 
and  the  most  honest  in  their  workmanship  and  materials. 

This  brings  us  back  again  to  the  question  of  education 
and  languages.  We  must  protect  ourselves  in  this  respect ; 
business  men  trading  in  foreign  markets  should  either 
themselves  or  through  their  agents  have  a  knowledge  of 
the  languages  of  the  countries  in  which  we  wish  to  establish 
ourselves  so  firmly  that  the  Germans  cannot  oust  us. 
What  is  more  important  to  us  almost  than  a  thorough 
knowledge  of  the  languages  is  the  study  of  the  national 
characteristics  and  business  customs  of  those  countries. 
To  take  one  instance  at  the  present  time,  a  great  deal  of 
thought  and  some  organization  is  taking  place  with  regard 
to  trade  with  Russia.  Chambers  of  Commerce,  univer- 
sities and  corporations   are  on  the   point  of   establishing 
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Kiissian  Institutes,  and  as  members  an-  proliably  aware 
an  Anglo-Kussian  Chamber  of  Commerce  li3>  been  cMab- 
liihed  in  London.  The  whole  scheme  is  .i  question  of 
co-operation  with  Russia,  so  that  tlicrc  ni.iy  be  an  inter- 
change of  ideas,  an  interchange  of  students,  and  an 
interchange  of  commercial  information.  Naturally  Russia, 
when  the  W  ar  is  finished,  cannot  be  so  friendly  with  that 
nation  who  had,  at  all  events  regarding  machinery,  a  great 
control  of  their  business.  I  do  not  think  I  should  be 
wr<-r.ein  st.ilinc  that  the  ordinary  commercial  language 
,,  V   the  War  w.is  the   German.      Now   that 

„  4ed,  and  if  we  wisli  to  profit  by  business 

V  .  .-md  if  they  wish  to  profit  by  business  with  us. 

\^  ahead  in  order,  as  I   have  said,  to  protect 

c  h  a  careful   study  of  the  language,  national 

t:  iT.i.  iiMMics,  and  business  customs  of  Russia.  And  what 
nf'-rs  to   Russia  refers  to  every  other  allied  or  neutral 

V. 

..petition  with  neutral  countries  and  other  products 
nul  only  in  our  own  markets,  but  again  in  the  markets  of 
the  world,  as  1  mentioned  above,  is  nnd  will  be  severe. 
.\re  we  going  to  rouse  ourselves  \  ir  apathetic 

condition  ?     Why  is  H  that  we  ;  er  c.iunlries 

to  outstrip  us  in  the  race?  Is  it  true,  .as  some  say,  that 
America  in  the  electrical  indusUy  has  outstripped  Great 
Britain  •  When  we  have  such  names  as  Faraday,  Swan, 
Kel\'in,  why  bhould  the  electrical  industry  take  second 
place,  if  it  has  ?  Yet  possibly,  for  the  want  of  research, 
for  the  want  in  the  past  of  Government  support,  our 
industry,  which  has  indeed  made  such  wonderful  progress 
evcnduringthelifclime  of  younger  men  than  myself,  hashecn 
outstripped  by  Germany  and  .Vmerica.  The  incan^iesccnl 
lamp  industry  is  an  insUnce.  I  cannot  tell  from  personal 
experience  if  .\merican  practice  in  power  work  has  out- 
stripped the  power  work  of  this  country,  but  I  do  know  that 
j^.  rms  have  been  more  enterprising  by  cstablish- 

,.  companic^  than  our  own  pioneers  and  capita- 

1  ,ursc,  a  great  deal  of  this  lagging  behind  other 

f-.  .IS  been  the  result  of  Government  legislation. 

Who  does  not  remember  the  Klectric  Lighting  Acts  of  the 
eighties?  What  difticullics  have  been  created  in  high- 
tension  transmission  by  the  Post  Office  and  Bo.vd  of  Trade 
rules  ?  Then  take  the  question  of  electric  traction.  This, 
durinc  the  last  few  years,  has  been  going  ahead.    We  have 

11  of  electric  trams,  but  we, 

;ic,  haven't  a  single  electric 

iiict.      I    believe  the  same 

nnd  what  it  means  is  this, 

,  work  of  this  sort 

1  s  will  go  to  those 
;  countries  who  can  .and  do  cater  for  their 
t*. 

arc  of  courte  aware  that  pari  of  the  present 
i  -  Is  to  facilitate  finance  for  tr.adc 

,  fiovernmenl  proceed   on    more 

■      '     no 
on, 

;n_ic.ise<l 

of  these 

,  .   Ministiy  of  Com- 

,  Not  on  the  line< 


of  the  Board  of  Trade,  which  collects  for  us  and  for  the 
country  excellent  d.ila  and  statistics,  limils  !he  number  of 
pa-Nengcrv  wc  may  carry  on  our  sliips  and  river  steamers, 
e\.imine»  and  tests  our  marine  boilers,  but  takes  no  interest 
in  our  land  boilers  imless  they  explode,  and  which  issues 
pr<  I  visional  orders  and  regulations  that  very  often  prove 
ob>tructive.  In  trade  it  is  not  reallv  helpful.  It  gives  us 
no  information  of  new  business,  riud  therefore  a  new 
Ministry  of  Commerce,  in  my  opmion,  is  a  necessity. 
Connected  with  the  new  Ministry  of  Commerce,  which  so 
many  eminent  industrial  men  Uiink  deMiaWe,  tliere  should 
be  a  new  consular  system,  more  active,  more  informative, 
and  with  more  power.  Our  present  consular  svstem  is 
bound  up  with  the  old  demon  of  red  tape.  I  know  from 
.igenls  in  foreign  countries  that  the  routine  net«$sary  to 
^et  information  from  the  Foreign  Office  sometimes  viij^es 
at  least  two  years,  while  foreigners  could  get  the  samfr .. 
information  which  would  enable  them  to  obtain  the  order 
against  ourselves  in  two  days.  That  is  what  wc  h.ive  been 
up  against  and  what  we  shall  be  up  against,  and  therefore  it  is 
obviously  necessary  that  one  of  the  bricks  of  our  new  fabric 
niu>t  be  a  redeemed  and  re-organized  consular  service. 

Many  reasons  have  been  put  before  the  Government,  and 
they  have  received  many  deputations  with  regard  to  the 
Ministry  of  Commerce.  The  .is.sociated  Chambers  of 
Commerce,  you  will  remember,  sent  a  deputation  to  inter- 
view Mr.  Asquith,  and  perhaps  will  also  remember  how 
the  Prime  Minister  received  that  deputation  :  how  he  said, 
when  it  was  pointed  out  to  him  that  a  Government  should 
at  least  have  one  Department  of  business  men  to  guide  a 
business  nation,  that  he,  as  a  lawyer,  had  spent  most  of  his 
life  in  gelling  business  men  out  of  ditVicult  situations  into 
which  thev  had  got  themselves.  I  believe  he  called  these 
difficult  situations  "  holes."  I  bring  this  incident  to  members' 
attention  in  order  to  remind  them  that  in  this,  as  in  other 
matters  I  have  indicated,  we  can  expect  no  help  from  the 
Government  unless  our  requests  are  accompanied  by  a 
strong  popul.ir  demand, 

This  Ministry  of  Commerce  would,  wc  see,  poach  on  the 
preserves  of  the  Board  of  Tr.ade  and  the  Foreign  OHice, 
but  it  would,  I  hope,  be  even  more  f.ar  reaching  than  this, 
for  I  should  like  it  to  take  in  hand  the  housing  of  the 
workers,  and  thus  encroach  upon  the  duties  of  the  Local 
Government  Board,  or  at  all  events  work  hand  in  hand  with 
this  department. 

For  I  am  convinced  that  the  root  of  much  of  the  indus- 
trial  umest  and  discontent  is  planted  in  the  fertile  soil  of 
b.ad  liousing  and  miserable  environment.  I  have  no  fear 
of  contradiction  wlicn  1  s.ay  that  those  employers  of  l.ibour 
who  will,  in  Ci'njunction  with  the  Gt.venimcnt  and  local 
authorities,  look  after  the  housing  of  llieir  wi  kpc  .pie,  will 
attract  a  better  class  of  worl;"^•. n  wh"  will  peunaiiently 
stay  with  Uuin  l»  the  adv,M 

I  am  afraid  that  my  rem..  ^l•,  have  iiol  dcill,  in 

the  usual  ntanner.  exclusively  with  our  own  iiidustiy,  and 
for  that  I  offer  my  apologies,  but  if  any  words  I  have  s,iid 
will  lend  to  lift  but  an  individual  out  of  his  own  gror.vc 
.ind  cause  him  to  think  what  is  to  be  the  fate  of  our  nation, 
and  what  he  can  do  toward*  the  rebuilding  of  our  F.inpire  and 
the  making  of  a  new  n.iiion,  then  I  shall  not  have  addiessed 
yon  in  vain. 
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591st    ordinary    MEETING,    9    NOVEMBER,    1916. 


Mr.  C.  P.  Sparks,  President,  took  the  chair  at  8  p.m. 

The  minutes  of  the  Annual  General  Meeting  lield  on  the 
nth  May,  1916,  were  taken  as  read,  and  were  confirmed. 

The  list  of  candidates  for  election  and  transfer  approved 
by  the  Council  for  ballot  was  taken  as  read,  and  was 
ordered  to  be  suspended  in  the  Hall. 

The  following  donations  were  announced  as  having 
been  received,  and  the  thanks  of  the  meeting  were 
accorded  to  the  donors  : — 

Benet'oleiit  Fiiiui  ;  A.  H.  Bate,  S.  E.  Britton,  The  Diesel 
Engine  Users'  .Association,  M.  Farrer,  Messrs  W.  T. 
Henley's  Telegraph  Works  Co.,  Ltd.,  H.  V.  Henniker, 
W.  Judd,  E.  de  IM.  Malan,  Professor  T.  Mather,  F.R.S,, 
F.  H.  Nicholson,  E.  Parry,  The  Public  Trustee  for  the 
late  Mr.  E.  Donovan,  S.  Sharp,  J.  L.  Smith,  R.  T.  Smith, 
J.  K.  Stothert,  W.  W.  Thomas,  and  The  "  25  Club." 

Building  Fiimi  :  J.  S.  Highfield. 

Lthrary  :  Colonel  \V.  F.  Badgle)',  C.  J.  Beaver,  The  Ben- 
nett College,  The  Board  of  Education,  J.  O.  Boving,  The 
Canadian  Minibtry  of  Trade  and  Commerce,  W.  C.  Clinton, 
\V.  Corin,  The  Director  General  of  Electric  Exploitations 
(Japanese  Department  of  Communications),  Tlie  Electrical 
Society  (New  York),  The  Engmeering  Standards  Com- 
mittee, A.  P.  M.  Fleming,  Dr.  C.  C.  Garrard,  Sir  Robert 
Hadfield,  F.R.S.,  H.M.  Inspector  of  Factories,  The  Institute 
of  Radio  Engineers,  W.  H.  N.  James,  The  Japanese 
Imperial  Department  of  Communications  (Electrotechnical 
Laboratory),  Dr.  G.  Kapp,  C.  H.  Merz,  Office  National  des 
Universites  et  Ecoles  Frangaises,  C.  Polychronis,  L.  G. 
Radcliffe,  F.  C.  Raphael,  .Messrs.  Rentell  &  Co.,  Ltd.,  The 
United  States  Bureau  of  St.andards,  The  United  States 
Department  of  Agriculture,  \V.  L.  Upson,  L.  H.  Walter, 
and  W.  Wilson. 


Museum  :  H.  B.  Bompas,  J.  O.  Girdlestone,  The  Liverpool 
Corporation,  and  J.  H.  Rider. 

The  President  announced  that  the  Council  had  elected 
Professor  G.  Carey  Foster,  LL.D.,  D.Sc,  F.R.S.,  to  be 
an  Honorary  Member  of  the  Institution. 

The  Premiums  referred  to  in  the  Annual  Report  of  the 
Council  for  the  year  1915-16 '■  were  then  presented  by  the 
President. 

The  President  :  Tiic  Council  have  awarded  Dr.  S.  Z. 
de  Ferranti  the  Willans  Gold  Medal  and  Vellum  Certificate 
for  his  Inaugural  .Address  as  President  on  the  6th  Novem- 
ber, 1910.  The  Willans  Premium  is  awarded  alternately 
every  three  years  by  the  Institution  of  Mechanical 
Engineers  and  by  our  Institution,  that  is  to  say,  every 
six  years  our  Institution  awards  the  Premium  to  the  author 

I   of  what  the  Council  considers  to  be  the  best  paper  read 

I  since  the  previous  award.  It  is  with  the  very  greatest 
pleasure  that  I  present  my  old  friend  Dr.  Ferranti  with 
this  Premium.  .Although  delivered  six  years  ago,  his 
Address  is  as  well  worth  reading  to-day  as  it  was  on  the 
day  it  was  written.     We  are  still  trying  to  work  on  the 

I  lines  laid  down  in  that  Address,  and  I  am  sure  it  will 
alwaj's  be  regarded  by  the  Institution  as  one  of  the  most 

j   epoch-making  papers  we  have  had. 

Dr.  Alexander  Russell,  Vice-President,  then  delivered 
the  Eighth  Kelvin  Lecture,  entitled  "  Some  Aspects  of 
Lord  Kelvin's  Life  and  Work  "  (see  page  i). 

A  vote  of  thanks  to  the  Lecturer  was  proposed  by  the 
President  and  seconded  by  Dr.  S.  Z.  de  Ferranti,  and  was 
carried  with  acclamation. 

The  meeting  adjourned  at  9.15  p.m. 

•  Jouriiiil  I.E.E.,  1916,  vol.  54,  p.  553. 


592nd   ORDINARY   MEETING,   23   NOVEMBER,    1916. 


Mr.  C.  H.  WoRDiNGH.AM,  Vice-President,  took  the  chair 
at  8  p.m. 

The  minutes  of  the  Ordinary  Meeting  held  on  the  9th 
November,  1916,  were  taken  as  read,  and  were  confirmed. 

The  Chairman  announced  that  the  Council  had  elected 
Sir  William  Shngo  to  be  an  Ordinary  Member  of  Council 


in  place  of  Captain  R.  J.  Wallis-Jones,  who  had  resigned 
on  account  of  pressure  of  his  military  duties. 

Messrs.  A.  E.  A.  Ridgway  and  T.  P.  Shilston  were 
appointed  scrutineers  of  the  ballot  for  the  election  and 
transfer  of  members,  and,  at  the  end  of  the  meeting,  the 
result  of  the  ballot  was  declared  as  follows  : — 
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Elections. 

U  ember. 

Hutchison,  Donald  Maxwill  W. 

Aisociale  Members. 


Baker,  John  Austin.  Lieut., 
A.S.C. 

Hildock,     Frederick    Row- 
land. 

Battle,  George  Richard. 

lioyton,  Robert  .Mcxandcr  S. 

Broomfield,     Frederick 
Harr)-. 

Buckley.      Percival,     Capt., 
R.E." 

Clegg.  Fred. 

Cx)rbctt.  Robert  William  T., 
and  Lieut.,  R.K.  (T.). 

Thomas,  Th 


Fraenkel,  Poul  Hermann. 
Fraser,  Alex.andcr. 
Fraser,  William. 
Frcrc,  Edou.ird. 
Grapes,  Herbert  John. 
Hoplon,  John  Henry. 
Packer,  John  Lewis. 
Pallolt,  Charles  Frederick. 
Redclift,  Stanley  Wliitlock. 
Rorke,    Alexander,    Lieut., 

R.E. 
Sloan,  Alastair  Drew. 
Smith,  John  Ralfe. 
omas  Recs. 


Graduates. 

Basu,  Bhupendra  Nath.  Chang,  Si  Yung. 

Bowey,  Norman.  de  Oliveira,  Antonio  Carlos. 

Brodiky.  Vladimir.  Iyer,  Sesh:igiri  Subramania. 

Lane,  Eugenio  Salles. 

Students. 


Aldun.-ite,  Alfredo. 
Ballard,  Clarence  Mansfield, 

2nd  Lieut.,  R.K. 
Bennett,  Owen  Hewett  I). 
Binnie,  Richard  Douglas. 
Buist,  David  Maxwell. 
Burgum,  William  Thomas. 
Church,  Leonard  Phillips. 
Clcgg,  Percy. 
Cowen,     John     Sydney 

Maurice. 
Entwistle,   Gertrude    Lilian 

[Miss]. 
Gibson,  Henry  Joseph. 


Gordon -Campbell,   William 

Francis. 
Grace,  Arthur  William. 
Gresty,  George. 
Hopwood,  Edward  Ernest. 
Hose.ison,  Donald  Bright. 
Ives,  Charles  Laurence. 
Moffat,  James. 
Osborne,  Ralph. 
Perry,  John  l-"raiicis. 
Kadley,  William  Gordon. 
Rcily,  I'ercy  Arthur. 
Riley,  Thomas  Sharp. 
Rogers,  Arthur  Harry  E. 


Studenls- 
Storcy,  Charles  Ernest. 
Tapsell,  Herlurt  James. 
Tliomas,  William  John. 
Thornton,  Cecil  V. 


continued. 
Wheatley,  Edwin  Kenneth. 
Wilkinson,  Harold  Claud. 
Wilson,  Stuart  Keith. 
Wust,  Alexandre. 


Transfers. 

Associate  Member  to  Member. 
Digby,  William  Pollard.  Launchbury,     Frederick 

Gardiner,  Bernard  Calwood-  James. 

ley.  Major,  R.M.L.I.  Matthewman,     Thomas 

Henry. 
White,  Bruce  Gordon. 

Associate  to  Associate  .Member. 
Shepheard,  Hubert  Beaumont. 

Graduate  to  Associate  Membci. 
Danson,  John  Rhys.  Grice,  Percival. 

Golden,  Randal  Eugene.  Hilder,  Walter  Trevethan. 

Gomes,  Jose  Vaz  Montciro.        Monson,  Lewis  Oswald. 

Wilkinson,  Frederick  Randolph. 

Graduate  to  Associate. 
Barr,  Thomas  Hall. 

Student  to  Associate  Member. 


Hill,  Laurence  Davenport. 
Hughes,      Philip       Robert, 

Lieut.,   R.F.A. 
James,  Reginald  Northcott. 
Lisle,  Arthur,  H.Sc. 
Martin,  Ralph  Otway. 
Phelps,  Henry  Danipier. 
Philipp,  Richard  Charles. 


Abbott,  John  Russell. 

Algar,  Horace. 

Anderson,    Sydney    Drum- 

mond,  Lieut.,  R.E.  (T.). 
Ashworth,  lidgar  Philip. 
Boa,  Frederick  Crossley. 
Fruhe-Sutcliffe,  Reginald. 
Gwyther,  Henry  James. 

Ryley,  Walter. 

Student  to  Graduate. 
Martins,  Almir  Machado.  Wilkin,  David. 

Smith,  Maxwell.  Willcock,  Arthur. 

Williams,  Thomas  Davies. 

A  paper  hf  Mr.  J.  S.  Peck,  Member,  entitled  "The 
Parallel  Operation  of  Electric  Power  Stations "  (see 
p.age  6i),  was  read  and  discussed,  and  the  meeting 
adjourned  at  9.50  p.m. 


INSTITUTION    NOTES. 


63 


INSTITUTION    NOTES. 


ELECTION    OF    AN    HONORARY    MEMBER. 

The  Council  have  elected  Professor  G.  Care)'  Foster, 
LL.D.,  D.Sc,  F.R.S.,  Past  President,  to  be  an  Honorary 
Member  of  the  Institution. 


NEW   MEMBER    OF   COUNCIL. 

The  Council  have  elected  Sir  William  Slingo  to  be  an 
Ordinary  Member  of  Council  to  fill  the  vacancy  caused  by 
the  resignation  of  Captain  R.  J.  Wallis-Jones. 


REPRESENTATIVES    OF    THE    INSTITUTION   ON 
OTHER   BODIES. 

The  following  is  a  list  of  representatives  of  the  Institu- 
tion on  other  Bodies,  and  the  dates  on  which  they  were 
appointed  : — 


Body 
British  National 
Committee  of  the 
International  Illu- 
mination Com- 
mittee 


Representative 
Mr.  F.  Bailey 
Mr.  W.  Duddell 
Mr.  K.  Edgcumbe 
Mr.  H.  T.  Harrison 
Prof.  J.  T.  Morris 


Conjoint    Board    of     Sir  John  Snell 
Scientific  Societies     Mr.  C.  P.  Sparks 


Mr.  J.  Christie 


Mr.  J.  S.  Highfield 


Corrosion  Com- 

mittee of  the  Insti- 
tute of  Metals 

Engineering  Com- 
mittee of  the 
Advisory  Council 
for  Scientific  and 
Indus  tiialResearch 


Engineering    Stand-     Col.  R.  E.  Crompton 
ards    Main     Com-     Sir  John  Snell 
mittee  Mr.  C.  P.  Sparks 

General  Board  of  the    Mr.  R.  T.  Smith 
National   Physical     Sir  John  Snell 
Laboratory 

Governing  Body   of     Mr.  W.  Duddell 
the  Imperial  Col- 
lege of  Science  and 
Technology 

Governing    Body  of     Mr.  C.  P.  Sparks 
the      School       of 
Metalliferous  Min- 
ing (Cornwall! 

Munitions        Inven-     Sir  John  Snell 
tions    Department 
( Panel) 


Date  of  appointment 
27  Nov.,  1913 


29  June,  1916 


13  Jan.,  1916 


9  March,  1916 


2  April,  1914 


26  Nov.,  1914 
21  May,  1 914 


21  May,  1914 


23  Jan.,  1913 


12  Oct.,  1916 


Body 

National  Conference 

of  Representatives 

of  Gas  and   Elec- 

tricityUndertakings 

Sectional  Electrical 
Committee  of  the 
EngineeringStand- 
ards  Committee 


Representative       Date  0/ appointment 
Mr.  J.  S.  Highfield  29  April,  1915 

Mr.  C.  P.  Sparks 


Mr.  W.  Duddell  21  May,  1914 

Mr.  F.  Gill 

Mr.  J.  S.  Highfield  „ 

Mr.  R.  T.  Smith 

Mr.  C.  H.  Wordingham     18  Nov.,  1915 


INCOME  TAX. 

The  following  reply  has  been  received  by  the  Institution 
of  Civil  Engineers  to  a  letter  (26  June,  1916),  on  behalf  of 
various  professional  Societies  (including  the  Institution 
of  Electrical  Engineers),  drawing  the  attention  of  the 
Chancellor  of  the  Exchequer  to  the  position  of  many 
professional  men  as  regards  income  tax  under  present 
conditions  : — 

Treasury  Chambers, 

Whitehall,  S.W. 

17  July,  1916. 

Dear  Sir, 

In  reply  to  your  letter  of  the  26th  June  with  reference  to 
the  position  of  professional  men  as  regards  Income  Tax,  I 
am  desired  by  the  Chancellor  of  the  Exchequer  to  say  that 
in  the  Finance  Bill  now  before  Parliament  it  is  proposed 
to  apply  to  the  year  1916-17  the  relief  originally  conferred 
by  Section  13  (I)  of  the  Finance  Act,  1914,  Session  2. 

It  is  further  proposed  that  where  an  individual's  actual 
income  from  all  sources  for  the  year  1916-17  falls  more 
than  10  per  cent  below  the  income  as  assessed  or  charged, 
this  diminution  of  income  shall,  as  in  1915-16,  entitle  him 
to  claim  a  special  relief.  For  1916-17,  however,  in  the 
case  of  such  individuals  the  relief  is  to  take  another  form, 
viz.  the  repayment  of  the  difference  between  the  amount  of 
tax  actually  paid  or  borne  for  the  year,  and  the  amount 
that  would  be  paid  or  borne  on  the  simple  basis  of  the 
actual  j'ear's  income. 

I  am,  etc., 

(Signed)     H.  P.  Hamilton. 

J.    H.  T.   TUDSBERY,   Esq., 
Secretary,  The  Institution  of  Civil  Engineers. 


EMPLOYMENT     OF      DISABLED     SAILORS     AND 
SOLDIERS. 

Last  summer  the  Council  of  the  Institution,  in  co- 
operation with  the  Education  Department  of  the 
London  County  Council,  appointed  a  Joint  Committee 
to  make  arrangements  for  classes  at  -the  Northampton 
Polytechnic  Institute,  Clerkenwell,  E.C.,  for  giving  a 
preliminary    training    to    disabled    sailors    and    soldiers 
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a*     -  IS.      About     40    men    were    ad- 

mi!!  urses,  of  whoi^i   ?-  li.ivc  obt.iincd 

1    cicctricity   supply   11;  -,   the  re- 

■ij>  cither   found   otiicr    -  or    been 

unable  to  complete  their  courses. 

The  course^  arc  free  to  the  men  and  the  work  consists 
of  demonstrations  and  exercises  in  the  first  principles  of 
c'     ■        '  '  ^,  pr.ictical  work  in  the 

.  :iiul  demonstrations  in 
hiiic  Institute. 
jily  companies 
%i>il>are  week  ol  liie  course  to  sub- 

Stations  .t:  .  ns  in  the  London  district  and 

in>truction  is  given  by  the  men  in  actual  charge  of  the 
stations. 

A  third  group  of  20  men  have  just  completed  their 
course,  and  engineers  having  vacancies  which  could  t)C 
offered  to  them  are  requested  to  co:iimunic;itc  with  Dr. 
\Valra-»ley,  Principal  of  the  Norlliamp'.on  Polytechnic 
!n<!i'!i!c,  Clerkenwell,  London,  E.C.,  who  will  also  be 
■  send  lull  particulars  and  .ipplic.ition  forms  for 
!  to  the  courses  to  disabled  sailors  or  soldiers 
wishmg  to  join. 

The  question  of  extending  the  scheme  to  other  towns  is 
under  consideration. 

COMMITTEES   1916-17. 

Among  the  Committees  appointed  by  the  Council  for 
1916-17  are  the  following: — 
(The  President  is  an  tr-q^cio  member  of  all  Committees.) 

Elf.cthicitv  Slppi.v  Committee. 
Mr.  R.  A.  Chattock.  Mr.  S.  L.  Pearcc. 

Mr.  C.  H.  Mcrz.  Mr.  T.  Roles. 

Mr.  G.  \V.  Partridge.  Mr.  \V.  B.  Woodhousc. 

(Terms  of  Reference  :  "  To  report  to  the  Council  on  the 
best  means  of  co-ordinating  and  improving  Electricity 
Supply  in  the  United  Kingdom.") 

LinRARv  AXD  Museum  Committee. 
Mr.  \V.  Duddcll,  FR.S.  Mr.  J.  E.  Kingsbury. 

Mr.  Killiiigworth  Hedges.  Mr.  W.  1,1.  Prcecc. 

Mr.  G.  S.  Ram. 

Rese.vrch  Committik. 


Mr.  A.  S.  Barnes. 

Mr.  J.  O.  Callendcr. 

Mr.  H.W.  Clothier. 

Colonel  R.  E.  Crompton. 

Mr.  W.  I  '    U.S. 

Dr.  S.  Z  1. 

Dr.  R.  T.  c.iazebrook,  K.R.S 

Sir  R.  A.  Hadficld,  F.R.S. 

Mr.  H.  11.  Harrison. 

Mr.  ].  S.  Highficld. 

Mr.  \V.  Judd. 


Prof.  E.  W.  Marchant. 

Prof.  T.  Mather.  F.R.S. 

Mr.  C.  H.  Mcrz. 

Mr.  \V.  M.  Mordey. 

Mr.  «.  H.  Kisbctl. 

Mr.  W.  LI.  Prcecc. 

Di*.  A.  Russell. 

Mr.  ).  Swinbuinc,  F.R.S. 

Prof.  E.  Wilson. 

Mr.  W.  U.  Woadhouse. 

Mr.  C.  H.  Wordingham. 

Buruil  Cablet  Research  Suh-Commillee. 

Prof.  E.  W.  Marchant. 
Mr.  S.  W.  Mclsom. 
Mr.  R.  H.  Mitchell. 
Mr.  II    F.  Proctor. 
Mt.  C.  H.  Smyth. 


Mr    '    -    ■■ 
Mr. 

Mr   J    1' 

Mr.  W    I  •  U.S. 

i)i.  R.  T.  (.UitUwf.k.  F  R  S 


Current  Demittes  Research  Sub-Committee. 

Mr.  A.  S.  Barnes.  Dr.  R.  T.  Glazcbrook,  F.R.S. 

Mr.  W.  Duddell,  F.R.S.  Dr.  A.  Russell. 

Mr.  C.  H.  Wordingham. 

Itisulalni^  Sf.ilerials  Resctirch  Suh-Commitlee. 
Mr.  W.  Duddell,  F.R.S.  Mr.  C.  H.  Merz. 

Dr.  R.  T.  Glazcbrook,  F.R.S.     Dr.  A.  Russell. 
Mr.  C.  H.  Wordingham 


ti'Mi/'i'iKC  .\Liurnth  Research 
Panel. 

Mr.  A.  P.  M.  Fleming. 

Dr.  R.  T.  GLucbrook,  F.R.S. 

Mr.  G.  S.  Ram. 

Mr.  G.  Schultz. 

Mr.  J.  \l.  Wallace. 

Mr.  ].  F.  Watson. 

Prof.  E.  Wilson. 

Mr.  C.  H.  Wordingham. 


Fibrous  .MalitiiiU  Research 

Panel.  . 
Mr.  J.  Allan. 
Mr.  .\   R.  Everest. 
Mr.  A.  P.  M.  Fleming. 
Dr.  R.  T.  Gl.izcbrook,  F.R.S. 
Mr.  C.  H.  Merz. 
Mr.  G.  Schiillz. 
Mr.  J.  F.  Watson. 
Mr.  C.  H.  Wordingham. 


.  Ebonite  anil  Mtca  Research 

Porcelain  Research 

Panel. 

Panel. 

Mr.  J.  AlLin. 

Mr.  W.  Duddell,  F.R.S. 

Mr.  J.  H.C.  Brooking. 

Mr.  A.  P.  M.  Fleming. 

Mr.  W.  Duddcll,  F.R.S. 

Dr.  R.T.GUzebrook,  F.R.S 

Mr.  A.  P.  M.  Fleming. 

Mr.  ].  W.  Harris. 

Dr.  R.  T.  Glazcbrook,  F.R  S. 

Mr.  j.  L.  Langton, 

Mr.  F.  L.  Henley. 

Dr.  J.  W.  Mcllor. 

Dr.  A.  Russell. 

Mr.  C.  H.  Mcrz. 

Mr.  G.  Schultz. 

Dr.  A.  Russell. 

Mr.  J.  F.  W.-itson. 

Mr.  T.  Tavlor. 

Mr.  C.  F.  Wilkins. 

Mr.  J.  H.  Tucker. 

Prof.  E.  Wilson. 

Mr.  J.  M.  Wallace. 

Mr.  C.  H.  Wordingham. 

Mr.  ].  F.  Watson. 

t 

1 

Prof.  E.  Wilson. 

1 

1 

Mr.  C.  II.  Wordingham. 

Insulating  Oils  Research  Sub-Ccnimittee. 


Mr.  A.  S.  Barno6. 
Mr.  W.  P.  Di^bv. 
Mr.  W.  Duddell,  F.R.S. 
Mr.  A.  R.  Everest. 
Mr.  A.  P.  M.  Fleming. 
Dr.  R.  T.  Glazcbrook,  F.R.S. 
Mr.  T.  C 


Mr.  J.  L.  Langton. 
Dr.  A.  C.  Michie. 
Mr.  W.  B.  Parker. 
Mr.  L.  G.  Radcliffe. 
Mr.  C.  Rodgcrs. 
Mr.  ].  Roothaan. 
Thomson. 


Mr.  C  Vctnicr. 


Magnet  Steels  Research  Sub-Committee. 

Mr.  W.  Duddell,  F.R.S.  Sir  R.  A.  Hadlield,  F.R.S. 

Dr.  R.  T.  Glazcbrook,  F.R.S.     Prof.  T.  M.ithcr,  F.R.S. 

Rubber  Research  Sub-CommMtet. 

Mr.  J.  O.  Callendcr.  Dr.  R.  T.  Glazcbrook,  F.R.S. 

Mr.  W.  Duddcll,  F.R.S,  Mr.  C.  Vernier. 

Mr.  C,  H.  Wordingham. 

"Science  Austracts"  Committee. 

Mr.  W.  Uii.ldcll,  F.R.S.  Mr.  W.  M.  Mordey. 

Mr.  J.  E.  Kingsbury.  Dr.  A.  Russell. 

Prof.O.  W.  Richardson,  F.R.S.  1  Appointed  by  the  Physical 
Mr.  F.  E.  Smith  1  Society  of  London. 
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Mr.  H.  W.  Firth 
Mr.  F.  Lydall. 
Mr.  C.  H.  Merz. 


SF.CnONAL  COM.MITTEES  : 

Electric  Traction. 

Mr.  G.  W.  Partridge. 
Mr.  H.  F.  Proctor. 
Mr.  R.  T.  Smith. 


Electricity  in  Mines. 
Mr.  A.  E.  Hadley.  Mr.  J.  H.  Rider. 

Mr.  \V.  C.  Mountain.  Mr.  B.  Welbourn. 

Mr.  W.  H.  Patchell.  Mr.  W.  B.  Woodhouse. 

Electro-Clicmistry  and  Elcctro-MetdUtirgy. 
Mr.  W.  R.  Cooper.  Mr.  W.  M.  Morrison. 

Sir  R.  A.  Hadhcld,  F.R.S.  Mr.  J.  Swinburne,  F.R.S. 

Prof.  B.  Hopkinson,  F.R.S.       Capt.  R.  J.  Wallis-Jones. 

Lighting  and  Pouer. 
Mr.  R.  A.  Chattock.  Mr.  F.  Samuelson. 

Mr.  J.  Devonshire.  Mr.  W.  C.  P.  Tapper. 

Mr.  J.  S.  Highfield.  Mr.  B.  Welbourn. 

Telcgruphs  and  Telephones. 
Mr.  H.  G.  Brown.  Mr.  W.  LI.  Preece. 

Mr.  F.  Gill.  Mr.  J.  Sayers. 

Mr.  H.  H.  Harrison.  Sir  \V.  Slingo. 

Ship  Electrical  Equipment  Committee. 


Mr.  J.  H.  Collie. 
Mr.  B.  M.  Drake. 
Mr.  A.  Henderson. 
Mr.  ].  W.  Kempster. 
Mr.  ].  F.  Nielson. 

And 
Mr.  W.  S.  Abell... 
Mr.  J.  T.  Milton... 
Mr.  H.  H.  Berry 

Mr.  A.  Boyle 
Mr.  W,  Cross      ... 

Mr.  J.  Foster  King 

Mr.  J.  Lowson    ... 

Mr.  A.  W.  Stewart 
Mr.  H.  Walker   ... 


Lieut.  N.  W.  Prangnell. 
Capt.  A.  P.  Pyne. 
Mr.  S.  G.  C.  Russell. 
Mr.  T.  A.  Sedgwick. 
Mr.  C.  H.  Wordingham. 

Nominated-  by 

Lloyd's  Register  of  Shipping. 

British  Electrical  and  Allied 
Manufacturers'  Association. 

Board  of  Trade. 

Electrical  Contractors'  Associa- 
tion. 

British  Corporation  for  the  Sur- 
vey and  Registry  of  Shipping. 

Institution  of  Engineers  and 
Shipbuilders  in  Scotland. 

Institution  of  Naval  Architects. 

N.E.  Coast  Institution  of  Engi- 
neers and  Shipbuilders. 


Wiring  Rules  Committee. 


Mr.  T.  O.  Callender. 

Mr.  B.  M.  Drake. 

Dr.  R.  T.  Glazebrook,  F.R.S. 

Mr.  J.  F.  W.  Hooper. 

Mr.  H.  A.  Nevill. 


Mr.  G.  H.  Nisbett. 
Mr.  S.  G.  C.  Russell. 
Mr.  R.  T.  Smith. 
Mr.  A.  L.  Taylor. 
Mr.  C.  H.  Wordingham. 


And 
Mr.  H.  H.  Berry 
Mr.  J.  R.  Dick     ... 
Mr.  J.  Christie     ... 
Mr.  J.  E.  Edgcome 
Mr.  W.  E.  Gray... 
Mr.  E.  J.  B.  Lowdon 


Xoininated  by 
.  I  British     Electrical    and    Allied 
. )      Manufacturers'  Associ.ition. 
.1  Incorporated    Municipal    Elec- 
.  I     trical  Association. 

Cable  Makers'  Association. 
,    Electrical  Contractors'  Associa- 
tion of  Scotland. 


Mr.     E. 

Murray 
Mr.  W.  R.  Rawlings 

Mr.  C.  P.  Sparks 


Wiring  Rules  Committee — continued. 

T.  Ruthven  Incorporated  Association  of 
Electric   Power  Companies. 

Electrical  Contractors'  Associa- 
tion. 

Conference  of  Chief  Officials  of 
London  Electric  Supply  Com- 
panies. 


ROLL   OF   HONOUR. 
{FOURTH    LIST.*) 


Killed  in  Action. 

Baker,    Captain 
H.G. 

Britten,  2nd  Lieut. 
H.  E. 

Brown,  2nd  Lieut. 
H.  A. 

Bumpus,    2nd 
Lieut.  B.  E. 

Burleigh,     Lieu- 
tenant R. 

Castle,     Private 
R.  L. 

Douglas,  Captain 
W.  A. 

Eaddy,  2nd  Lieut. 
C.  T. 

Edingborough, 
2nd  Lieut.  X.  D. 

Killingback,  Lieu- 
tenant S.  G. 

Organ,    Lieuten- 
ant H.  P. 

Palmer,  Lieuten- 
ant J.  H. 

Phillips,    Private 
T.  F. 

Rawson,   2nd 
Lieut.  S.  M. 

Reeves-Smitli, 
2nd  Lieut.  D. 

Rutherford,  Cap- 
tain J.  A. 

Scrivener,       Ser- 
geant R. 

Ward,  2nd  Lieut. 
C.  R. 

Wolstenholme, 
Lieutenant  C.S. 

Wood,      Captain 
A.  L. 

Killed. 

Bower,    Flight 
Lieut.  H.  A. 

Died  of  IVounds. 

Challoner,    Lieu- 
tenant T.,M.C. 

Coombs,      2nd 
Lieut.  C.  S. 


Gloucestershire  Regt. 
Royal  Field  Artillery 
Scottish  Rifles 
Northumberland  Fusiliers 
Royal  Flying  Corps 
Royal  Warwickshire  Regt. 
Royal  Scots 

North  Staffordshire  Regt. 
Middlesex  Regt. 
Royal  Engineers 
York  and  Lancaster  Regt. 
Royal  Fusiliers 
Mortar  Battery 
Royal  Fusiliers 
Koyal  Engineers 
Machine  Gun  Corps 
Royal  Fusiliers 
Royal  Engineers 
Durham  Light  Ir.lantry 
Lancashire  Fusiliers 

Royal  Xaval  .\ir  Service 

Royal  Engineers 
Royal  West  Kent  Regt. 

See  vol.  54,  pp.  64,  447,  and  674. 


Student 

Associate 

Member 
Graduate 

Associate 

Member 
Student 

Student 

Student 

Student 

Student 

Student 

Student 

Associate 

Member 
Associate 

Member 
Student 

Student 

Associate 

Member 
Associate 

Member 
Associate 

Member 
Associate 

Member 
Associate 

Member 


Student 


Associate 

Member 
Student 
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Fricakc,      and        Oxford    and     liuck^     Light     Student 


Lieut  G.  U. 
Gib»>n,     and 

Lieut    J.  S. 
H  .jit^ctt,     ;nd 

Licul.  K.  K. 
Pink,  and  Lieut. 

H.  W. 


Infantry 
liedfordshine  Rcgt. 

Kt.y.il  Wcit  Surrey  Kcgt. 

Koyal  Engineers 


.As^oci.ilc 

Member 
Associ.ite 

Mcnilv-T 

.\ssociatc 
Member 


MILMWRY    HONOURS    AWARDED. 

(FOURTH    LIST.*) 

DUUnsulitied  Serrloe  Order. 

Ua'.lvc,  lil.  Majyi     Kwvol  Engineers  Ass<Kiale 

B.  C.  Member 

"  For  conspictiiius  ga11antr>-  and  ability  during  a  period  of 
active  operations.  His  skill  and  energy  in  sending  forward 
reinforcements  and  ammunition  under  very  dirticult  circum- 
stances tended  much  to  the  success  of  the  operations.  He 
had  previously  made  a  personal  reconnaissance  of  great 
value." — London  GazctU,  a;  July,  1916. 
McCU-niont,  Major  Royal  Field  Artillcrv  Associate 

K.  A. 

"  For  several  d.-\ys  he  cut  the  enemy's  wire,  using  an  obscr- 
vatinp   p-it;  wV.i^h  \v.as  ex}->osed  to  heavy  shell  lire.     L.itcr, 
he  maintained  communication  with  his 
.bled  to  cut  hostile  wire  and  frequently  to 
bnng  the  hre  01  his  battery  to  assist  our  infantry  adv.ince  and 
to  resist  enemy  counter-attacks." — London  G<uellc,  22  Septem- 
ber, 1916. 
Robertson,  Major    Royal  Engineers  Associate 

A. 
Sparks,     Captain 
H  C,  M.C. 

"  For  I 
"n  the  ( 


London  Rcgt. 


Member 


'  intry  in  action.  During  an  assault 
he  took  command  when  his  senior 
J  tailied  his  men,  who  were  under  heavy 
led  nearly  all  their  ammunition.  With  a 
li^iidtul  1.11  men  lie  made  a  most  determined  stand,  although 
nearly  surrounded,  and  thus  enabled  the  remainder  to  with- 
draw. He  was  the  last  to  leave."— Lom/c>»  Gatdte,  25  August, 
iciiO. 

KUiurr  Crou. 

Loaie>.  and  Lieut.     Royal  Field  Artillery  Associate 

W   H.  C.  Member 

"  He  look  command  of  his  battery  with  great  skill  and  cool- 
iit-\      Hi«  personal  courage  under  very  heavy  fire  set  a  fine 
hi»  men." — Lond.?n  Giiulle,  14  November,  1916. 

C  Lieu-     South  African  Engineers  Member 

tenant  R  H. 

"  He,  with  two  men,  established  communications  under 
»cr)r  heavy  fire.  He  displayed  great  courage  and  skill 
"■■    ■  ■'     it."— /-I'Miiufi  G.iir//f,  14  November,  1916. 

1  Cap-     King's  Royal  Rifle  Corps  Member 

Li.;.  J.  M. 

"  For  crm»p(ciinu«  gallantry  In  a<ii'>n  Although  wounded 
he  "  ilicm  on  under 

♦"•-•  (  was  hit  again 

(tiittlU,  ii,  August,  1916. 
*>  ..    '  cti  Associate 

k.t.  Member 

"  For  contpicu'/ui  gallantry  and  good  work  during  opera- 
lioo».    He  laid  out  a  ttcnch  and  organUcd  his  working  party 
•  8«  »ol,  $4,  pp.  yA.  Sl(,  »ni  674. 


along  it  under  heavy  fire  in  the  night,  displaying  great 
resource,  energy,  and  coolness.  He  had  previously  done 
similar  good  work  under  fire." — London  GauUe,  7$  August, 
1916. 

Mcnzics,  and  Lieut.     Indian  Infantry  Associate    tl 

F.  A.  Meml>er 

"  For  conspicuous  gallantry  in  going  out,  accompanied  by 
one  man,  to  within  100  yards  of  the  enemy's  lines  and 
cutting  the  wires  of  six  land  mines.  He  then  brought  in 
his  companion,  who  had  been  severely  wounded.  Three 
da\-s  later  he  was  himself  severely  wounded."— /i'ik/um 
Gaidlc.  a;  July,  1916. 

Mohr,    Captain  Notts  .md  Derby  Rcgt.  Associate 

S.  M.  Memher 

"  He  showed  great  skill  .ind  determination  in  constructing  a 
trench  under  very  heavy  fire.  Later,  when  his  conip.iny  h.nl 
suffered  many  casualties,  and  were  under  heavy  artillery  fire, 
he  carried  out  his  work  with  great  skill." — London  Gazelle. 
14  November,  1916. 

Moore,  and  Lieut.     Royal  Flying  Corps  Associate 

B.  J.  Member 

"  For  conspicuous  gallantry  and  skill.  He  has  destroyed 
two  enemy  kite  balloons,  one  of  which  w.as  being  guarded  by 
an  enemy  aeroplane.  He  has  repeatedly  atl.ickcd  hostile  air- 
craft, on  one  occasion  attacking  a  tlight  of  four,  all  of  which 
he  drove  down  and  two  of  which  he  followed  to  2,000  feet,  one 
being  .ipp.vently  hard  \\\\.."— London  GitscUe,  27  July,  1916. 

Woodward,  Cap-     Gloucestershire  Regt.  Associate 

tain  E.  H.  E.  Member 

"  He  led  his  company  in  the  assault  with  great  dash  until 
he  was  wounded.  He  displayed  great  coolness  and  courage 
lhrouj;hout  the  day." — London  GiizctU,  22  September,  1916. 

Bar  to  Military  Cross. 

Gromn,     Captain    Koyal  Warwickshire  Regt.        Graduate 
H.  R.  L.,  M.C. 

"  He  led  his  company  with  great  dash  in  the  attack,  and 
captured  a  large  number  of  prisoners.  Though  wounded 
early  in  the  day,  he  carried  on  with  great  determination,  till 
the  company  had  captured  and  secured  its  objective." — 
London  Gaielle,  ao  October,  1916. 

Dlstlngiiiabed  Service  Orou. 

Riley,  Liculeiiant     Divisional  Engineers,  R.N.D.    Associate 
T,  N.  Member 

"In  recognition  of  his  services  with  the  Royal  Naval 
Division  in  the  Gallipoli  Peninsula." — London  Gazelle,  6  Sep- 
tember, 1016. 

DUUng^Uhed  Conduct  Medal. 

Kirkby,      Scrgt.-     Ixmdon  Regt.  Associate 

Major  H    M.  Member 

"  For  conspicuous  g.illantry  and  ability  since  the  com- 
mencement of  the  campaign.  During  this  period  his 
Company  had  only  one  oHicer,  and  his  powers  <i(  le.»der»hip 
and  devotion  to  duty  were  most  marked." — London  GoMCtle, 
10  March,  1916. 


Orolz  de  Ouerre  (avec  Palme). 
Spaik^,     Ciplain     London  Rcgt. 


H.C. 

M.C. 


D.S.O., 


Mentlooed  In  Deipatcbei. 
Alderiuin,     Lieu-     Royal  Engineers 

tenant  A.  R. 
Barker,  yu.irtcr-    York  and  Lancaster  Rcgt. 

master  E.  A. 


Member 


Associate 

Member 
Member 
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Bishop,  Lieuten- 

Royal Engineers 

Student 

Associate  Members. 

ant  B.  L. 

Bollam,  Lieuten- 

Divisional Engineers,  R.N.D. 

Associate 

.V.jnie'. 

Corps,  cic. 

Riink. 

ant  C. 

Member 

Archibald,  R.  D. 

Royal  Garrison  .Artillery 

Lieutenant 

Burchett,  Sapper 

Divisional  Engineers,  R.N.D. 

Student 

Ascoli,  G.  H.  D. 

Reserve  Cavalry 

Lieutenant 

J.  H.  P. 
Challoner,    Lieu- 

Atkinson, A.  M. 

Kent  (Fortress)  R.E. 

Lieutenant 

Royal  Engineers 

Associate 

Atkinson,  C.  S. 

East  Riding  (Fortress)  R.E. 

2nd  Lieut. 

tenant  T.,  M.C. 

Member 

Baker,  M.  B. 

Royal  Engineers 

2nd  Lieut. 

Cunningham, 

Royal  .\rtillery 

Associate 

Baldwin,  L.  C. 

London  Electrical  Engineers, 

Sapper 

Major  T.  C. 
Deedes,  Lieuten- 

R.E. 

Royal  Engineers 

Student 

Bill,  S.  H. 

R.N.V.R. 

Lieutenant 

ant  J.  G. 
Ditmas,    Captain 

Blair,  F. 

Royal  Engineers 

2nd  Lieut. 

Reserve  of  Officers 

Associate 

Booth,  T.  C. 

Liverpool  Regt. 

Private 

F.  L  L, 

Browett,  H.  A. 

London  Electrical  Engineers, 

Sapper 

Franks,    Captain 

Army  Service  Corps 

.Associate 

R.E. 

H.  \V. 

Member 

Burge,  W.  S. 

Northumbrian  Divisional  R.E. 

2nd  Lieut. 

Grierson,  Captain 

Divisional  Engineers,  R.N.D. 

Associate 

Cowie,  J. 

East  Lancashire  R.F..A. 

Instructor 

R. 

Member 

Craig,  E.  E. 

-Army  Service  Corps 

Captain 

lies,  Major  F.  A. 

Royal  Engineers 

Associate 

Craig,  T.  L 

R.N.V.R. 

Lieutenant 

Member 

Curry,  M.  H. 

Royal  Engineers 

2nd  Lieut. 

Mousley,  Major  J. 

Royal  Engineers 

Associate 

Davies,  F.  E. 

Anti-aircraft  Corps  (R.N.V.R.) 

.Able  Seaman 

H.,  D.S.O. 

Member 

Davies,  F.  H. 

Army  Ordnance  Dept. 

Lieutenant 

Nelson,   Warrant 

Ro\al  Naval  Air  Service 

Associate 

Davies,  P.  T. 

Canadian  Militia 

Captain 

Officer  G.  D. 

Member 

Davies,     W.     H. 

London  Electrical  Engineers, 

Sapper 

Roose, Captain  F. 

Royal  Garrison  Artillery 

Member 

St.  A. 

R.E. 

O.J. 
Stuart,  Brig.  Gen. 

Douglas,  C.  H. 

Royal  Flying  Corps 

Major 

Royal  Engineers 

Member 

Dransfield,  T.  E. 

R.N.V.R. 

Lieutenant 

A.  M.,  C.B. 

Durant,  J.  H. 

Australian  Engineers 

Lieutenant 

Thornton,     Lieu- 

Royal Engineers 

Student 

Eaton,  G.  H. 

Calcutta  Light  Horse 

Trooper 

tenant  J.  M. 

Eunson,  D.  M. 

City  of  Edinburgh  (Fortress) 
R.E. 

Sapper 

Evans,  T.  C 

Manchester  Regt. 

Private 

MEMBERS    0\    MILITARY    SERVICE. 

Evans,  T.  K. 

South  Midland  R.F.A. 

Lieutenant 

(NINTH   LIST.*) 

Ferguson,  John 

Royal  Flying  Corps 

2nd  Lieut. 

Fidoe,  J.  W. 

Inns  of  Court  O.T.C. 

Private 

Members. 

Field,  G.  K. 

Royal  Flying  Corps 

Captain 

Name. 

Corp,  etc. 

Rank. 

Fox,  P.  S. 

R.N.V.R. 

Lieutenant 

Bishop,  H.  C. 

Welsh  Regt. 

Lieutenant 

Fraser,  J.  W. 

Royal  Naval  .Air  Service 

-Air  Mechanic 

Buckingham,  A.  O 

.  China  British  Volunteer  Corps 

Private 

Georgi.W.C.H.M 

.   Durham  (Fortress)  R.E. 

Lieutenant 

Campbell,  -A.  S. 

General  List 

Lieutenant 

Golden,  W.  T. 

R.N.V.R. 

Sub-Lieut. 

Carew- Gibson,  C. 

R.N.V.R. 

Lieutenant 

Golding,  R.  A. 

.Australian  Engineers 

Sapper 

Coales,J.D.,D.Sc 

Royal  Flying  Corps 

2nd  Lieut. 

Gray,  C.  F. 

Canadian  Militia 

Captain 

Combe,  L.  H. 

Royal  Horse  .Artillery 

2nd  Lieut. 

Gray,  E.  B. 

London  Electrical  Engineers, 

Sapper 

Cormack,  Prof. 

Aircraft  Equipment 

Lieut. -Col. 

R.E. 

J.D. 

Green,  H. 

Royal  Engineers 

Cadet 

Dashwood,  E.  S. 

Royal  Marine  .\rtillery 

2nd  Lieut. 

Green,  H.  H.  R. 

R.N.V.R. 

Lieutenant 

Glendenning,  S.E 

.  Royal  Engineers 

Captain 

Gresswell,  H.  H. 

.Army  Ordnance  Dept. 

Lieutenant 

Henderson,  Dr.- J. 

Royal  Engineers 

Lieutenant 

Hamilton,  F.  T. 

Tyne    Electrical    Engineers 

2nd  Lieut. 

Herbert,  A.  S. 

-Australian  Engineers 

Lieutenant 

R.E. 

lonides,  A.  G. 

R.N.V.R. 

Lieutenant 

Hill,  C.  W. 

R.N.V.R. 

Lieutenant 

Kilroy,  W.  D. 

R.N.V.R. 

Lieutenant 

Hirtzel,  C.  H.  A. 

Royal  Flying  Corps 

Captain 

Loring,  F.  G. 

Royal  Navy 

Commander 

Horsley,  J.  A.  B. 

R.N.V.R. 

Eng. -Lieut. 

Macintyre,  J.,  M.E 

.  R.N.V.R. 

Staff  Surgeon 

Hounsfield,  F.  C 

Army  Service  Corps 

2nd  Lieut. 

O'Gorman.M.J.F 

.,  Royal  Flying  Corps 

Lieut. -Col. 

Hume,  D.  C.  M. 

R.N.V.R. 

Lieutenant 

C.B. 

Hutchison,  E. 

Australian  Artillery 

Sergeant 

Purves,  T.  F. 

Roval  Engineers 

Captain 

Jaffe,  A.  D. 

London  Regt. 

Captain 

Pyke,  L. 

R.N.V.R, 

Lieutenant 

Johnson,  S. 

Australian  Pioneers 

2nd  Lieut. 

Redman,  S.  G. 

Northumberland  Fusiliers 

Major 

Joseph,  H. 

Royal  Engineers 

2nd  Lieut. 

Saunders,  E.  S. 

Royal  Naval  -Air  Service 

Lieutenant 

Keelan,  R.  E. 

Royal  Engineers 

Lieutenant 

Scattergood,  B.  P 

York  and  Lancaster  Regt. 

Sergt.-Major 

1    Kefford,  H.  W. 

Royal  Artillery 

Cadet 

Scott-.A.tkinson,  R 

.    British  North  Borneo  Volun 

-     Private 

Lambert,  E.  A. 

R'jyal  Engineers 

2nd  Lieut. 

teer  Rifles 

McCallum.A.H. 

S.  R.N.V.R. 

Lieutenant 

Stone,  H.  B. 

Punjab  Light  Horse 

Trooper 

MacDougall,  J.  K.    Australian  Imperial  Force 

Thome,  G.  S. 

Royal  Flying  Corps 

2nd  Lieut. 

Mackrill,  W.  S. 

R.N.V.R. 

Chief  Petty 

Wadsworth,  T. 

London  Electrical  Engineers 

,     2nd  Corpl. 

Officer 

R.E. 

Markes,  A.  S. 

London  Electrical  Engineers,    Sapper 

*  See  vol.  53,  pf 

.  199,  326,  388,  and  857.  and  vol 

34.  pp.  121,  403, 

R.E. 

518,  and  675. 

Mayer,  J.  W. 

Royal     ngineers 

Staff  Sergt. 
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' 

Graduates. 

.Yti'"**- 

Corff.  tU. 

/f.ID*. 

.V.I  me. 

Co//s,  cIc. 

R>\nk. 

Mavtli.im.  A.  A 

Rowl  Field  Artillery 

and  Lieut. 

Barr,  T   H. 

Militar>'   Representative    for 

Major 

Meade.  K.    K. 

Royal  Engineers 

Lieutenant 

Renfrewshire 

Memlt.  F.  H. 

R.N.V.R. 

Lieutenant        1 

Fellowcs,  H.  S. 

R.N.V.R. 

Sub-Lieut. 

Mickel  Wright,  W. 

K. 
Miller,  F.  S. 

Royal  Naval  Air  Scr\ict 

1st  Class  Air 

Hill,  S.  M. 

Royal  Navy 

Eng.  Room 

Mechanic 

Artificer 

Wcsscx  R.i:. 

2nd  Lieut. 

Howard.  T.  W. 

Royal  Flying  Corps 

.\ir  Mechanic 

\i           1.'    M. 

Koy.il  N.iv.il  Air  Service 

Jockcl,  L.  M. 

London  Electrical  Engineers, 

Sapper 

-    K. 

K. •\a\  Naval  Air  Service 

Lieutenant       j 

K,E. 

^..          -     ...J.S. 

I'ccli,  H.  G.  S. 

Stall 

Captain 

McCLnv,  ].  H. 

.\riny  Service  Corps 

Lancc-Corpl. 

Ro\al  Flying  Corps 

2iid  Class  Air 

Miller,  J. 

Lowland  Divisional  R.K. 

211(1  Lieut. 

Mechanic 

.Molviieux.M.J.H. 

Royal  Naval  Air  Ser\Sce 

Sub- Lieut. 

Perrin,  E.  S. 

Royal  Flying  Corps 

3nd  Lieut. 

Munro,  J.  W.  \V. 

R.)yal  Flying  Corps 

and  Cla-s  Air 

Pilkeathly.  J.  S., 

c.v.o. 

Pitt,  P.  S. 

General  List 

Major 

Mechanic 

Murray,  J.  B. 

Royal  Engineers 

2nd  Lieut. 

Army  Ser\  ice  Corps 

;nd  Lieut. 

Norman,  H. 

London  Electrical  Engineers, 

Corporal 

Price-Hughes  H. 

Glamorg.in  (Fortress)  R.E. 

and  Lieut. 

RE. 

A. 

Rattray,  C.  G. 
Rayraent,  A.  C. 

i 

Richards.  E.  A. 

Ro\-al  Flying  Corps 

2nd  Lieut. 

R.N.V.R. 

Lieutenant 

Rintoul,  W. 

Northern  Signal  Service,  K.E. 

Lieutenant 

Australian  Pioneers 

Corporal 

Schiieidau,  T.  C 

Royal  Flying  Corps 

and  Class  Air 

Reid,  S.  B. 

Royal  Flying  Corps 

2nd  Class  Air 
Mechanic 

Mechanic 

Rot>erts,  R.  L.  W. 

Royal  Welsh  Fusiliers 

Private 

STI'DENTS. 

R..get,  S.  R. 

Anii-Aircraft  Corps  (R.X.V.R.) 

Adams,  A.  W. 

East  .\nglian  Divisional  R.K. 

Lieutenant 

Sadd.  J.  A. 

Staff 

Captain             | 

Allan.  G.  A. 

Royal  West  Kent  Regt. 

Private 

Sharp,  E.  E. 

.Vnny  Ordnance  Dcpt. 

Lieutenant 

Barl.nv,  L.  M. 

Royal  Flying  Corps 

and  Lieut. 

Shcrlcy-Pricc,  K. 

KMy.-il  EnKinters 

Captain 

Binnic,  R.  D. 

Royal  Marine  .\rtillery 

and  Lieut. 

Short,  E.  A. 

SUitl  l«'r  R.E.  Services 

Captain 

Cable,  W.  H. 

Royal  Engineers 

and  Lieut. 

Stneeton,  E.  E. 

London  Electrical  Engineers, 

Sapper 

Caspar,  F.  A,  E. 

Royal  Engineers 

Sapper 

R.E. 

Charlev,  R.  M. 

Roy.al  Flying  Corps 

and  Lieut. 

Smith,  A.  C. 

Army  Ordnance  Depl. 

Lieutenant 

Charnlcy,  J.  H. 

Army  Service  Corps 

and  Lieut. 

Smith,  D. 

R..y.il  Flying  Corps 

2nd  Lieut. 

Colburn,  F. 

Royal  Engineers 

Pioneer 

Stephens,  J.  X. 

Royal  Flying  Corps 

2nd  Lieut. 

De  Pomeroy,  N.  R 

Royal  Fl>ing  Corps 

and  Lieut. 

Stone,  A.  A, 

Army  Service  Oirps 

2iKi  Lieut. 

nancy,  W. 

Royal  G.arrison  Artillery 

2nd  Lieut. 

Trippc.  C.  F. 

Royal  Engineers 

2nd  Lieut. 

Duckworth,  E.  H, 

London  Electrical  ICtumikhis. 

and  Lieut. 

Troughton,  J.  A. 

London  Electrical  Engineers, 

Sapper 

K.E. 

R.E. 

Duff,  W.  V.  n. 

.Australian  Infantry 

Sergeant 

Turner,  L.  H. 

General  List 

C.iplain 

Dunnill,  K. 

l><indon  Electrical  Engineers, 

Sapper 

Turnci,  W.  U- 

Rny.il  Garrison  .\rtillery 

2nd  Lieut. 

R.E. 

Twctdic,  M.  G. 

l\'o\.iI  Enjjinccrs 

Lieutenant 

Elsden,  G.  H. 

London  Electrical  Engineers, 

Sapper 

Vine,  L.  N. 

Royal  Flying  Corps 

2nd  Cl.iss  Air 

R.E. 

Mechanic 

Exley,  \V. 

Tvne   Electrical    Engineers, 

Sapper 

Wakcford,  L.  T. 

British  North  Borneo  Volun- 

Private 

RE. 

teer  Rifles 

Fisher,  Da.  G. 

R.N.V.K 

Sub-Lieut. 

Warrcii.  J. 

Army  Ordnance  Dcpt. 

Lieutenant 

Fisher,  R.  E.  S. 

Royal  Engineers 

Cadet 

Weill,  J.  K. 

R.N.V.R. 

Lieutenant 

Flint,  E.  W. 

Iv'oyal  Flying  Corp- 

2nd  CLiss  Air 

Wood.  P. 

K.N.V.R. 

l>ieutenant 

Mechanic 

Gibson,  William 

R<iyal  Engineers 

2nd  Corpl. 

Gillett,  B.  M. 

Royal  Garrison  Artillery 

Gunner 

Associates. 

G<"xlwin,  J.  H. 

Friends  .\inbulance  I'nit 

Motor  Eng. 

,Y>im<'. 

C't>r^^,  cic. 

Rank. 

Hall,  C.  L. 

Royal  Engineers 

Lieutenant 

Urwlu,  E. 

Rc)jral  Garrison  Artillery 

ILmctk.  L.  J. 

Rciyal  Engineers 

Lieutenant 

Chuler.  C.  S. 

London  Electrical  Engineers, 

Sapper 

Hii.duin,  H.J. 

Royal  Flying  Corps 

R.E. 

Hvdc,  C.  L.  G. 

Royal  Engineers 

Sapper 

Erant,  S 

Iy)ndon  Electrical  Engincerfi, 
R.E. 

Sap(>er 

Uc,  J.  F. 

Kipyal  Flying  Corps 

and  Class  Air 
Mechanic 

Hampthirc,  P.  M 

R  N.V.R. 

Liculeiunt 

Ix-vs.  II.  H. 

Ixiwland  R.F.A. 

Lieutenant 

Hunlcr.  W.  H 

.Smm'.  s.h  1, <■  r..i p* 

Lieutenant 

Liiiav,  R.  E.  M. 

Royal  Flying  Corps 

Kcav.,  A.  M. 

.M.iji>r 

M.cill,  G.  W. 

Royal  Naval  Air  Ser\ice 

Able  Seaman 

Milbr.  11.  .M 

.  .  ....„....i.rs 

S<ii>>-iiil 

Mathia«,  E.  L.  A. 

RN  V.K. 

Sub-Lieut. 

Phillip'.  •»• 

iff 

M 

Murray,  B.  M. 

I^indon  Electrical  Engineers 

Sapper 

Kcoe..  J.  H. 

i.      ..  1 non  Artillery 

(.,...<; 

RE, 

KKk>C,  ).  II 

hiirma    Railway    Volunteer 

Lieutenant 

Necdham.J.  V.W 

.   L'lndon  Elcctricil  Engineers 

1,'  V 

Sapper 

Sl«plien«,  |.  II 

l.iciilrnant 

P.iikci,  V.  11.  (i. 

K..V.1I  Field  Ailillery 

and  Lieut. 

Webber,  W.  J. 

f^'    V.H    1-  1  VIH|4    *    ••!  (■' 

and  Lieut. 

Parkinton,  A.  M. 

Rnyal  Enginccr^ 

.*IIft  I  .tctit. 
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Nciiiu: 
Robinson,  D,  H. 
Ross,  V. 
Rowe,  B. 
Senior,  R.  C. 
Slingerland,  J.  F. 

Smith,  W.  K. 
Smyth,  H.  \V.  S. 
Tilson,  H.  S. 
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In  Great  Britain  many  municipalities  have  their  own 
electric  supply  systems,  and  in  several  cases  there  are 
separate  stations  in  the  same  city  for  traction  and  for 
power  and  lighting.  In  London  there  are  very  many 
independent  stations,  and  throughout  the  country  there 
are  a  considerable  number  of  supply  companies  which 
furnish  energy  within  certain  definite  areas.  The  pos- 
sibility of  linking  up  the  stations  in  the  different  districts 
has  often  been  considered,  but  it  is  only  recently  that  the 
full  advantages  have  been  generally  appreciated  and  that 
the  problem  has  been  attacked  along  broad  lines. 

It  is  not  proposed  in  this  paper  to  discuss  the  com- 
mercial questions  involved  in  linking  up,  but  to  point  out 
some  of  the  engineering  problems  and  to  indicate  what 
types  of  apparatus  are  available  and  the  conditions  under 
which  they  may  be  used. 

Fortunately  the  great  majority  of  stations  in  this  country 
generate  three-phase  current  at  50  periods,  so  that  the 
problem  of  interconnecting  is  relatively  simple.  But  there 
are  a  number  of  large  systems  which  generate  at  25  and 
40  periods,  several  generate  at  60  periods,  two  large 
stations  generate  at  33  periods,  while  a  considerable 
number  generate  at  other  frequencies.  These  last  are 
principally  single-phase  systems.  The  problem  of  linking 
up  systems  of  different  frequencies  is  much  more  com- 
plicated than  that  of  linking  up  systems  of  the  same 
frequency,  and  each  particular  case  requires  careful 
consideration  in  order  to  determine  the  best  method  to 
adopt. 

Alterx.'Vtors  in  Parallel. 

When  two  alternating-current  generators  having  the 
same  number  of  poles  and  the  same  rating  are  operated 
in  parallel,  they  must,  of  course,  run  at  exactly  the  same 
speed,  and,  if  they  are  to  divide  the  load  equally,  it  is 
essential  that  the  two  engines  (or  turbines)  driving  them 
should  have  the  same  speed  regulation,  i.e.  the  same  drop 
in  speed  from  no  load  to  full  load.  If  one  engine  should 
have  a  regulation  of  2  per  cent  and  the  other  of  4  per  cent, 
then  (assuming  the  regulation  curve  to  be  a  straight  line) 
with  full  load  on  one  generator  there  would  be  only  half 
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load  on  the  other.  In  other  words,  the  load  carried  by  the 
generator  is  determined  by  the  amount  of  steam  admitted 
to  the  engine,  and  not  by  the  adjustment  of  the  field 
strength  of  either  machine,  i.e.  the  load  depends  on  the 
governor  and  not  on  the  position  of  the  field  rheostat. 
Any  two  machines  may  be  made  to  divide  the  load  in  any 
desired  proportion  by  proper  adjustment  of  the  steam 
supply,  while  adjustments  of  the  field  rheostats  simply 
cause  wattless  currents  to  flow  between  the  generators. 
The  effect  of  this  current  is  to  strengthen  the  field  of  the- 
under-excited  generator  and  to  weaken  that  of  the  over- 
excited generator  ;  thus  the  voltage  across  the  two  remains 
equal. 

The  operation  of  two  or  more  stations  in  parallel  is 
simply  the  operation  of  two  or  more  groups  of  generators 
in  parallel,  and  the  conditions  are  similar  to  those  involved 
in  operating  two  single  generators  in  parallel,  except  for 
the  fact  that  the  interconnecting  line  possesses  inductance 
and  resistance.  For  all  ordinary  cases  the  resistance  and 
inductance  may  be  neglected,  but  the  matter  is  treated  in 
a  general  way  in  .Appendix  i. 


Stations  of  the  Same  Frequency,  Voltage,  and  Ph.-vse. 

When  the  stations  to  be  linked  up  have  the  same  fre- 
quency, voltage,  and  phase,  the  only  interconnecting  link 
required  is  a  cable  with  the  necessary  switches,  etc.,  for 
connecting  together  the  busbars  of  the  two  stations.  It 
often  happens,  however,  that  the  normal  voltages  of  the  two 
stations  are  not  exactly  equal,  and  it  may  be  required  to 
vary  the  voltage  of  either  station  independently  of  that  of 
the  other.  For  this  reason  it  is  desirable  to  have  some 
form  of  voltage  regulator  in  at  least  one  of  the  stations, 
otherwise,  when  voltage  adjustments  are  attempted,  heavy 
wattless  currents  will  flow  between  the  stations  and  the 
voltages  on  the  two  systems  will  remain  equal,  except  for 
'the  difference  due  to  the  drop  of  pressure  in  the  cal^le. 

The  regulator  may  be  either  of  the  step-by-step  or  of  the 
induction  type. 

Fig.  I  shows  a  diagram  of  connections  which  may  be 
used  when  a  step-by-step  regulator  is  adopted.     A,  A,  are 
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-vi..  ...iijformers  for  raising  or  lowering  the  voltage  of 
the  feeders  .  B.  B,  arc  shunt  tr.1ll^lormer»,  the  secondaries 
of  which  arc  provided  with  uppings  to  give  different 
volumes  (or  applying  to  tran>foftncrs  A,  A ;  C.  C,  are 
v'.N  ;  and  O.  P.  are  reversing  switches.  It 
.,1  that  onlv  two  rcguUtors  arc  required  for 
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dclcriuiiic  the  sixes  of  cable,  Iransforciers. 
cquircd  lo  intercontK-ct  two  systems,  it  is 
ow  the  nuvimuni  load  which  will  have  to 
between  t!u  in.  and  .is  this  is  the  most  im- 
in  the  p.ira'ilcl  opcr.ition  of  power  stations. 
•  t  will  t>c  considered  in  !>ome  detail. 

I(  ..       ■  '   "  -:  that  the  speed  regulation  of  the 

j^.j)  so  that  c.ich  will  carry  its  proper 

propuiiioii  v*i  tiit  ictii  load  on  both  systems.    This  is  :i 


each  station  and  the  connecting  feeder  must  carry  half 
the  difference  in  load. 

Emmple. — Assume  each  station  to  have  a  cap.-icity  of 
10,000  kw.,  and  that  there  is  a  load  on  .\'s  busbars  of 
15,000  kw.,  and  on  B's  of  5.000  kw. ;  then  the  total  load 
on  the  stations  equals  lo.txx)  kw.  Kach  station  will  supply 
10.000  kw.  Therefore  the  load  on  the  interconnector  equals 
10,000 — 5,000^5,000  kw.,  i.e.  the  lo.id  on  the  intercon- 
nector equals  one-half  of  the  dilTereiice  in  load  on  the 
bu>bars  of  the  two  stations. 

(a)  LoAn  OS  Isterconskctor   bktwees    Two   Stations 

OF    UNEyl'AL   CaI'ACITY    and   SaMK   SlKEt)    Kn.t  I  ATION. 

This  case  will  be  similar  to  the  preceding  one,  except 
that  instead  of  the  total  load  being  divided  equally  between 
the  two  st.itions  it  will  be  divided  in  proportion  to  their 
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Interconnector 

Fig.   I.  -  DiaKfjiTi  .1  ...nncclions  for  vtlUi-e  rcKuUlnr  in  iiilerconnea..i  U  tun  t,  • ,%..  ;hieeph.i>c  -ssteiiis 


justifiable    assumption,   since    the   engine    governor   can 
usually  be  adjusted  to  give  approximately  this  condition. 
With  two  stations  A  and   B,  the  following  cases  will  be 
considered  : — 


'I)  A 
I 


fl  r.  ..r  equal  capacity. 

lis  on  the  two  stations. 
A  I  .  -I.  ..' .  i.ap.ic-ily  than  B. 
l.oad  on   B  greater  than  its  proportion  of  the  total 

■  iiions. 
I  ,.1    its  proportion  of   the   total 

c^pacil)  ui  tlic  k:ations. 


tA. 


Two   Stations 

Kht.lll.ATKlN. 


.'iH   II  have  equal  cipacilicN  and  must  run  in 
„  .It    all   limrs   equal    loads. 

1,.  ..bars  IS  gicatcr  than  that 

on  A  •  hutbar*.  naif  Uii»  diUcrcncc  will   l>c  supplied   by 


capacities.  Knowing  the  load  on  the  busbars  and  on  the 
generators  of  e.icli  system,  the  load  on  the  interconnector 
is  known  at  once. 

£a'<iMi/'/r.— Assume  A  to  have  a  cip.icity  of  10,000  kw..  B 
a  capacity  of  5.000  kw.,  i.e.  (Capacity  of  A) ;  (Ciipacity  of  B) 
=  2:1.  The  lo.id  on  each  set  of  busbars  =  (>,oi-h)  kw. 
Then  the  total  load  =  12,000  kw.  Of  this  lo.-id.  A  supplies 
H.ooo  kw.  and  B  4,oixj  kw.  The  load  on  the  interconnector 
=  6.000  —  4.000  =  i.ooo  k w.,  which  flows  from  A  to  B. 

If  the  lo.id  on  As  busbars  =  «,or>o  kw.  and  on  W% 
busbars  =  2,or>o  k«  ,  the  total  loail  =  10.000  kw.  :  of  this 
load,  A  dehve.  «.,  and  B  3.333  kw.,  therefore  the 

lo.id   on  the    n  tor   =  8,000  —  ^>.W>f>  =  1 .33.?  kw.. 

which  flows  from  B  to  A. 

It  is  evident  from  the  alxivc  tlial  if  the  load  conditions 
arc  known,  it  is  a  very  simple  m.iller  to  calculate  the  lo,id 
on  the  interconnecting  line.  If  the  loads  are  steady  the 
engine  governors  m,«y  be  adjusted  by  hand  to  give  the 
miniinuin  or  any  other  desired  load  on  the  inlirconncclor. 
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but  where  violent  fluctuations  occur  manual  adjustments 
of  the  governor  are  impossible,  and  account  must  be  taken 
of  this  fact  when  designing  the  interconnecting  line. 

Where  the  engine  governors  of  two  systems  are  set  for 
different  speed  regulations,  they  will  divide  the  total  load, 
not  in  proportion  to  their  generating  capacities,  but  in 
direct  proportion  to  their  ratings  and  in  inverse  propor- 
tion to  their  speed  regulation,  assuming  a  straight-line 
speed  drop.  Thus,  if  station  A  has  a  rated  capacity  of 
10,000  kw.  and  B  5,000  kw.,  while  A  drops  2  per  cent  and 
B  4  per  cent  in  speed  from  no  load  to  full  load,  the 
two  stations  will  share  the  total  load  in  the  proportion  of 
(10/5)  X  (4/2)  =  4,  i.e.  A  will  deliver  four  times  the  load 
of  B.  If  the  regulation  of  A  is  4  per  cent  and  that  of  B 
2  per  cent,  then  the  proportion  would  be  (10/5)  x  (2/4)  =  i, 
i.e.  the  two  stations  would  deliver  equal  loads.  This  would 
be  a  very  dangerous  condition,  as  B  would  be  heavily 
overloaded  before  full  load  was  reached  on  A.  This 
simply  confirms  what  is  well  known  in  operating  machines 
in  parallel,  namely,  that  when  the  regulation  cannot  be 
made  equal  on  two  machines,  the  larger  one  should  have 
the  closer  regulation. 
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KiG.  2a. — Speed-regulation  curve  for  turbine  or  reciprocating 
engine  wilh  throttle  governing. 


Thus  it  is  a  simple  matter  to  determine  the  distribution 
of  load  between  two  stations  in  parallel,  provided  the 
operating  conditions  and  the  speed  regulation  are  known. 
The  same  methods  may  he  used  where  there  are  several 
stations  in  parallel,  and  as  soon  as  the  loads  on  the  different 
stations  have  been  determined  the  load  on  the  different 
interconnectors  may  he  found. 

In  the  above  considerations  it  has  been  assumed  that 
the  drop  in  engine  speed  is  proportional  to  the  load,  but, 
as  a  rule,  the  regulation  curve  is  not  exactly  a  straight 
line. 

In  a  reciprocating  engine,  or  turbine,  with  throttle- 
governing  only,  the  speed  curve  is  usually  of  the  shape 
shown  in  Fig.  2a,  while  Fig.  26  shows  approximately  the 
curve  tor  a  steam  turbine  with  "  nozzle  cut-out "  governing. 
This  curve  approximates  to  a  straight  line  more  closely 
than  does  that  of  Fig.  2a,  and  it  is  evident  that  the  greater 
the  number  of  nozzle  stages  the  more  closely  does  the 
curve  approach  to  a  straight  line.  It  will  be  noted  that 
characteristics  of  curve  2a,  and  of  each  section  of  curve  26, 
are  a  flat  portion  for  the  lower  loads  and  a  drooping  posi- 
tion for  the  higher  loads.     The  shape  of  curve  shown  in 


Fig.  2a  is  desirable  for  parallel  operation,  because,  if  the 
governors  are  not  set  exactly  alike,  the  machine  taking  the 
greater  load  will  tend  to  drop  more  rapidly  in  speed  and 
thus  shift  its  load  to  the  machine  which  is  operating  on 
the  flatter  part  of  the  speed  curve.  In  the  case  of  nozzle 
cut-out  governing,  it  may  happen  that  the  machine  taking 
the  greater  load  reaches  the  straight  part  of  one  section  of 
the  curve  while  the  other  machine  is  on  the  drooping  part 
of  another  section.  In  this  case  the  more  heavily  loaded 
machine  will  tend  to  take  still  more  load.  This  has  one 
advantage,  however,  as  a  turbine  works  more  economically 
on  the  drooping  portion  of  any  section  of  the  curve  than 
on  the  flat  portion. 

Although  the  speed  curve  may  not  be  exactly  a  straight 
line,  the  distribution  of  load,  as  calculated  by  the  methods 
given  above,  is  sufficiently  close  for  all  practical  purposes. 
In  the  actual  parallel  operation  of  alternators  in  a  station, 
the  loads  are  seldom  divided  exactly  in  proportion  to  the 
ratings  of  the  different  machines  but  shift  from  one  set  to 
another  with  variations  in  the  external  load,  depending  on 
the  governor  adjustments.  This  causes,  however,  no 
trouble  in  the  station  as  long  as  the  sets  share  their  loads 


Fig.  26.- 
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-Speed-regulation  curve  for  turbine  with  combined 
throttle  and  nozzle  cut-out  governing. 


properly  at  the  full  output  of  the  station,  and  hand  adjust- 
ment of  the  governors  is  necessary  from  time  to  time.  In 
the  operation  of  stations  in  parallel  exactly  the  same  prob- 
lems are  involved,  and  there  should  be  no  more  trouble 
than  in  operating  different  generators  in  the  same  station 
in  parallel  provided  that  the  interconnecting  link  is  made 
of  sufficient  capacity  to  take  care  of  any  discrepancies  in 
load  adjustments  due  to  governor  peculiarities. 

It  is,  of  course,  possible  that  in  certain  cases  an  automatic 
regulator  could  be  used  for  adjusting  the  governor  valves 
according  to  the  load  on  the  interconnector,  but  this  is  a 
refinement  which  is  not  likely  to  be  required,  as  satisfactory 
operation  can  almost  always  be  obtained  without  such  a 
device. 

Earthed  Neutrals. 

It  is  becoming  standard  practice  in  all  large  generating 
stations  to  earth  the  neutral  point  of  the  system.  Where 
the  busbars  of  two  earthed  systems  are  directly  coupled 
together  there  may  be  heavy  high-frequency  currents 
flowing  through  earth  between  the  stations,  and  these 
currents  may  cause   trouble  in  telephone  and  telegraph 
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circuits.    There    are    several   ways    of    overcoming    this 
difficulty  :— 

(a)  One  station  only  may  be  earthed.  In  this  case 
arrangements  could  be  made  so  that  when  the 
mtcrconncctor  is  opened  the  unfarthcd  system 
would  be  earthed. 

•  b,  .\n  insulated  earth  cable  could  he  run  from  one 
system  to  the  earth  on  the  other  system,  i.e.  both 
systems  would  have  a  common  earthed  point. 

(c)  Transformers  could  be  inserted  in  the  interconnect- 
ing line. 

(</)  Reactance  or  resistances  could  be  placed  in  the 
earth  connection  to  limit  the  earth  currents  to  a 
negligible  value. 

Stations  of  the  Same  Freqcencv   bct  ok  Diffkrext 
Voltage  or   Phase. 

Where  the  stations  are  of  the  same  frequency  but  of 
different  phase  or  voltage,  it  is  necessary  to  introduce 
transformers  into  the  interconncctor.  The  voltage  and 
phase  transformation  is  made,  where  such  is  required,  in 
the  same  transformers. 

Fig.  3  shows  the  diagram  of  connections  used  for  the  trans- 
formers of  a  4,000-kw.  interconncctor  between  two  stations 
m  London,  one  generating  2,200  volts  two-phase  and  the 
other  11,000  volts  three-phase.  For  varying  the  voltage 
between  the  two  stations  stcp-by-step  regulators  arc  used. 
A  drum-type  oil-immersed  regulator  is  used  for  changing 
from  tap  to  tap. 

Apart  from  the  introduction  of  transformers,  the  oper- 
ating conditions  for  stations  having  different  voltages 
or  phases  are  exactly  the  s.inie  as  wlicn  the  stations 
have  the  same  voltage  and  phase,  except  where  it  is 
required  to  link  up  a  single-phase  system  with  a  two-  or 
three-phase  system.  If  it  is  desired  to  distribute  the  load 
cqu:illy  on  all  phases  of  the  three-phase  or  two-phase 
system,  rotating  apparatus  is  required.  This  mav  take  the 
form  of  a  motor-generator  or  of  what  is  known  as  a  phase 
converter. 

Several  designs  of  phase  converters  have  been  proposed, 
but  they  all  utilize  the  well-known  fact  that  if  one  phase  of 
a  two-  or  three-phase  machine  be  supplied  with  current  and 
the  rotor  be  brought  up  to  speed,  then  two-phase  or  three- 
phase  current  can  be  supplied  from  the  four  or  three 
terminals  of  the  motor.  Various  schemes  are  used  for 
balancing  the  phases,  but  as  this  paper  docs  not  deal  with 
I  of  converting  apparatus,  the  matter  will  not  be 
-  further. 

i  his  type  of  converting  plant  is  used  on  the  Norfolk  and 
Western  Kailway  in  America  for  converting  the  single- 
phase  trolley  current  info  three-phase  current  for  the 
mrtlors  on  the  locomotives.  When  running  down  grade, 
the  three-phase  motors  regenerate  and  supply  single- 
phase  current  to  the  trolley  through  the  converter. 
Similar  pl:i]ii  is  being  installed  in  the  substations  of  a 
icin  for  converting  from  three- 
i  supplying  the  trnllcv  circuit. 

•SliMl      ■.       ''I      llil»ll<KST     !■  HHJI'KNtir.S. 

When  two  stations  of  different  frequencies  arc  to  be  linked 
up  it  i»  nccc»Mry  to  use  a  frequency  changer  of  the  rotating 


type.  This  will  usually  take  the  form  of  a  motor-generator, 
but  in  certain  cases  where  continuous  current  is  required 
it  may  be  advantageous  to  use  a  rotary  converter  for 
changing  from  one  frequency  to  continuous  current,  and 
another  to  change  from  continuous  current  to  the  other 
frequency.  L'nder  this  condition  it  is  of  course  possible  to 
use  both  rotary  converters  for  supplying  continuous-current 
load  from  the  two  different  systems.  This  condition  will 
be  considered  later  on. 

The  cost  of  a  motor-generator  is  compar.itively  higli,  and 
while  it  is  desirable  to  keep  down  its  size  to  correspond  to 
the  load  which  it  is  desired  to  transmit  from  one  station 
to  the  other,  its  cap.icity  must  also  be  chosen  with  refer- 
ence to  the  load  it  may  have  to  transmit  under  abnormal 
conditions,  and  the  choice  of  the  type  of  converting  plant 
will  be  governed  largely  by  this  consideration. 

The  motor-generator  for  frequency  transformation  may 
be  either  of  the  following  two  types  : — 

Synchronous  motor  and  synchronous  generator — csdicd 

"  synchronous  motor-generator." 
Induction    motor    and    synchronous    generators-called 

"  induction  motor-generator." 

Each  set  has  certain  advantages  and  disadvantages. . 

SvNXHROxous  Motor-generator. 

Since  each  machine  of  the  set  must  run  in  synchronism 
with  the  system  to  which  it  is  connected,  the  two  systems 
must  run  at  speeds  which  are  dclinitely  fixed  with  refer- 
ence to  each  other.  In  otlicr  words,  the  two  systems  are 
locked  together  through  the  motor-generator,  which  acts  as 
a  perfectly  rigid  coupling,  and  it  is  the  strength  of  this 
coupling  with  reference  to  the  loads  likely  to  be  thrown  on 
it  which  requires  careful  consideration  in  all  c.ises. 

Since  the  synchronous  set  locks  the  two  systems  in  step, 
the  transfer  of  energy  from  one  system  to  the  other  will  be 
governed  by  the  same  conditions  as  when  the  systems  are 
of  the  same  frequency  and  paralleled  by  a  direct  cable 
connection.  Thus  the  loads  likely  to  be  thrown  on  the 
converting  set  may  be  calculated  in  the  same  way  as 
described  above  for  systems  of  the  same  frequency. 

Advantages  of  Synchronoui  Set. 

(i)  It  is  reversible  and  can  supply  energy  in  either 
direction  without  change  from  the  normal  speed 
ratio. 

(a)  The  motoring  machine  can  be  run  at  unity  power 
factor,  or  even  with  a  leading  power  factor,  and 
thus  assist  in  improving  the  power  factor  of  the 
system.  The  generating  machine  may  be  run  with 
an  over-excited  field  ami  so  reduce  the  lagging 
current  carried  by  other  generators  on  the  system. 

/)i5iJi/:'<JM/ac^*. 

(1)  The  set,  acting  as  a  rigid  coupling,  forces  the  two 

systems  to  run  at  a  fixed  speed  ratio  and  is  there- 
fore subject  to  hcivy  overloads  under  certain 
conditions. 

(2)  Kacti  machine   must   be  synchronized  with  its  own 

system,  an  operation  requiring  some  skill,  especially 
with  certain  ratios  between  the  numbers  of  poles. 
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Fig.  3.— Diagram  of  connections  of  transformers  and  regulators  in  4,000-kw.  interconnector  between  2,200-volt  two-ptiase 

system  and  u,ooo-volt  three-phase  system  in  London. 
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(3)  Where  two  motor-generators  are  operated  in  ftarallct, 
special  arrangements  are  required  in  order  to 
synchronize  an  unloaded  set  with  one  under 
load. 

iKDfCTlOX    MOTOR-GESER*TOR. 

Where  an  induction  motor  and  a  synchronous  generator 
are  used,  the  mduction  motor  docs  not  run  in  syn- 
t  ■  its  supply  system,  but  runs  slightly  below 

cod  :  the  difference  between  its  speed  and 
•cd  (expressed  .is  .1  percentage  of  the  syn- 
c  .    IS  known  as  the  slip,  and  this  varies  directly 

with  the  load  transmitted.  Furthermore,  this  slip  may  be 
regulated  by  adjusting  the  amount  of  resistance  in  series 
with  the  secondary  number.  The  induction  set  may  be 
likened  to  a  slipping  coupling  between  two  prime  movers 
where  the  amount  of  slip  depends  on  the  load  transmitted 
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»o  that  they  arc  not  required   to  operate  at   exactly  the 
same  speed. 

The  Mmplest  way  of  understanding  the  working  of  the 

tnH-irtion  set  is  to  take  a  concrete  example.     Assume  two 

ins  A  and   B  as  in  Fig.  4.     I^t  the  capacity  of  A  be 

i<  '•>o  kw.,  that  of  R  5,000  kw.,  and  th.'it  of  the  motor- 

jjciit  ratnr    i.cxv)  kw.     Assume  the   speed   regulation   of  A 

.1  h  equal  to  2  per  cent,  and  the  slip  of  the 

■  ai  full  load  to  Ik  2  (kt  cent.     If  tbere  is 

11,  and  tlicy  are  each  running  .it 

'ill  run  M  synchronous  speed  and 

will  Irantmil  no  load.     If  a  load  of  i;,ooo  kw.  is  put  on  IVs 

hutharv  '>.<    »r,.  n.i  .,f  JJ  will  lend  to  drop  2  per  cent,  and 

rf  It  i«  a-  .:  A  keep*  its  no-load  speed,  1,000  kw. 

will  be  ti  .  -'ic  innlor-gcncrator.     Hut  the 

load  on  A  /cnrratoi  will  cause  the  speed 


of  A  to  drop  slightly,  and  since  the  load  on  B  is  now- 
reduced  by  the  amount  supplied  by  A,  the  speed  of  B  will 
not  be  reduced  bv  quite  j  per  cent,  and  the  slip  of  the 
motor-generator  being  less  than  J  percent,  it  will  transmit 
less  than  1,000  kw.  To  be  exact  it  will  be  770  kw.  .A 
method  for  determining  the  exact  load  on  the  frequency 
changer  under  different  conditions  will  be  found  in 
Appendix  2.  If  the  load  be  increased  to  10,000  kw.  the 
drop  in  speed  of  B  will  be  doubled  and  the  motor- 
generator  will  transmit  approximately  i,<kx)  kw.,  etc. 

If  wilh  B  giving  a  load  of  5,000  kw.,  and  the  motor- 
gener.-itor  transmitting  770  kw.,  the  load  on  .\  be  L;ra<lu.illy 
increased,  the  speed  of  .\  will  fall  and  the  lo.ad  transmitted 
from  A  to  B  will  be  reduced,  until  when  the  speeds  of  the 
two  sets  have  dropped  by  the  same  percentage  there  will 
be  no  energj'  transmitted  through  the  molor-gcncratot. 

As  is  well  known  an  induction  motor  will  act  as  a 
generator  if  it  is  driven  at  a  speed  above  the  synchronous 
speed  of  the  system  to  wliich  it  is  connected.  The  load  it 
will  deliver  as  a  generator  when  running  at  a  certain  speed 
above  synchronism  is  the  same  as  the  load  it  will  deliver 
as  a  motor  when  running  with  the  same  drop  below 
synchronism.  If,  when  motoring,  full  output  requires 
2  per  cent  slip,  then,  when  generating,  full  output  will 
be  obtained  at  2  per  cent  above  synchronous  speed. 

Returning  now  to  Fig.  4,  if  A  and  B  are  running  without 
load  and  the  motor  at  synchronous  speed,  and  a  load  of 
10,000  kw.  is  put  on  .\'s  busbars,  the  speed  of  .A  will  tend 
to  drop  2  per  cent  with  reference  to  Bs  speed.  This 
means  that  the  induction  machine  is  running  approxi- 
mately 2  per  cent  above  synchronism,  since  its  speed  is 
always  fixed  by  B.  It  would  therefore  supply  1,000  kw. 
if  B's  speed  remained  constant.  But  a  load  of  1,000  kw. 
on  B  will  cause  its  speed  to  drop  0-4  per  cent,  while  the 
reduced  load  on  A  will  mean  less  than  2  per  cent  drop, 
so  that  the  set  will  not  be  running  2  per  cent  .ibovc 
synchronism,  but  something  less  than  2  —  o'4  =  i-6  per 
cent.  Thus  it  will  deliver  somewhat  less  than  Soo  kw. 
The  exact  distribution  of  load  between  tlie  two  statious 
may  be  calculated  from  the  formul.t  in  Appendix  2,  but 
it  is  easily  approximated  wilh  a  degree  of  .accuracy  quite 
sufficient  for  practical  purposes. 

From  what  has  been  said  it  will  be  obvious  that  the 
induction  synchronous  set  is  a  much  more  flexible  link  for 
coupling  up  two  power  systems  than  is  the  synchronous 
set,  and  that  it  is  possible  to  use  a  set  of  comparatively 
small  cap.icity  for  linking  up  two  large  systems  ;  for  by 
making  the  slip  fairly  large  it  becomes  almost  impossible 
seriously  to  overload  the  set  :  also  it  requires  .1  large  varia- 
tion in  speeds  to  give  a  considerable  transfer  of  energy 
from  one  system  to  the  other.  On  the  other  hand,  the 
induction  machine  always  takes  a  wattless  current  and 
does  not  permit  any  adjustment  "f  power  f.ictor  on  the 
system  to  which  it  is  connecli-d. 

Advanlagci  0/  Indiulicn  Molor-gcncralcr. 

(1)  It    is   a   flexible  link  and  permits  a  siivall  set  to  be 

used  liclweeii  twii  large  •-yslems. 

(2)  It  is  easier  to  start  and  put  into  operation. 

(31  By  using  an  adjustable  secondary  resistance,  it  i» 
possible  manually  to  control  over  a  considerable 
range  the  amount  of  energy  transmitted  by  the  set. 
though  this  Involves  a  certain  loss  in  cfTicicncy. 
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Disadvantages. 

(i)  A  comparatively  large  difference  in  speed  between 
the  two  systems  is  required  in  order  that  it  may 
transfer  its  rated  output  from  one  to  the  other. 
This  large  difference  in  speed  often  limits  the 
induction  set  to  transmitting  m  one  direction 
onl}'. 

(2)  The  induction  machine  requires  a  considerable 
lagging  current,  and  no  power-factor  control  is 
possible  on  this  machine  without  introducing  some 
form  of  phase  advancer. 

The  great  advantages  which  the  synchronous  set  possesses, 
of  permitting  power-factor  control  and  of  transmitting 
energy  in  either  direction  without  change  in  speed  ratio 
between  the  two  systems,  make  it  desirable  to  use  the 
synchronous  set  in  preference  to  the  induction  set  when- 
ever possible.  The  great  danger  in  its  adoption  is  the 
possibility  of  overloading  it  and  pulling  it  out  of  step. 
Of  course  it  is  possible  to  protect  the  machines  from 
excessive    overload     by    means    of     an    overload    circuit 


induction  machine  may  be  made  large  enough  to  prevent 
serious  overloading  ;  but  it  must  be  remembered  that  the 
greater  the  slip  the  greater  is  the  variation  in  speed  ratio 
required  to  obtain  a  given  transfer  in  energy  between  the 
two  systems. 


Interconnecting  through  Rotary  Converters. 

It  was  pointed  out  previously  that  under  certain  circum- 
stances it  might  be  desirable  to  interconnect  two  systems 
of  different  frequency  by  means  of  rotary  converters.  In 
general,  this  is  only  commercially  feasible  where  con- 
tinuous current  is  required  in  at  least  one  of  the  stations. 
Fig.  5  shows  two  alternating-current  stations  of  different 
frequency  interconnected  in  this  way.  From  the  con- 
tinuous-current side  of  the  two  rotary  converters  a 
connection  is  taken  to  the  continuous-current  busbars 
in  one  of  the  stations.  With  this  arrangement  it  is 
possible  to  feed  the  continuous-current  busbars  from 
either  or  both  alternating-current  stations,  or  to  supply 
alternating  current  from  the  continuous-current  busbars  to 


Fig.  5. — A  method  of  interconnecting  an  a.c.  ~y>tcm  with  a  combined  .i.e.  .md  c.c.  sy~teni. 


breaker  ;  but,  when  the  breaker  opens,  the  machine  must 
be  synchronized  again,  and  for  a  time  there  is  no  inter- 
connecting link  between  the  two  systems. 

In  general,  a  synchronous  set  should  not  be  used  unless 
its  capacity  is  reasonably  large  with  reference  to  the  smaller 
of  the  two  stations  which  it  couples  together — just  what 
this  relation  should  be  depends  upon  a  number  of  con- 
ditions. Where  the  stations  are  large  and  the  changes 
in  load  comparatively  small  and  not  very  sudden,  it  would 
probably  be  satisfactory  to  use  a  synchronous  set  having  a 
rated  capacity  as  low  as  20  per  cent  of  the  capacity  of  the 
smaller  station.  Under  less  favourable  conditions  it  might 
not  be  advisable  to  use  a  capacity  less  than  40  to  50  per 
cent  of  that  of  the  smaller  station.  But  where  the  syn- 
chronous set  is  as  small  as  20  per  cent  of  the  capacity 
of  the  smaller  station,  overload  protection  must  be  provided 
and  occasional  shut-downs  may  be  expected. 

With  the  induction  set  there  is  practically  no  limit  as  to 
size  ;  for,  no  matter  how  small  the   set,   the  slip   of   the 


either  or  both  stations  ;  also  it  is  possible  to  supply 
alternating  current  from  either  station  to  the  other. 

When  rotary  converters  are  used  the  transfer  of  energy 
from  one  station  to  the  other  does  not  depend  upon  the 
speed  of  the  generators  but  is  controlled  by  manipulating 
the  voltage  of  the  rotary  converters,  and  means  must  be 
provided  for  accomplishing  this  result.  This  may  be  done 
by  synchronous  boosters  or  by  transformer  tappings,  but, 
in  general,  reactance  control  will  permit  sufficient  voltage 
variation  to  give  the  desired  results. 

In  many  large  continuous-current  stations  extensions  are 
made  at  present  with  turbo  plant.  Where  the  units  are 
of  considerable  size  it  is  cuslomary  to  use  a  high-speed 
turbine  and  to  gear  it  to  a  moderate-ipeed  continuous- 
current  generator,  or  else  to  use  a  high-speed  turbo- 
alternator  and  to  convert  to  continuous  current  through  a 
rotary  converter.  The  latter  arrangement  offei3  a  ready 
means  of  linking  up  with  an  alternating-current  station 
should  it  ever  be  desired  to  do  so. 
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KiG.  6. — A  method  oi  interconnecting  a.c.  and  c  c.  system-. 

Practical  Examples. 

It  is  common  pr.ictice  to  operate  electro- liydraulic 
s>'stcms  of  the  same  frequency  m  parallel,  and  on  the 
Continent  and  in  America  many  large  transmission   net- 


motor-Rcncrators.  One  set  has  a  40-cyclc  induction  motor 
and  a  so-cycic  synchronous  generator.  The  other  has 
a  50-cycIc  induction  motor  and  a  40-cyclc  synchronous 
generator.  These  sets  have  worked  very  well  in  service, 
except  that  the  heavv  w;ittliss  currents  taken  by  the 
induction  motors  limit  the  output  of  the  stations  and 
cables.  A  synchronous  condenser  is  being  installed  which 
may  work  on  cither  system.  There  arc  probably  other 
cases  with  which  the  author  is  not  familiar. 

In  France  and  in  Italy  there  arc  some  large  systems  of 
different  frequencies  connected  through  motor-generators, 
and  the  author  is  indebted  to  Mr.  T.  Princtti  of  the  Sociela 
Elcttrica  Riviera  di  Ponentc,  Savona,  Italy,  for  some 
particulars  of  a  very  interesting  installation  where  .1 
synchronous  set  is  used  for  linking  up  two  very  largo 
systems — one  of  lOj  periods  and  the  other  of  50  periods. 
The  synclironous  set  consists  of  two  10,000-k.v.a.  gene- 
rators, one  having  2  poles  and  giving  a  frequency  of 
i6j  cycles,  and  the  other  6  poles  and  giving  a  frequency 
of  50  periods.  Fig.  7  shows  a  diagram  of  connections,  from 
which  the  magnitude  of  the  system  may  be  seen.  Mr. 
I'rinetti  says — 

"  Sj-nchrpnizing  is  usually  done  by  first  synchronizing 
the  turbine  with  the  50-period  part  of  the  plant,  and  after- 
wards with  the  i6-6-period  part,  the  latter  operation  being 
very  easy.  Only  from  time  to  time  is  it  necessary  to 
telephone  to  otlier  stations  to  adjust  the  speed. 

"  It  was  not  necessary  to  apply  any  special  device  to  the 
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regulators  of  the  water-wheels.  The  regulators  are  of 
the  'Riva'  oil-pressure  type  with  an  liydr.iulic  auxiliary 
motor." 

In  tJu  iMo  ni.iciiiiics  are  coupled  to  a  vu.mi 

turbine  ^mal  plan  was  to  use  the  set  for  fcc<ling 

either  01   l>»lli   systems,  but  as  coal  is  now  at  an  almost 
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prohibitive  price  in  Italy,  the  set  does  excellent  service  as 
a  frequency  changer. 

Summary. 

(i)  Polyphase  systems  of  the  same  frequency  may  be 
connected  together  directlj-  or  through  transformers,  and 
operated  in  parallel  without  difficulty,  but  where  each 
station  supplies  its  own  customers  it  is  desirable  to  have 
some  form  of  voltage  regulator  to  permit  independent 
control  of  the  voltage  of  each  station.  If  the  stations  are 
located  in  the  neighbourhood  of  telephone  or  telegraph 
circuits,  are  connected  solidly,  and  have  earthed  neutrals, 
provision  must  be  made  to  prevent  high-frequency  currents 
flowing  through  earth  between  the  stations. 

(2)  To  interconnect  a  polyphase  and  a  single-phase 
system  of  the  same  frequency  a  rotating  machine  of  the 
phase-converter  type  or  a  motor-generator  is  required 
if  the  polyphase  system  is  to  be  symmetrically  loaded. 

(3)  Systems  of  different  frequencies  may  be  intercon- 
nected through  frequency  changers,  sets  consisting  of  two 
S)'nchronous  machines  or  of  one  synchronous  and  one 
induction  machine.  The  synchronous  set  is  usually  the 
more  desirable  since  it  permits  power-factor  control  and 
transmits  energy  in  either  direction  without  a  change  in 
the  speed  ratio  between  the  two  systems.  It  is,  however, 
somewhat  more  difficult  to  operate,  and  to  prevent  danger 
from  overloading  it  should  have  a  fairly  large  capacity 
with  reference  to  the  smaller  of  the  two  stations  which  it 
interconnects.  The  induction  set  is  much  more  flexible, 
and  a  small  set  can  be  used  between  two  large  systems, 
but  it  requires  a  considerable  dift'eience  in  speed  ratio 
between  the  two  systems  for  transmitting  full  load,  and 
the  induction  machine  takes  wattless  current  from  the 
system  to  which  it  is  connected. 

(4)  In  certain  cases  where  continuous  current  is  re- 
quired the  rotarj-  converter  may  be  used  with  advantage 
as  an  interconnector  between  two  stations  of  different 
frequencies,  or  between  an  alternating  and  a  continuous- 
current  system. 

In  conclusion  the  author  wishes  to  thank  Mr.  Prinetti 
for  the  interesting  information  he  has  supplied,  Mr.  J.  \V.    ' 
Beauchamp   for   some   useful    suggestions,   and    Mr.    H. 
Vickers  for  help  in  the  preparation  of  the  appendixes. 


APPENDIX    I. 

The  Effect  of  Resist.^xce  .\n'd  Re.^ctanxe  upos  the 
Parallel  Oper.atiox  of  Alternating-current 
Geker.ators. 

In  a  paper  entitled  "Current-limiting  Reactances  in 
Large  Power  Stations"*  the  effect  on  parallel  operation 
of  two  alternators  by  inserting  reactance  between  them 
was  considered. 

Where  two  stations  are  connected  by  a  cable  of  con- 
siderable length  the  question  of  its  resistance  upon 
parallel  operation  must  also  be  taken  into  account.  The 
following  treatment,  though  very  incomplete,  will  serve 
to  show  the  general  effect  of  resistance  upon  the  parallel 
operation  of  two  generators  or  two  generating  stations. 

*  Journal  I.E.E.,  IQI4.  vol.  52.  p.  520. 


In  Fig.  8  let  OA  and  O  B  represent  the  induced  voltages 
of  the  two  generators,  assumed  to  be 
equal : 

a  the  angle  of  displacement ; 

.\  B  the  resultant  voltage,  due  to  displace- 
ment : 

O  C  the  direction  of  the  cross  current  with 
reactance  onl}'  in  circuit  ; 

O  D  the  direction  of  the  cross  current  with 
reactance  and  ohmic  resistance  in 
circuit : 

»  the  angle  between  O  D  and  the  voltage 
A  B  which  produces  it ; 

R  the  resistance  in  the  interconnecting 
circuit  and  in  the  generators  ; 

L  w  the  reactance  in  the  interconnecting 
circuit  and  in  the  generators. 


Then 


A  B  =  2  O  .\  sin  (a/2) 
Cross  current  =  ^O  A  siM«/2) 


Fic.  ^. 

Total  synchronizing  power 

2COA)'sin(o/2)-        ,  ,       ,    ,  /,,,-, 

=  2  (O  A=/R)  sin  (a/2)  COS  0  [2  cos  (a/2)  cos  ^] 

But  /J  =  (n-/2  — «.). 

Therefore  total  synchronizing  power 

=  [2  (O  A'/R)  sin  (a/2)  cos (0/2)  cos p  sin  ^]  2 
=  (O  A=/R)  sin  a  sin  (2  6) 

2Lo>  R 

=  (O  A=/R)  sin«  •  ^^,  +  L'  c.=  )  V(R'  +  L'u.-) 


:.2(OA|=sina-fT:7 


R=-f-L=o,= 

From  these  equations  the  following  is  apparent : — 
(i)  The   synchronizing  torque   has    a   maximum   value 
when  a  =  90°.     This,  then,  is  the  critical  angle  of  displace- 
ment, as  any  further  displacement  will  cause  the  machine 
to  drop  out  of  step. 

(2)  For  any  value  of   a  the   synchronizing  torque  is  a 
maximum  when  R  :=  o. 

(3)  Without   reactance   there  can  be   no  synchronizing 
torque. 

(4)  For  any  value  of  R   the  synchronizing  torque  is  a 
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nuximuui  when  sin  (2  f)  =  00°,  or  ^  =  45°,  i.e.  when 
R  =  L  «. 

(5)  Where  R  is  small  as  compared  with  Lw,  its  effect  011 
the  synchrociizinjj  torque  is  negligible.  Tlius  if  1.  =  100 
per  cent  .ind  R  =  J5  per  cent,  the  >ynchroniziiig  torque  is 
decreased  only  about  '>  per  cent.  If  R  is  increased  to 
50  per  cent,  the  synchronizing  torque  is  decreased  only 
about  J5  per  cent. 

The  conchisions  are,  that,  for  any  value  of  resistance 
lilielv  to  be  found  in  praclict-   iK  tiYect  may  be  neglected, 

API'KNDIX  r. 
Mkthui)  ok  Cai.ci'i.atixi.  thk  Load  ox  ax  IxDrcnos- 

SYXCHKOXdUS    FrKOI-KXCY    CHAXGER. 

Let  li,  b,  and  i  represent  the  rated  outputs  of  A.  B,  and 

C  respectively  (  Fig.  4). 
/•.,  pt  represent  the  drop  m  >peed  (as  a  fraction  of 

drop  when  >upplying  full  load)  for  A  and  B. 
/>.  rcpre^ent  the  >lip  of  C  (as  a  fraction  of  full-load 

slip). 
L  represent  external  load  on  Bs  busbars. 

Assume  first  that  A  and  H  have  the  same  drop  in  speed 
when  delivering  full  load,  and  that  this  drop  in  speed 
equals  the  >lip  on  C  for  full  load. 

Then,  neglecting  losses. 

L  =  bf,  +  ap (l) 

and  .(/■,  —  /■.)  =  u/..,     or     cp,=p.{a  +  c)      .    .    (2) 

From  the>e  equations  the  loads  on  A,  B,  and  C  may  be 
calculated. 

Assume  <i  =  10,000  kw.,  ft  =  5,000  kw,  1=1,000  kw., 
and  L  =  5,000  kw.     From  i  i )  we  have 

5,000  =  5,000  pi  +  to.ooo  p,  ;  and  from  \2) 
1,000  Pt=:p.  (10,000  +  1,000),  from  which  is  obtained 

/.  =  o  0769      ii  p,  =  yiK)  kw.  =  load  on  C. 
p,  =  0-846        t>  p,  =  42-10  kw.  =  load  on  B. 


If  A  and  B  have  different  speed  regulations  and  C  has  a 
slip  different  ficm  the  speed  drop  of  A  and  B,  the  same 
fornnila-  iniay  be  used,  by  assuming  the  regulation  of  one 
station  iB  for  cxiunple)  as  a  standard,  and  increasing  or 
decreasing  the  ratings  of  A  and  C  in  proportion,  as  their 
slip   is   le^s  or  greater  than  that  of  B. 

For  example,  assume  the  speed  regulation  of  B  to  be  3  % 

A     ,.      2% 
slip  of  C  to  be  4  % 


be    distributed    as   though    speed 
and    as    though   the   rating  of  A 
5,000    kw.,   and  that    of    C    were 
Therefore  assume 


Tlien  the  load>  wil 
drops  were  all  equal, 
were  10,000  x  (3/2)^ 
1,000  X  (3/4)  =  750  kw. 

ii  ^  1 5,000,    b  =  5,000,    f  =  750. 

From  1 1 1         5,000  =  5,000  />,  +  •! 5,000  />. 

From  (21        750  /■<.  =  /•.  1 1 5 .000  +  7  50). 

From  which  is  obtained 

/•„  =00416  ;   15,000  X  0-0416  =  625  kw.  =  l03d  on  C. 
pf  =  0-873  :  5.000  X  0-S75  =  4375  kw.  =  load  on  B. 

If  there  is  a  load  on  the  busbars  of  both  stations,  then 
the  station  which  would  have  the  smaller  drop  m  speed 
for  the  load  connected  to  its  busbars  should  be  taken,  and 
the  load  on  the  other  stajion  determined  for  the  same  drop 
of  speed.  The  difference  between  the  actual  load  on  the 
busbars  and  the  calculated  load  is  that  which  must  be  dis- 
tributed between  the  two  stations,  and  the  load  on  the 
frequency  changer  may  be  calculated  according  to  the 
methods  given  above. 

For  example,  take  the  conditions  assumed  in  the  last 
example,  except  that  there  is  a  load  of  5,000  kw.  on  A's 
busbars  as  well  as  5,000  kw.  on  B's  busbars. 

Now  5,000  kw.  on  A  gives  a  speed  drop  of  i  per  cent, 
and  a  drop  of  i  per  cent  in  speed  gives  a  load  of  i,6(>6  kw. 
on  B.  Therefore,  the  load  which  must  be  divided  between 
the  two  stations  is  5,000  —  i,6W)  =  3,333  kw. 

All  of  the  above  examples  assume  a  straight-line  speed 
curve,  and  the  same  no-load  speed  on  both  stations. 


DlSCCSSIOK   HEFORE   Thk    INSTITLTIOX,   23    NOVEMBER,    \qib. 


Mr.  W.  B.  WooDHOUSt :  I  cannot  help  feeling,  after 
reading  the  paper,  that  the  author  has  given  the  impression 
that  this  is  simply  a  problem  of  running  generators  in 
|«rallel,  and  that  it  docs  not  matter  whether  they  arc  in 
the   same   stAiion   or    not.      That   is    not    the   case.     The 

Pf  It— primarily  because  it  introduces 

''"-  .mission.      The  author   might   have 

emphasized  much  more  the  really  vital  point  in  this 
problem,  namely,  the  question  of  controlling  the  power 
factor.  The  practical  problem  is  the  parallel  operation 
of  stations  which  are  situated  some  distance  apart,  usually 
beyond  the  economical  limit  of  theii  present  distribution 
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iiioii  for  interconnection  is  that  both 

:  of  the  added  srcurilr  given  by  the 

li.il  either  system  is  able  to  transfer  load 

it  will.     The  problem  is  almost  entirely 

n,   and    the   governing  conditions    are 

vrfactor   regulation.      Hunting,   surges. 


fault*,  and  other  transient  conditions  mu^t  .»|so  be  con- 


sidered, but  these  deserve  a  paper  to  themselves.  The  mi, 
case  of  interchange  between  two  systems  of  different  fre-  ^'«"*"'- 
quency,  whilst  presenting  several  very  interesting  technical 
points,  is  likely  to  be  of  decreasing  importance,  because 
a  difference  of  frequency  between  two  stations  m  the 
same  area  implies  that  one  is  non-standard,  and  tlieiefoic, 
.IS  development  takes  place,  the  transfer  of  lo.id  will  be  all 
in  one  direction,  the  system  with  non-slandard  frequency 
being  eventually  either  displ.iced  or  supplied  as  an  ordinary 
consumer.  The  condition  of  most  general  interest  is  there- 
fore the  interconnection  of  two  or  iikmc  stations  working  at 
the  same  frequency,  and  it  will  simplify  matters  in  con- 
sidering this  if  I  take  the  aiil hoi's  (irst  example  where 
he  considers  two  systems,  each  with  a  normal  load  of 
10,000  kw.  and  with  provision  for  an  interchange  of 
5,000  kw.  A  necessary  condition  of  the  problem  is  that 
the  consumers'  volt.ige  on  both  systems  is  to  be  kept  con- 
stant. Assume  that  it  is  desired  to  transmit  from  .Station  B 
to  Station  A  a  load  of  5,000  kw.  and  of  a  power  factor  of 
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075  lagging,  and  that  "the  impedance  voltage  of  the  inter- 
oodhouse.  connector  is  equivalent  to  icper  cent  of  the  line  voltage. 
If  Station  B  possesses  no  means  of  regulating  the  station 
pressure,  and  transmission  is  by  means  of  a  main  of  negli- 
gible reactance,  the  result  will  be  that  the  voltage  of  B's 
consumers  will  drop  10  per  cent.  This  is  obviously  not 
permissible,  so  that  Station  B  must  raise  its  voltage  to  the 
normal,  which  will  produce  a  result  dependent  entirely  on 
the  nature  of  the  transmission  line  :  if  the  interconnector 
is  without  appreciable  reactance  the  flow  of  energy  will 
cease  t  that  particular  case  can  be  left  over  for  the 
moment  ;  if  the  interconnector  possesses  reactance  we 
have  the  interesting  condition  that  power  will  only  be 
transmitted  from  Station  A  to  Station  B  in  exchange  for 
idle  current  from  B  to  A.  That  is  to  say,  Station  B 
which  is  calling  for  power  will  have  to  supply  (i)  idle 
current  for  the  load  generated  at  B,  (2)  idle  current 
for  the  load  supplied  by  A,  and  (3)  idle  current  for  the 
regulation  of  the  transmission  line.  Putting  this  into 
figures,  on  the  assumption  that  the  reactance  and  resistance 
of  the  transmission  line  are  equal,  Station  B  will  require 
steam  power  to  supply  5,000  kw.,  and  alternator  capacity 
to  supply  the  following  wattless  k.v.a.  :  (i)  for  the  load 
generated  by  B,  4,450  k.v.a.  ;  (2)  for  that  supplied  by  A, 
4,450  k.v.a. ;  (3)  for  transmisson-line  regulation,  5,000  k.v.a., 
so  that  Station  B  is  in  the  unhappy  position  in  this  extreme 
case  of  requiring  a  turbine  capacity  of  5,000  kw.  and  an 
alternator  capacity  of  very  nearly  14,000  kw.  That  is 
equivalent  to  a  power  factor  on  the  generators  at  the 
receiving  Station  B  of  about  o-33.  Incidentally,  Station 
A  would  benefit  by  being  relieved  of  9,450  wattless 
k.v.a.  How  are  we  going  to  get  over  these  difficulties  ? 
The  author  has  told  us  of  several  ways.  The  first, 
obviously,  is  the  reduction  of  the  percentage  voltage- 
drop  in  the  transmission  line,  which  can  be  done 
either  by  putting  more  copper  into  the  line  or  by 
increasing  the  transmission  voltage.  I  think  that  is  a 
very  important  matter  to  be  considered  at  present. 
In  view  of  the  proposals  for  interconnecting  existing 
systems  at  their  present  voltages,  and  the  very  interesting 
report  that  has  emanated  from  Manchester,  the  effect  of 
increasing  the  size  of  mains  is  of  interest.  There  is  of 
course  a  limit  to  the  improvement  effected  by  increasing 
the  amount  of  copper,  as  it  only  deals  with  resistance  drop 
and  not  at  all  with  the  inefficiency  of  transmitting  wattless 
k.v.a.  from  one  centre  to  another.  Furthermore,  if  inter- 
connection is  by  means  of  cables,  the  use  of  regulating 
transformers,  which  the  author  has  described,  or  syn- 
chronous boosters,  or  the  introduction  of  reactance  becomes 
essential.  The  increase  of  the  transmission  voltage  is 
another  matter,  and  a  consideration  of  this  question  is 
recommended  to  those  who  anticipate  making  considerable 
use  of  e.\isting  6.000-volt  mains  for  linking  up.  Money 
may  easily  be  wasted  if  the  Uansmission  voltage  is  not 
sufficiently  considered  beforehand.  One  would  be  inter- 
ested to  hear  the  author's  views  as  to  the  use  of  synchronous 
boosters.  In  conjunction  witli  synchronous  condensers 
they  may  form  an  advantageous  alternative  to  regulating 
transformers.  The  use  of  regulating  transformers  for 
small  powers  is  of  course  quite  general,  but  it  presents 
certain  practical  disadvantages  if  frequent  changes  of  load 
are  to  be  met.  For  large  powers  there  seem  to  be  dis- 
advantages.    For  e.Xiimple,  going  back  to  the  author's  case 


of  transmitting  5,000  kw.  from  one  station  to  another  over  Mr. 
a  line  with  a  pressure  drop  of  10  per  cent,  we  can  get  over  ''*'o°<"'°"'^- 
that  10  per  cent  by  putting  in  a  booster  transformer  at  the 
supplying  end,  raising  the  voltage  10  per  cent.  That 
means  we  get  the  power  to  Station  B  at  the  right 
voltage,  but  it  involves  transmission  at  a  low  power  factor  ; 
the  energy  lost  in  transmission  will  be  62  per  cent 
greater  than  if  the  load  were  transmitted  at  unity  power 
factor.  Furthermore,  unless  the  transformer  is  automatic, 
the  interchange  of  idle  current  on  large  variations  of  load, 
such  as  occur  regularly  in  power  supply,  may  be  unsatis- 
factory, and  it  does  not  by  itself  seem  to  be  the  most 
efficient  way  of  dealing  with  the  matter.  There  is  another 
point  with  regard  to  the  use  of  regulating  transformers  on 
existing  systems.  Most  of  the  mains  proposed  to  be  used 
for  interconnecters  are  tapped  at  various  points.  There 
are  substations  at  various  points  of  the  mains  and  they  are 
used  to  supply  power  all  the  way.  It  is  obvious  if  that  is 
the  case,  that  we  shall  have  to  limit  the  amount  of  boosting 
that  can  be  applied  at  any  one  point  and  that  we  shall 
probably  require  a  transformer  at  each  end.  At  the  same 
time  there  are  quite  obviously  cases  where  a  regulating 
transformer  is  valuable.  The  third  method,  and  the  one 
that  seems  most  likely  to  be  generally  adopted,  is  the  use 
of  synchronous  condensers,  which  present  much  greater 
advantages  as  a  means  of  regulation  because  they  not  only 
deal  with  pressure  variation  but  with  variation  of  power 
factor,  and  therefore  one  can  control  not  only  pressure  but 
transmission  losses.  It  is  important  to  remember  that  if 
the  voltages  at  the  two  ends  of  a  transmission  line  are 
adjusted  to  be  constant  and  equal  at  any  load,  they  will 
remain  so  at  all  loads  and  the  power  factor  will  also  be 
constant.  Again,  of  course,  we  must  consider  capital  cost. 
To  transmit  from  one  station  to  the  other,  we  shall  want  at 
the  receiving  end  a  synchronous  condenser,  which  is  a 
somewhat  substantial  additional  cost  to  that  of  inter- 
connecting mains.  If  each  station  is  going  to  depend  on 
the  other,  we  shall  want  a  synchronous  condenser  at  both 
ends  unless  we  compromise  and  put  one  machine  in  the 
middle  of  the  line.  Running  these  machines  also  involves 
a  certain  amount  of  loss,  their  efficiency  at  full  load  is  good, 
but  at  light  loads  the  losses  have  to  be  reckoned  with  ;  the 
running  arrangements  must  therefore  be  studied  carefully. 
As  an  offset  it  must  be  remembered  that  the  use  of 
synchronous  condensers  will  reduce  the  k.v.a.  loading  on 
the  generators,  thus  not  only  enabling  smaller  generators 
to  be  used  for  a  given  kw.  output,  but  reducing  the  stresses 
on  them  in  the  case  of  faults.  Also,  the  synchronous  con- 
denser helps  to  balance  unequally  loaded  phases.  Now- 
adays I  think  all  the  power  systems  are  meeting  the 
difficulty  of  a  decreasing  power  factor.  There  are  a  great 
many  pieces  of  apparatus  on  the  system  which  tend  to 
reduce  the  power  factor,  and  where  in  the  old  days  we 
were  content  to  rate  an  alternator  for  a  power  factor  of 
about  085,  nowadays  we  have  to  go  down  to  070.  There 
is  obviously  a  limit  to  that,  and  it  is  much  cheaper  in 
certain  cases  to  put  that  additional  alternator  capacity  into 
a  synchronous  condenser,  build  the  alternator  for  a  high 
power  factor,  and  let  the  synchronous  condenser  deal  with 
the  idle  current.  In  Yorkshire  we  are  meeting  with  a  con- 
siderable development  of  electric  furnaces.  Many  of  them 
are  single-phase.  Some  which  profess  to  give  a  balanced 
load  unfortunately  do  not  manage  to  do  it,  and  so  we  have 
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uuiij;.  the  pi.icticc  is  to  ran  oni.-  of  the  mam  generators  as  Mr. 
a  motor  when  required.  That  is  the  kind  of  thing  that  can  ^^""<*'"»«' 
be  done  in  existing  stations,  but  if  we  are  going  to  deal 
with  the  practical  problem  of  the  future,  running  s.iy  to 
stations  together,  each  sUilion  controlled  by  an  independent 
authority,  we  are  immediately  met  with  the  difficulty  of 
dealing  with  changes  of  load.  One  cannot  telephone  to 
the  10  stations  and  arrange  just  what  is  to  be  done  to  meet 
an  emergency  :  and  practically,  unless  we  can  get  a 
system  which  will  reguLile  itself,  this  joint  wci  •! 

be  carried  out.    The  problem  can  be  reduced  1  ,ig 

quite  simple,  that  is,  automatic  pressure  regulation  at  e.ich 
station,  or  some  control  point,  and  the  load  dealt  with  by 
each  station  regulated  by  the  actual  amount  of  steam  avail- 
able. They  would  do  as  we  do  with  our  smaller  station 
in  Yorkshire  :  if  the  steam  pressure  is  rising  thevtake  more 
load.  It  is  quite  e.isy  and  automatic.  I  believe  that  is  the 
method  of  the  future.  The  whole  problem,  as  it  appears 
to  me.  is  not  so  much  a  matter  of  the  turbines — I  tliink  that 
has  been  surmounted  long  ago — it  is  simply  a  question  of 
power  factor  and  pressure  regulation.  One  may  para- 
phrase an  old  proverb  and  say  :  "  Look  after  the  power 
factor  and  the  pressures  will  look  after  themselves." 

Mr.  G. "  \V.  Partridge:  Knowing  the  author's  long  ur 
experience  of  this  subject  I  am  rather  disappointed  in  his  P»rtri««e, 
paper."  1  thought  that  he  would  have  told  us  a  little  more 
than  he  has  done  about  the  different  apparatus  used.  The 
question  of  good  piir.iUel  running  depends  first  on  the 
prime  mover  itself.  It  is  very  difficult  to  say  what  type  of 
prime  mover  will  be  adopted  in  the  future.  It  may  be  a 
steam  turbine,  a  gas  turbine,  or  a  gas  engine  :  but  whatever 
the  system  may  be,  the  parallel  running  of  the  prime 
movers  should  be  made  as  easy  as  possible.  The  supply 
pressure  can  be  easily  adjusted,  as  it  is  simply  a  matter  of 
static  transformers  at  the  generating  stations  or  at  the 
substations.  From  my  practical  experience  I  see  no  real 
difficulty  ill  using  on  underground  cables  pressures  up  to 
50,000  volts  ;  ill  fact  1  have  already  seen  underground 
systems  running  at  60,000  volts.  There  is,  I  know,  a  great 
deal  to  be  said  about  the  design  of  the  cable  used  (or  this 
purpose,  but  to  a  certain  extent  it  will  depend  in  the  future 
on  the  frequency  of  the  supply.  In  pl.inning  any  large 
extensions  for  the  future,  the  frequency  is  the  most  impor- 
Lant  point  of  all.  It  is  a  matter  which  has  to  be  settled 
once  for  all,  and  after  il  is  once  settled  it  cannot  be  changed. 
One  has  to  take  into  consideration,  in  settlin-  iit, 

the  long  lengths  of  trunk  mains  in  circuit,  tlu  of 

units,  and  many  other  considerations.  It  seems  to  iiic  that 
il  might  be  .advisable  to  adiipt  a  low  frequency  for  this 
purpose— in  all  probability  lower  than  50.  Hie  .idvanlages 
of  low  frequency  will  be  as  follows  :  First,  there  will  un- 
doubtedly be  less  inductance  and  less  chance  of  the 
svstenis  coming  out  of  step  when  any  violent  fluctuations 
take  place.  Another  advantage  will  be  that  the  regulation 
of  the  system  will  be  much  billei.  The  next  point  is 
cap.acity  current,  which  wlu-n  long  systems  of  trunk  mains 
arc  run  at  extra  higli  a  very  important  matter. 

This   current    will    un  \    be    less   with    the   lower 

frequency.  In  certain  cases  which  I  know  of,  il  is  impos- 
sible to  run  one  generator  alone  on  a  large  system  owing 
to  the  great  rise  in  pressure  which  would  take  jilacc  if  the 
charging  current  of  the  system  were  equal  to  the  short- 
circuit  currenl  of  the  generator,  in  which  case  the  pressure 
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would  rise  to  hundreds  of  thousands  of  volts.     The  rises  in 
pressure  on  extra-high-pressure  systems  would  also  be  less 
if  the  frequenc)'  were  low,  and  the  actual  switching  of 
large  circuits  is  also  much  easier  on  the  low  frequency 
than  on  the  high,  owing  to  the  current  remaining  longer  at   i 
the  zero  point.     It  is  also  well  known  that  low-frequency 
alternators  run  much  better  in  parallel  than  high-frequency 
alternators,  and  as  I  have  said  before,  the  possible  prime 
movers  in  the  future  have  to  be  carefully  taken  into  con- 
sideration.    The  size  of  the  interconnector  cables  referred    j 
to  bj'  the  author  is  a  matter  of  great  importance  and  it  is   i 
essential  that  there  should  be  plent\-  of  copper  between 
the  generating  stations  in  order  to  ensure  good  parallel 
running,   and   more   especially  that   there   should   be   no 
chance  of  the  two  stations  coming  out  of  step  when  violent 
fluctuations  take  place.      I  think  an  induction   regulator 
would  be  preferable  for  the  voltage  regulator  referred  to 
on  page  62.     I  do  not  see  how  the  reversing  switch  D  can 
be  opened  on  the  'primary  side  of  the  transformer  when 
it  is  on  load.     I  suppose  the  load  would  be  reduced  to  zero 
before  the  switch  was  opened  or  reversed.     In  any  case 
I  much    prefer   the    induction    regulator.     Regarding  the 
question  of  earthed  neutrals,  mentioned  on  page  64,  and  the 
high-frequency  current,  we  had  this  trouble  man)'  years 
ago  when  running  in  parallel  with  the  Greenwich  power 
station,   and   in   practice  one  of   the   generating   stations 
switched  the  earth  off  the  neutral  as  soon  as  the  station 
was  connected  in  parallel.   Special  apparatus  was  designed 
which   automatically  reconnected  the  neutral  to  earth  at 
the  generating  station  in  case  it  was  accidentally  discon- 
nected from  the  circuit.    I  notice  that  the  author  on  page  64 
refers  to  the  use  of  transformers  for  an  earthing  system. 
We  make  use  of  this  particular  system  and  find  it  works 
satisfactorily.   The  author  suggests  that  use  should  be  made 
of  devices  limiting  the  earth  current  to  a  negligible  value. 
I  think  this  would  be  impracticable  because  it  is  essential 
that  the  earth  resistance  should  be  low  enough  to  allow 
sufficient  current  to  flow  through  it  to  open  the  largest 
feeder  on  the  system.     I  am  particularly  disappointed  that 
the  author  does  not  say  more  about  the  phase  converter. 
It  is  of  considerable  importance,  more  especially  as  I  think 
in  the  future  there  will  be  many  electrical  furnaces  used,  and 
also  a  certain  number  of  single-phase  generating  stations 
and  railways,  where  it  is  important  that  all  forms  of  supply 
should   be   taken  from  the  standard  three-phase  system. 
With   regard   to   the    two   types   of    frequency   changers 
referred   to   by  the  author,  I  think  where  large   systems 
are  concerned  the  induction  motor-generator  is  preferable 
to  the  synchronous  motor-generator;  as  it  is  less  liable  to 
damage  and  less  liable  to  fall  out  of  step.     At  the  present 
moment  I  am  using  an  induction  motor-generator  having 
a   capacity  of  1,500  kw.  to  interconnect  two  systems  of 
supply,  namely,  the  three-phase  2S-cycle  y.ooovolt  system 
to    a    single- phase    S5-cycle    10,000-volt   system.     There 
is  about  20,000  kw.  capacity  on  one  side,  that  is  to  say  on 
the  three-phase  side,  and  about  10,000  kw.  on  the  single- 
phase  side.     Now  this  motor-generator  has  been  running 
satisfactorily  for  over  six  years  and  has  never  once  come 
out  of  step,  in  spite  of  several  very  heavy  short-circuits  and 
several  very  heavy  disturbances  which  have  taken  place 
on  one  system  or  the  other.     I  went  so  far  as  to  connect 
this  motor-generator  to  one  of  the  three-phase  generators 
which  was  supplying  single-phase  current  to  the  Brighton 


Railway.  We  had  here  a  three-phase  generator  with  an  Mr. 
unbalanced  three-phase  load,  and  this  motor-generator  was  f"'""'s'- 
connected  in  parallel  with  the  85-c)'cle  generators  and 
ran  perfectly.  The  only  drawback  was  that  we  could 
see  the  effect  of  each  train  start  on  the  electric  lighting 
sj'stem  in  the  West  End  of  London,  so  we  had  to  discon- 
nect it ;  otherwise  it  ran  perfectly  from  an  engineering 
point  of  view.  The  synchronizing  of  these  motor-gener- 
ators is  a  very  important  question.  It  is  easy  to  synchro- 
nize the  first  machine,  but  the  difficulty  arises  in  syn- 
chronizing the  second  induction  motor-generator,  as  the 
slip  of  the  loaded  machine  is  different  from  that  of  the 
in-coming  machine,  thereby  making  it  necessary  to  syn- 
chronize through  a  special  resistance ;  the  ordinary  starting 
resistance  would  not  be  suitable  for  the  purpose.  I  think 
the  synchronous  phase  changer  would  only  be  satisfactory 
with  small  systems  of  supply,  because  in  running  on  large 
systems  it  would  be  liable  to  damage  from  the  mechanical 
strains  unless  the  machines  were  very  expensively  built. 
In  any  case  it  would  be  advisable  for  the  synchronous 
machines  to  be  provided  with  a  heavy  damping  winding. 
These  machines  would  also  require  a  special  synchronizing 
apparatus  for  synchronizing  the  second  machine,  due  to 
the  magnetic  lag  of  the  armature. 

Mr.  A.   M.   Taylor  :  I    believe   it   will   be   found   that  ■*'■, 

,  r  Taylor, 

reactances  are  very  necessary  in  the  couphng  together  of 

systems  of  any  magnitude,  even  though  they  be  of  the 
same  frequency  and  voltage.  This  is  largely  on  account  of 
the  limitations  found  in  all  switchgear.  It  maybe  taken 
as  fairly  certain  that  with  the  most  modern  form  of 
generating  machinery,  and  with  the  most  powerful 
switches  in  existence,  it  is  undesirable  to  link  together 
more  than  30,000  kw.  of  machinery  at  5,000  volts  on  one 
busbar,  and  where  large  power  stations  are  near  together 
any  coupling  together  of  two  such  stations,  even  if  each 
may  be' of  only  20,000  kw.  capacity,  would  bring  an  unsafe 
amount  of  plant  on  to  one  system  unless  reactances  be  em- 
ployed. In  one  large  .American  system  that  I  know  of, 
several  large  power  stations  are  thus  connected  together, 
with  reactances  in  every  case,  except  where  the  length  of 
the  interconnecting  cable  or  overhead  circuit  makes  this 
unnecessary.  The  synchronizing  of  large  power  stations 
is  increasingly  difficult  as  the  stations  become  larger, 
owing  to  the  difficulty  of  getting  them  into  synchronism 
before  parallelmg,  and  it  is  conceivable  that  under  certain 
conditions  time  may  be  of  the  greatest  moment  and  might 
spell  the  difference  between  safety  and  disaster.  I  under- 
stand also  that  with  induction  motor-generators  there  is 
considerable  difficulty  in  getting  the  speed  adjustment, 
there  being  no  load  on  the  induction  motor.  It  may  be  of 
interest  if  I  say  a  few  words  about  the  possibility  of 
paralleling  stations  through  static  frequency  changers.  I 
have  now  made  tests  on  a  30-kw.  5,000-volt  set,  and  have  got 
to  a  stage  at  which  I  would  be  quite  prepared  to  design 
frequency  changers  of  at  least  300-kw.  capacity.  The 
problems  that  occur  in  their  manufacture  are  entirely 
those  with  which  transformer  builders  are  well  accustomed 
to  grapple  ;  and  I  suggest  that  a  "bank"  of,  say,  10  such 
frequency  changers,  representing  a  total  of  3,000  kw., 
would  be  just  as  well  able,  if  treated  as  a  bank,  to  be 
suddenly  switched  in  in  the  form  of  a  big  unit,  as  if  they 
were  built  in  one  machine.  The  only  loss  would  be  a 
slight  loss  in  efficiency  and  cheapness  of  construction,  but 
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as  Ihc  efficiency  of  such  a  "  bank "  would  probably  be 
quite  90  per  cent,  this  would  not  much  matter.     Moreover, 
it  would  not  be  necessary  to  .-ynchronizc  nearly  so  closely 
as  with  synchronous  frequency  changers,  and  probably  an 
error   of  60    lag  or  lead,   or  even  of   90",  would   not   be 
att;:nded  with  serious  trouble.     For  this  reason  it  might  be 
possible   to   put  in  a    3,000-kw.    "  bank "    of   static   trans- 
formers, where  a  6.ooo-  or  o  ooo-kw.  set   would  be  neces- 
sary  with    rotating   frequency   changers.     Another    point 
about   the  static  frequency  changer  is  that  short-circuits 
can  take  place  with  impunity  on  either  side  of  the  system. 
Within   certain  limits   the   apparatus   will   be   reversible, 
possibly  to  the  extent  of  it-;  capacity.     If,  however,  more 
than   a  certain  amount    of    encrg>'  were  passed    through 
from   the    high-frequency    side    (75    cycles)    to    the   low- 
frequency  side  (25  cyclc>),  what  would  happen  would  be 
that  triple-frequency  energy  would    be   superimposed  on 
the  low-frequency  wave  of  K.M.F.,  deforming  it  in  such 
a  way  as  to  make  it  more  square  topped,  and  to  increase 
the  root-mean-siiuare  value  of   the  E.M.K.,  which    would 
have  the  desired    result    of    boosting    up    the  overloaded 
system.     The    large  lagging  current,  which  is  the  worst 
feature  of   the    static   transformer,  can    be    compensated 
by  phase   advancers    at   the    station,  as    I    understand  is 
proposed    for     the     induction     motor-generator    scheme. 
The  static  frequency  changer  takes  a  perfectly  balanced 
current  from  the  three  m.iins,  and  delivers  it  to  a  single- 
phase   system   on   the   higher   frequency.     A   three-phase 
supply  can,  moreover,  be  given  if  desired  on  the  higher 
frequency  without   disturbing   the    balance.      As   regards 
regulation,  lo  per  cent  can  easily  be  given,  and  if  neces- 
sary 5  per  cent,  although   this  involves  greater  outlay  in 
material.     By  the  use,  however,  of  an  induction,  or  a  stcp- 
by-slep.  regulator  the   regulation   can    be   brought  down 
easily  to  2  per  cent  or  whatever  may  be  desired.      All  the 
above  remarks  relate  to  step-up  transformation    from  25 
periods  to  75  (or  from  i6-6  to  50)  periods,  but  I  have  also 
obtained  entirely  satisfactory  experimental  results  with  a 
step-up  from  25  cycles   to   50  cycles.     This,  however,    I 
have  not  hitherto  developed,  owing  to  continuous-current 
excitation  being  required,  but  I  sec  no  difficulty  whatever 
in  de-igning  frequency  changers  for  this  purpose  which 
would  be  quite  as  satisfactory  as  those  for  the  25  to  75  (or 
i6'6  to  50I  cycle  step-up,  and  which  would   possess  practi- 
cally most  of   the  same  features.     There  would,  of  course, 
be  no  difficultv  in  a  generating  station  in  finding  the  small 
amount  of  continuous  current  required  for  excitation.     I 
have  also  experimentally  stepped  down  the  frequency  from 
75  lo  as  (or  50  lo  i6'6)  periods,  and  probably  the  same 
could  be   done  with  stepping  down   from  50  to   25.     If, 
however,  the  apparalu"  as  already  stated  is  found  to  be 
sufficiently  reversible  (so  long  as  the  25-pcriod  supply  docs 
not   enlifcly  give  in  I,  there   would  seem   to  be  no   object 
in  employing  special  transformers  to  acl  independently  of 
that  Mipply.     In  conclusion,  I   should  like  to  suggest  that 
the  simplicily  of  the  static  frecjueiicy  changer,  and    the 
caw:  wiih    which   it  can    tic  switched    into   circuit    under 
aInKnt  all  conditions,  and  Ihc  fact  that  it  requires  practi- 
C4lly  n>>  allcnlion  when  once  twitched  in,  being  capable  of 
very  heavy  overloads,  and    being   sclf-proicctive   against 
riv  irt-circuils  on  either  side,  combine 

to  I  'I  for  use  as  a  piece  of  interlinking 

apparatus  ,  iiiui,  Irvitig  catily  capable  of  sub-division,  the 


amount  of  apparatus  left  in  at  any  time  can  be  arranged  to  Ur. 
be  more  or  less  proportional  to  the  plant  in  operation  on  ^■''^''"■■ 
the  two  systems,  with  corresponding  economy. 

Sir  Chari.es  P.\ksons  :  We  are  much  indebted  to  the  s<r  i;h»rt< 
author  for  bringing  this  subject  before  us.  At  the  present 
time  many  things,  figuratively  speaking,  arc  in  the  melting- 
pot,  and  among  lliem  we  are  looking  round  to  see  how  we 
can  economize  the  resources  of  this  country  and  incident- 
ally distribute  cheaper  electricity.  The  trend  of  opinion 
at  present  is  that  the  country  should  be  covered  with  large 
distribution  systems,  and  the  difficulty  is  :  what  are  we  to 
do  with  our  present  stations,  based,  as  they  arc.  on  various 
frequencies  and  pressures,  and  what  is  the  cheapest  and 
best  course  to  adopt  so  as  to  secure  an  entirely  satisfactory 
result  with  the  minimum  expenditure  ?  I  hope  the  author 
may  tell  us  more  of  what  is  being  done  in  America  with 
regard  to  linking  up.  and  give  us  some  additional  informa- 
tion on  this  subject.  Some  people  think  that  wc  shall  have 
to  do  a  great  deal  of  scrapping  and  that  the  uneconomical 
method  of  using  frequency  changers,  which  waste  much 
more  energy  than  pressure  equalizers  and  boosters,  should 
not  be  adopted.  There  is  one  point  with  regard  to  the 
future  on  which  I  should  like  to  say  a  few  words. 
VIr.  Partridge  has  alluded  to  what  is  likely  to  be  the 
prime  mover  of  the  future,  and  I  should  like  to  add  further, 
the  query — what  will  be  the  means. of  generating  elec- 
tricity in  the  future  ? — because  several  possible  means 
have  been  suggested.  For  instance,  we  may  possibly  make 
electricity  direct  from  coal  without  machinery.  Then 
there  is  the  possibility  of  perpetual  motion — abstracting 
energy  from  the  motion  of  the  molecule,  which  would  be 
quite  a  rational  method  if  it  could  be  accomplished.  If 
wc  could  only  get  machinery  small  enough  to  lay  hold 
of  the  molecules  as  they  vibrate,  wc  should  of  course 
gel  energy  for  nothing.     We  could  by  this  means  abstract  * 

energy  from  the  sea  and  rctlucc  it  in  temperature  and  the 
energy  would  be  available  for  work,  and  conver.sely  this 
work  would  generate  heat,  and  then  we  should  get  the 
cycle  for  nothing  and  without  burning  any  fuel.  How- 
ever, there  is  no  doubt  that  at  present  steam  plant  has  no 
rival  for  large  units,  though  it  is  not  the  most  economical 
prime  mover  in  small  units,  and  its  efficiency  is  getting 
very  near  to  that  of  the  internal  combustion  engine.  On 
the  other  hand,  the  size  of  cylinder  of  the  internal  combus- 
tion engine  is  limited  by  what  the  metal  will  stand. 
Professor  Hopkinson  has  shown  that  the  heal  radiated  to 
the  walls  varies  approximately  as  the  square  root  of  the 
dimensions,  and  its  duration  in  a  large  engine  is  longer 
than  in  a  small  eiigiiw;.  Consequently  the  cyclic  tempera- 
ture rise  and  fall  of  the  surface  of  the  metal  is  much 
greater  in  the  large  cylinder  than  in  the  small  cylinder, 
and  a  point  is  reached  beyond  which  it  is  uns;ife  to  increase 
the  size  of  the  cylinder,  so  that  to  construct  a  large  engine 
means  a  multiplicity  of  cylinders.  This  makes  the  engine 
costly  and  also  complicated  for  large  units. 

Mr.  H.  Hkazil  :  I  wish  lo  say  a  few  words  on  the  Mr.  iva 
frequency-changing  apparatus  used  for  tr.insforming 
energy  from  one  system  to  another,  .md  ^icrhaps  my 
experience  with  the  running  of  similar  plant  may  be  of  , 
interest.  The  author  suggests  three  types  of  apparatus, 
namely,  the  synchronous  motor-generator,  the  induction 
niolor-generalor.  and  the  lolary  converter.  If  the  inter- 
change of   load  is  considerable,  Ihc  question  of  efficiency 
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will  have  to  be  carefully  looked  into,  but  of  course  efficiency 
is  not  everything  in  these  cases,  continuity  of  supply  being 
equally  important.     What  one  desires  to  know  is  what  will 
happen  when  a  large  interchange  of  load  takes  place.     I 
have  for  some  time  been  running  substations  with   rot.ary 
converters,  synchronous  motor-generators,  induction  motor- 
generators,  and  Diesel  engines,  and  it  is  interesting  to  see 
how  the  different  types  of  apparatus  deal  with  a  suddenly 
increased  load.     The  rotary  converter  will  try  to  take  the 
whole  of  the  load  that  comes  on  the  station,  and  also  try  to 
drive  all  the   other  motor-generators  as  well.     The  syn- 
chronous motor-generator  will   take  a   very   considerable 
overload,  and  will  keep  in  step,  although  the  speed  may  be 
varying  up  and  down  quite  audibly.     The  induction  motor- 
generator  will  take  the  load  quite  well  and  will  not  drop 
out,  unless  it  is  verj-  excessive.     The  Diesel  engine,  how- 
ever, refuses  to  take  any  more  load,  and  if  one  tries   to 
make   it   do   so   by   increasing   the   field,   it   will    steadily 
decrease  its  speed  until  it  is  probably  taking  less  load  than 
before.     Comparing  the  synchronous  and  induction  motor- 
generators,  I  am  in  favour  of  the  synchronous  type,  as  it 
has  a  higher  efficiency  and  is  able  to  transmit  energy  both 
ways  under  all  conditions,  a  matter  of  very  great  importance. 
It  is  true,  as  the  author  states,  that  an  induction  motor- 
generator  will  transmit  energy  both  waj's,  but  he  does  not 
make  it  clear  that  this  is  only  possible  when  there  is  syn- 
chronous plant  running  on  the  svstem  to  which  it  is  desired 
to  give  supply.     This  is  a  matter  of  some  importance,  as 
there  should  be  many  occasions  when  one  desires  to  run 
one  station  only,  and  either  station  must  be  in  a  position  to 
run.     Coming  now  to  the  question  of  earthed  neutrals,  the 
author  gives  us  four  ways  of  getting  over  this  difficulty  ; 
the  first  is,  that  one  station  only  may  be  earthed,  arrange- 
ments  being   made   so   that   when   the  interconnector    is 
opened    the    unearthed     system     will    automatically     be 
earthed.      I    do    not    like   this    arrangement    because    it 
involves   some   apparatus    which    is    liable   to   go  wrong, 
and  the  trouble  that  occurs  on  a  system  which  normally 
is  running    with    an    earthed    neutral,    when    the    neutral 
point    is    disconnected,    is   very   serious.     I    have    known 
cases  where  the  number  of  breakdowns  on  transforming 
plant   due    to     the     neutral    being   disconnected    became 
quite  serious.     The  second  method  is  to  run  an  insulated 
earth  cable  from  the  generating  station  of  one  system  to 
that    of    the    other,    both    systems     having    a     common 
earthed  point.     This  is  a  very  good  arrangement,  but  as 
the  two    generating    stations   are  almost  certainly  a  long 
distance  apart,  it  would  involve  a  very  large  expenditure, 
and  I  am  afraid  the  cost  would  be  prohibitive.     The   third 
method,  as  I  understand  it,  is  the  insertion  of  transformers 
in  the  interconnecting  line,  so  that  the  busbars  of   the  two 
systems  are  not  directly  connected,  and  each  can  have   its 
own  neutral  point  earthed  without  there  being  any  inter- 
change of  current  through  the  earth.     Putting  transformers 
in   the  interconnecting  line  simply  to  do  away  with  the 
earthed  neutral  trouble  does  not  seem  quite  worth  while, 
unless  there  are  other  advantages  to  be  gained  by  inserting 
these    transformers.      The    fourth     method    is    to    place 
reactances  or  resistances  in  the  earth  connection,  so  as  to 
reduce  the  earth  current  to  a  small  value  ;  this  to  my  mind 
is   the    best   arrangement.     Tne    difference    in    potential 
between  the   neutral   point   of   one   system   and   that    of 
another,  is  not,  I  believe,  high,  that   is  to  say  300  or  400 


volts.      Consequently  if   we  have   a   resistance   of   20   or  Mr.  Brazil. 
30  ohms  in  each  system,  that  is  to  saj'  a  total  resistance  of 
40  or  60  ohms  between  the  neutral  points,  there  will  not 
be  much  current  flowing. 

Mr.   A.   P.   Trotter  :   The   author   read   a   paper  four  Mr. 
years  ago  '=  on  earthed  neutrals,  in  which  he  dealt  with 
the  subject  frankly  and  without  any  bias.     It  was  fully  dis- 
cussed, and  I  think  26  speakers  were  in  f.avour,  7  opposed, 
and  4  were  neutral  at  that  date.     The  question  now  is, 
assuming  neutral  earthing,  how   is  it  to  be  done  ?    The 
matter  may  be  treated  from  three  points  of  view.     First, 
the  supply  engineer  considers  the  triple-frequency  circu- 
lating currents  if  there  is  earthing  at  more  than  one  point. 
The  Post  Office  has  to  be  considered,  because  if  we  earth 
at   more    than    one    point,   telephones   are    likelv   to    be 
troubled.     The  third  is  safety.     One  of  the  main  objects 
of  earthing  the  neutral  point  is  to  trip  the  circuit  breaker 
in  case  of  a  serious  leak.     In  case  an  overhead  wire  comes 
!   down,  the  engineer  is  quite  ready  to  shut  down  that  line 
!   until  the  wire  is  repaired.     Most  engineers  want  to  shut 
1    down  their  cables  in  the  event  of  a  leaky  cable,  and  I  think 
I   the  higher  the  voltage  the  better  it  is,  because  it  is  the 
I   more   likely  to   develop   a   short-circuit   between   phases, 
I   The   highest   pressure,  so   far,  in   this  countrv  is  30,000 
volts.     I  saw  it  stated  the  other  day  that  the  great  han- 
I   dicap  of  supply  companies  in  this  country  is  the  limitation 
of   voltage  by  the  Board  of   Trade.     You  all  know  that 
there  is  no  such  limit. 

If  one  station  only  need  be  earthed — and  I  have  not 
heard  any  reasons  why  it  should  not  be  so — that  ought  to 
be  s«fficient  to  open  the  circuit  breaker,  or  the  balanced 
protective  device.  If  that  is  so,  no  insulated  cable  is 
wanted  ;  I  should  be  sorry  to  think  it  was  necessary  to 
have  one.  The  current  which  is  required  to  trip  the  pro- 
tective device  is  so  small  that  an  armouring  of  the  cable  - 
would  do  if  necessary.  It  seems  impracticable  to  limit  the 
earth  currents  by  reactances  or  resistances.  If  we  are 
going  to  limit  them  from  the  point  of  view  of  the  Post 
Office,  we  may  have  to  come  down  to  some  micromilli- 
amperes,  which  we  cannot  be  bothered  with.  We  want 
to  have  a  current  which  will  definitely,  and  without  any 
doubt,  trip  the  earth  circuit  breaker,  or  better  still,  a 
protective  device. 

{Communicated)  :   The   following   table   shows   the    fre- 

EUctrical  Supply  Undertakings. 


Thousands 

Frequency 

No.  of  Stations 

of  Kilowatts 

25 

10 

93 
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50 
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9 
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quencies  at  present  u»:d  in  this  country.    The  commonest 
frequency  in  •  i  electrical  supply  undertakings  is 

- '  ''■•  .     Mj  supplied  exceed  twice  the  whole 

case  of  power  companies,  a  frequency 

I  ut  of  lf>,  but  more  power  is  supplied  at 

40  ■  ■;  put    tORether.      This  is  no  arguiiicnt 

tiicy  of  40  outside  the  district 

.1-1.     If  this  IS  excluded.  50  is 

!iuii.     liit—e  ligurcs  arc  not  offici.il.     Rcfjula- 

!C   Kxtra   High  Pressure  Regulations  of  the 

Bcird   ol    lYade   has  for  more  than   10   years  restricted 

tii-qucncics  to  25  and  50,  except  in  the  N'orth-Kast  Coast 

district      It   seems   undcsir.ible  that   tecs  or   substations 

should    be   connected    to    linking    mains.     These   should 

'.litim.itely  form  a  high-pressure  network,  and  a  frequency 

i-'f  ^5  seems  suitable. 

Mr  W.  M.  MoRi'EY  :  What  we  have  heard  to-night 
s  the  difficulties  in  distribution  which  result 
'W  power  factor.  Those  difficulties  are  so  great 
that  I  am  always  looking  for  some  development  of  the 
static  condenser  method  of  correction.  Some  years  ago  I 
read  a  paper  *  on  the  subject,  giving  some  results  of  tests, 
and  pointing  out,  with  a  view  to  inducing  manufacturers 
or  station  engineers  to  experiment,  the  great  advantages 
such  condensers  should  have  as  compared  with  synchro- 
nous condensers,  as  ovcr-excited  alternators  are  being 
called.  In  that  paper  I  showed  that  the  losses  in  static 
condensers  were  very  much  less  than  those  in  synchronous 
condensers,  that  the  cost  based  on  such  information  as 
was  then  available  was  very  much  less,  that  they  had  the 
very  great  advantage  of  being  stationary,  and  that  they 
had  the  further  advantage  of  giving  a  distributed  correc- 
tion when  used  instead  of  a  local  correction.  I  have  been 
ted  that  such  things  have  never  come  into  prac- 
'O  far  as  I  know.  Perhaps  the  author  will  tell  us 
whellier  in.inulacluccrs  or  power-supply  authorities  have 
ever  investigated  that  question  carefully.  If  they  have  not, 
I  sug|;est  it  as  probably  a  fruitful  subject  for  a  practical 
experimental  investigation. 

Mr.  E.  T.  Williams  :  I  should  like  to  add  an  expression 

■  '  ■  (1  iiess  to  the  author.     The  subject  of  his  paper, 

ine   at   an   opportune   moment,   is   of   great 

I  the  clear  way  in  which  the 

lit  also  as  enabling  the  matter 

iiiH".  to  be  discussed.     I  propose  to 

,      t  of  the  problem.     In  par.igraph3, 

we  sec  that  due  to  the  l.ick  of  foresight  in  the  past,  a  large 

number   of   dilTercnt    systems   of   distribution   have   l>een 

adopted,   and    particularly   that    a   considerable    number 

.'■'■':  I    consider  that  great 

nccrs  in  this  country  for 

tlity  have  recently  taken  up 

,  ly,  and  1  think  that  we  must 

1  inis  enthuMasin  leading  us  in  wrong 

■  ■  (inimendablc  aspect  of  gelling  some- 

In  thinking  over  this  subject,  I 

.  .u'.ion  that  when  the  electricity  supply 

'rv  have   been  divided  into  districts,  as 

'  f  the  first  things  required  in  each 

in  be  arrived  at  with  reference  to 

iiid  for  the  frequency  and 

lliat  the  interconnecting 
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between  stations  shall  not  be  done  direct  from  one  station  Mr. 
to  another,  but  through  the  trunk  main  for  the  district.  It  ^^'''"*"" 
will  then  be  for  the  engineers  ol  the  separate  supply  under- 
takings to  decide  whether  to  bring  their  systems  into  line 
with  the  district  trunk  system  or  to  adopt  one  of  the 
devices  dealt  with  in  the  paper.  Kach  engineer  will  have 
to  ask  himself,  seeing  that  the  future  demand  for  electricity 
will  be  f.ir  greater  than  it  is  at  present,  whether  he  would 
not  best  be  serviuR  the  interest  of  Ins  undertaking  by 
boldly  facing  the  ch.inging  of  his  system  to  comply  with 
the  system  of  the  district  at  the  initial  stage.  This  will 
not  prevent  him  installing  a  limited  amount  of  inter- 
connecting plant  for  use  during  the  transition  period,  but 
such  a  plant  would  be  strictly  limited  in  extent  and  the 
arrangements  made  would  be  of  a  temporary  nature.  I 
think  it  will  be  evident  that  if  a  number  of  stations  are 
interconnected  through  a  common  network,  some  form  of 
central  control  will  be  necessary.  This  control  would 
probably  more  readily  be  attained  if  a  trunk  system  of 
interconnection  is  adopted.  The  great  advantage  of  a  • 
district  trunk  system  would  be  that  any  new  stations  in 
future  could  feed  directly  on  to  this  system.  It  will  be 
evident  for  example  that,  considering  the  reform  in  the 
London  district,  interconnection  if  not  carried  out  in  a 
manner  suitable  for  liulk  supply  later  will  involve  consider- 
able expense  and  yet  be  no  nearer  to  the  ultimate  solution 
of  the  supply  problem  for  the  Ixindon  district,  namely,  by 
bulk  supply  from  three  or  four  stations  situated  in  econo- 
mic positions  outside  the  district.  Further,  it  would  be  a 
very  great  advantage  if  it  could  be  laid  down  at  an  early 
date  what  system  of  inter-district  trunk  mains  will  be  used 
as  interconnectors  between  the  larger  districts.  If  this 
were  once  settled,  it  might  possibly  influence  the  decisions 
of  the  local  committees  as  to  the  system  to  be  adopted  for 
the  district  trunk  mains.  It  might  also  influence  the 
designers  of  new  power  stations  in  their  wish  to  be  in  a 
position  to  supply  curient  in  hulk  through  either  the 
district  trunk  mains  or  the  inter-dislrict  trunk  system.  I 
have  endeavoured  to  emphasi/ce  the  need  for  looking  at 
the  whole  position  clearly  and  fully,  in  order  that  if  capital 
is  expended  now  or  other  action  taken,  we  shall  not  have 
to  regret  in  future  what  we  now  do.  I  suggest  there  is  an 
opening  for  one  or  more  papers  similar  to  the  author's, 
but  dealing  with  mains  and  interconnecting  switchgcar. 
I  should  like  to  call  attention  to  the  desirability  when 
installing  new  interconnecting  mains  of  also  l.iying  a  multi- 
core  telephone  cable,  as  it  is  considered  that  the  com- 
munications with  the  numbers  of  stations  running  in 
parallel  will  be  important  ;  thus  it  is  desirable  that  the 
telephbne  system  for  this  purpose  shall  belong  to  the 
electricity  supply  undertakers  and  be  used  solely  for  their 
purposes. 

Mr.  J.  S.  Hu.Hrtf.l.li  {(oniniuntcated)  ■  The  paper  has  Mt 
a  special  importance  at  the  present  time  when  the 
desirability  of  linking  up  power  slalion-  is  so  freely  dis- 
cussed. Two  statinns  working  at  the  same  frequency, 
where  the  power  factor  is  high,  ami  particularly  where  the 
generators  arc  turbine  driven,  can  be  worked  together 
with  case.  Difficulties  arise  when  reciprocating  plant  is 
used  and  when  the  power  factor  is  low.  These,  however, 
can  be  overcome.  Different  fre<|uencics  at  once  introduce 
further  problems.  There  is  not  much  difficulty  in  giving  a 
supply  from  a  large  station  to  a  small  one   by  means  of 
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asynclironous  motor-generators  which  can  be  run  in 
parallel  with  the  small  plant.  This  method  is  equally 
applicable  when  the  supply  is  to  be  given  from  one  large 
station  to  another  large  station.  It  is  then  usually 
desirable  that  the  arrangement  should  be  reversible  ;  in 
fact,  it  is  generally  so  desirable  even  when  one  of  the 
stations  is  small.  To  enable  this  to  be  done,  the  only 
method  I  know  of  is  to  use  a  motor-generator  consisting 
of  two  synchronous  m.achines,  as  the  author  points  out. 
The  difficulties  are  then  greatly  enhanced.  First,  there  is 
the  difficulty  of  paralleling  both  sides  ;  this  is  not  in- 
surmountable, but,  to  say  the  least,  it  is  not  very 
convenient.  The  forces  necessary  to  keep  the  two 
systems  in  parallel  must  clearly  be  transmitted  through  the 
motor-generator  shaft ;  the  shaft  must  therefore  be  of 
sufficient  size.  A  disturbance  at  either  station  might 
cause  these  forces  to  be  large,  and  great  trouble  would 
then  result.  The  arrangement  can  be  used  under  certain 
special  conditions,  but  I  cannot  believe  that  it  is  one  that 
will  come  into  common  practice.  I  think  that  all  these 
methods  for  linking  up  and  giving  bulk  supplies  with 
alternating  systems  at  different  frequencies  must  be  of  the 
nature  of  make-shifts,  and  that  ultimately  the  frequency 
must  be  standardized.  Doubtless  this  progress  will  take 
considerable  time.  It  is  remarkable  that  whereas  the 
Board  of  Trade  fixed  rigid  standards  for  variation  of 
pressure,  no  restriction  was  made  as  to  frequenc)'.  I 
know  of  one  system  where,  for  a  time,  a  frequency  of  60 
was  given  part  of  the  day  and  100  frequency  during  the 
other  part.  The  problem  is  one  which  I  had  to  consider 
for  the  western  area  of  the  Metropolitan  Electric  Supply 
Company,  where  the  supply  is  two-phase  60  cycles.  It 
was  desired  to  give  a  supply  in  bulk  to  the  different 
undertakings  in  the  area  working  at  frequencies  of  50,  40, 
74,  and  90,  all  single -phase,  besides  several  continuous- 
current  systems.  It  was  consequently  necessary  to  use  in 
any  event  rotating  machinerj-  in  the  substations.  At  that 
date  none  of  the  undertakers  were  at  all  likely  to  change 
their  frequency,  and  what  the)'  were  likely  to  want  was  a 
bulk  supply  of  a  few  hundred  kilowatts  delivered  to  them 
at  their  proper  frequency  and  with  machinerj'  suitable  for 
running  in  parallel  with  their  own  plant  and  preferably 
reversible  so  that  the  supply  could  be  reciprocal.  The 
only  waj'  of  dealing  with  this  particular  problem — which 
was  quite  a  special  one — was  to  use  continuous-current 
motors  for  driving  the  sub-generators,  and  it  was  in  order 
to  get  over  the  paralleling  difficulties  and  to  provide  a 
supply  of  electricity  in  a  form  in  which  it  could  be  sold 
that  as  a  pioneering  system  the  Thury  method  was  adopted, 
the  other  advantage  being  that,  after  capitalizing  the  losses 
due  to  the  constant  current,  the  total  cost  of  the  cable 
system,  in  this  case  necessarily  high,  was  much  less  than 
with  an  alternating  system.  Since  the  date  (1907)  of  my 
first  paper  on  this  system,^-  the  problem  has  taken  a 
different  aspect.  It  is  now,  I  think,  generally  recognized 
that  wherever  economicall)'  possible  the  frequency  should 
be  standardized  and  the  system  changed  to  three-phase. 
There  are,  however,  many  instances  where  the  cost  of 
making  the  change  is  prohibitive. 

Mr.  A.   G.   CoLLis  {communicated)  :    I    am   rather   dis- 
appointed in  this  paper.     The  many  practical  difficulties 
experienced  are  not  referred  to,  and  the  omission  of  the 
*  Journal  I.E.E.,  1907,  vol.  38,  p.  471. 
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essentials  for  successful  operation  suggests  that  the  title  of  Mr.  Coiiis. 
the  paper  could  be  improved.  Generalities  are  indulged 
in,  and  the  chief  point  I  notice  is  the  necessity  for  proper 
adjustment  of  "steam  supply,"  referred  to  on  page  61. 
The  responsiveness  of  the  throttle  control  of  steam  to  the 
variable  conditions  of  electricity  supply  is  well  known,  and 
the  cyclic  variation  of  the  mechanical  sideimposes  electrical 
control  other  than  that  referred  to  in  the  paper.  One  of 
the  problems  of  the  paralleling  of  station  groups  for  units 
of  high  power  is  the  limitation  of  the  necessary  switchgeai" 
devices  for  their  control,  and  it  is  owing  to  this  that  the 
development  of  such  stations  has  been  retarded.  This  is 
not  mentioned  in  the  paper,  but  a  suggestion  in  the  form 
of  a  step-by-step  regulator  is  put  forward  as  a  cure  for 
such  evils.  Has  it  been  used  successfully,  seeing  that  it  is 
hand-controlled  and  its  application  similar  to  the  despised 
rheostat  referred  to  in  the  paper  ?  There  are  obvious 
difficulties  with  this  gear,  and  as  I  assume  from  the 
diagram  on  page  62  that  the  secondary  of  the  current 
transformer  forms  a  closed  circuit  to  the  secondary  of  the 
potential  transformer,  the  terminal  pressure  of  both 
secondaries  must  be  the  same,  and  the  current  in  the 
secondary  of  the  current  transformer  must  be  so  arranged 
that  it  can  pass  through  the  secondary  of  the  potential 
transformer.  This  being  so,  and  since  great  difficulties 
are  met  in  constructing  this  apparatus  economically,  it 
would  be  most  expensive  and  no  advantage  would  result 
from  its  use.  Also,  each  station,  or  group  of  st.ations, 
would  have  to  be  provided  with  one  of  these  equipments ; 
and  if  either  one  or  the  other  system  experienced  a  short- 
circuit,  the  whole  equipment  would  naturally  be  burnt  out. 
Seeing  that  the  pressure  across  the  secondary  of  the 
current  transformer  will  be  proportional  to  the  current 
that  is  flowing,  it  would  be  necessary  to  have  someone  con- 
tinually at  the  rheostat  to  deal  with  fluctuations  in  the 
load  when  maintaining  a  constant  pressure,  which  would 
be  of  course  quite  impracticable.  However,  I  shall  be 
glad  to  have  full  technical  particulars  of  this  apparatus 
before  passing  my  final  criticism.  Again,  no  reference  is 
made  to  the  protection  or  maintenance  of  suppl}'.  If  an 
accident  happens,  say,  to  one  unit  what  is  to  be  done  r  I 
contend  that  the  following  is  neces.sary  :  (i)  The  unit 
should  be  disconnected  when  current  is  in  the  forward 
direction  and  at  75  per  cent  of  the  short-circuit  value. 
(2)  It  should  open  on  reverse  current  irrespective  of  the 
pressure.  (3)  An  internal  short-circuit  on  phases  going  to 
earth  should  be  immediately  isolated.  (4)  It  must  be  im- 
possible to  switch  on  a  dead  machine.  Figs.  4,  5,  6,  and  7 
do  not  suggest  themselves  as  ideal  owing  to  the  necessity 
of  flexibility  of  sectionalizing,  unless  these  are  only  key 
diagrams.  With  reference  to  page  63,  earth  neutrals 
involve  more  consideration  than  is  provided  for  in  the 
paper.  The  critical  and  contentious  points  connected 
with  parallel  operation  appear  to  be  omitted,  evidently 
for  some  reason  ;  also  all  reference  to  the  k.v.a.  rating  of 
switches.  These  are,  however,  the  vital  points  of  such 
control  of  electrical  energy. 

Mr.  J.  S.  Peck  {in  reply)  :  Mr.  Woodhouse  has  laid  great  Mr.  Peck. 
stress  upon  the  difficulties  of  operating  generating  stations 
in  parallel  under  certain  conditions,  and  in  my  opinion  he 
has  very  greatly  over-estimated  the  difficulties.  Whenever 
it  is  proposed  to  make  any  departure  from  standard  practice 
there  are  never  wanting  those  who  can  give  innumerable 
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rrasons  why  the  thing  proposed  is  impossible,  and  if  undue 
weight  were  given  to  their  arguments  progress  would  never 
be  made.  If  it  were  not  for  tlie  fact  tliat  stations  arc  run- 
ning in  parallel  in  almost  every  country  in  the  world 
(including  (ircat  Uritain)  wlicre  electric  distribution 
\ivc  reached  any  great  magnitude,  there  might 
jurposc  in  discussing  the  possibilities  of  operating 
m  this  manner.  Hut  knowing  that  parallel  operation  was 
an  accomplislied  fact,  I  took  the  possibility  for  granted, 
and  dealt  with  some  of  the  precautions  which  would  have 
to  be  taken  for  operating  under  the  conditions  existing  in 
this  country.  If  these  precautions  arc  taken,  I  see  no 
reason  why  entirely  satisfactory  results  should  not  be 
obtained.  It  was  pointed  out  clearly  in  the  paper  that 
where  independent  voltage  control  is  essential  at  eacli 
station,  some  form  of  voltage  regulator  would  be  required. 
Mr.  \Voodhou>c  ignores  this.  Likes  as  an  example  two 
stations  where  independent  voltage  control  is  not  possible, 
and  proceeds  to  calculate  the  excessive  wattless  currents 
which  might  flow  under  these  conditions.  Hy  the  addition 
of  a  simple  and  comparatively  inexpensive  voltage  regu- 
lator, such  as  is  described  in  the  paper,  the  conditions 
would  be  entirely  changed  and  the  waltle^s  load  could  be 
divided  between  the  stations  in  any  desired  proportion. 
Even  without  a  voltage  regulator  the  conditions  would 
never  be  as  bad  as  he  has  stated,  for  stations  never  operate 
at  an  absolute  constant  voltage,  and  a  certain  adjustment 
is  always  possible.  Low  power  factor  is  certainly  a  dis- 
advantage on  any  system,  but,  in  general,  it  is  cheaper  to 
put  extra  capacity  into  the  generator  than  to  install 
app.iratus  for  improving  the  power  factor.  The  advan- 
tage of  the  synchronous  condenser  is  that  it  can  be  so 
placed  and  regulated  as  to  keep  unity  power  factor  on  the 
transmission  line,  and  a  constant  voltage  at  the  end  of  the 
line,  but  this  advantage  obtains  whether  the  stations  are 
operated  in  parallel  or  not,  and  the  fact  that  with  inter- 
connected stations  the  wattless  current  may  be  shifted 
from  one  station  to  the  other  as  desired,  makes  the  use  of 
the  synchronous  condenser  less  necessary  than  where  the 
stations  are  operated  independently.  With  regard  to 
higher  voltages  for  the  interconnecting  line,  this  would 
probably  be  necessary  where  the  stations  are  far  apart, 
but  in  certain  districts  where  the  stations  arc  close  together 
a  6,000-volt  inlcrconnector  will  probably  be  quite  satisfac- 
tory. It  is  really  a  question  of  line  loss  as  compared  with 
the  cost  of  transformers  and  high-volLigc  cables.  Mr. 
Woodhouse  thinks  that  the  question  of  linking  up  systems 
of  difterent  frequencies  is  likely  to  become  of  decreasing 
importance.  This  m.iy  tie  so  eventually,  but  it  is  likely  to 
be  of  great  importance  in  the  near  future.  Some  of  the 
largest  stations  in  this  country  are  generating  at  25,  .13, 
and  40  periods,  and  there  appears  no  possibility  of  their 
changing  to  50  periods,  not  only  on  account  of  the  cnor- 

"" '-I  involved  in  scrapping  the  generating  plant,  but 

to  the  fact   that  much  of  the  consumers'  plant 
'  ■    •.ci.ippcd  also.      Some  of  the  stations 
:  llian  50  periods  will  find  it  very  desir- 
■!i  the  5o-peno(l  syvleins,  and  for  these' 
I'T  is  of  the  greatest  interest. 
M  i<  to  have  more  particulars  regard- 

ing !      .  .,      .  and  especially  intoim.ition  with 

regard  l«  ph;i\<   i hangers.     A»  this  subject  is  being  treated 
quite  fully  III  a  paper  which   has  been  submitted  to  the 


Institution,  I  simply  touched  on  these  matters  in  my  paper,  Mr  P«k 
and  confined  it  almost  entirely  to  the  question  of  load 
distriliution  between  stations  in  parallel.  As  to  the  ques- 
tion of  low  versus  high  frequency,  there  is  no  doubt  that  a 
low  frequency  is  preferable  from  the  transmission  point 
of  view,  but  the  turbine  builders  have  found  it  possible  to 
build  larger  and  larger  machines  to  operate  at  3.000  r.p.m., 
and  as  the  maximum  speed  for  a  ivpef'od  macliinc  is 
1,500  r.p.m.,  it  would  appear  that  the  lower  cost  and  lower 
steam  consumption  of  theso-period  generating  plant  would 
make  a  frequency  higher  than  25  very  desirable.  With  refer- 
ence to  the  operation  of  the  reversing  switch  shown  in 
Fig.  I,  the  diagram  is  not  quite  complete,  as  the  switch  is 
.arranged  in  practice  so  that  it  can  be  reversed  only  while 
the  secondary  of  the  series  transformer  is  short-circuited. 

I  agree  with  Mr.  Taylor  in  thinking  that  if  we  arc  to 
link  up  very  large  stations  by  means  of  short  feeders 
containing  little  resistance  or  reactance,  it  will  be  advisable 
to  install  reactance  coils  in  the  interconnecting  line,  not- 
only  to  safeguard  the  switching  apparatus  but  to  limit  the 
extent  of  disturbances  in  the  event  of  short-circuits. 
Mr.  Taylor  has  given  some  interesting  information  regard- 
ing his  static  frequency  changer,  but  I  am  doubtful  if  this 
type  of  apparatus  can  ever  replace  rotating  machines  when 
transformation  on  a  large  scale  is  required.  It  is  often 
found  that  apparatus  whicli  is  quite  satisfactory  on  a  small 
scale  presents  unexpected  difficulties  when  it  is  attempted 
to  reproduce  it  on  a  large  one. 

Sir  Charles  Parsons  asks  for  information  with  regard 
to  what  is  being  done  in  America.  The  parallel  operation 
of  power  stations  is  so  common  in  Ameiica  that  it  may  be 
said  to  be  almost  standard  practice.  There  are  several 
strong  financial  corporations  which  will  buy  up  all  the 
electric   supply   companies   in  a   certain   area,  bring   the  * 

various  stations  up  to  date,  operate  them  in  p.irallel,  and 
so  effect  great  savings  in  the  costs  of  operation  and 
improvements  in  the  quality  of  the  service  given. 

Mr.  Br.azil  gave  some  interesting  information  regarding 
his  substation  plant,  and  he  pointed  out  what  I  omitted 
to  state  in  my  paper,  that  with  the  induction  synchronous 
frequency  changer  it  is  impossible  to  regenerate  if  the 
synchronous  plant  connected  to  the  induction  m.ichinc  is 
not  operating.  My  suggestion  of  running  an  earth  cable 
between  two  stations  was  made  merely  as  a  possibility,  as 
obviously  it  would  be  too  costly  to  consider  unless  the 
stitions  were  very  close  together. 

Mr.  Trotter  pointed  out  that  an  earth  current  as  small  as 
one  micro-ampere  would  be  suflicient  to  affect  telephone 
circuits.  This  disposes  of  my  suggestion  of  e.irthing 
through  choke  coils  and  resistances. 

Mr.  Williams  very  rightly  emphasizes  the  necessity  for 
viewing  the  whole  problem  of  linking  up  in  a  broad  way, 
and,  in  order  to  secure  in  any  district  that  all  stations 
should  have  the  same  standard  frequency,  he  suggests 
attacking  the  problem  Iwldly  and  changing  over  those 
stations  which  do  not  conform  to  the  standards  of  the  dis- 
frii't.  Where  these  stations  arc  of  small  size,  there  seems 
no  doulit  that  this  is  the  pioper  course  to  follow,  but 
where  the  stations  of  ofid  frequency  arc  of  l.nge  si/c,  say 
from  10,000  to  20.000  kw.,  the  cost  of  changing  over  at 
once  would  be  very  great,  and  I  think  the  )Hissibility  of 
changing  over  gradually  should  be  given  very  careful  con- 
sideration.    A   gradual   change-over  would   nn  an   ili.il   all 
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Peck,  new  apparatus  purchased,  all  new  feeder  circuits,  etc., 
would  have  the  standard  frequency,  phase,  and  voltage  of 
the  district,  and  gradually  the  non-standard  apparatus 
would  be  replaced  by  standard  apparatus.  For  a  time, 
frequency  changers  would  be  required,  and  for  this  pur- 
pose the  old  generating  apparatus  should  be  used  as  far  as 
possible,  e.g.  if  it  is  desired  to  change  a  plant  from  40  to 
50  periods,  any  new  generating  plant  would  be  for 
50  periods,  and  each  new  set  could  be  coupled  through 
gears  to  one  of  the  original  40-period  generators.  This 
would  give  a  generating  set  which  could  be  used  to 
generate  at  either  40  or  50  periods,  or  both  at  the  same 
time,  or  it  could  be  used  as  a  frequency  changer  with  the 
turbine  running  idle  for  converting  from  40  to  50  periods, 
or  vice  versa.  Some  confusion  might  occur  from  time  to 
time  in  operating  two  systems  of  different  frequency  from 
the  same  station,  but  there  seems  no  insurmountable  diffi- 
culty in  accomplishing  this. 

Mr.  Highfield  seems  to  anticipate  great  diliiculties  in 
the  use  of  synchronous  frequency  changers.  Since  writing 
the  paper,  I  have  received  a  report  from  the  Engineering 
Department  of  the  American  W'estinghouse  Company 
giving  some  verj'  interesting  information  on  this  subject. 
They  say  : 

"  The  capacities  of  the  25-  and  6o-cycle  systems  of  the 
Lehigh  Coal  and  Navigation  Company  are  in  the  neigh- 
bourhood of  20,000  k.v.a.,  60  cycles,  and  40000  k.v.a. 
25  cycles.  A  single  frequency-changer  set  of  8,000  k.v.a. 
is  installed  in  the  25-cycle  station  at  Hauto,  Pa.,  and  the 
6o-cycle  station  is  located  a  dozen  miles  away. 

"  Probably  the  most  e.xtreme  case  of  using  a  relatively 
small  frequenc3--changer  set  to  connect  two  systems  to- 
gether is  that  of  the  Commonwealth  Edison  Company  at 
Chicago.  This  company  has  installed  several  5,000-k.v.a. 
sets,  only  one  of  which  ma}'  be  m  operation  during  certain 
times.  In  this  case,  the  25-cycle  system  has  a  capacity 
of  several  thousand  k.v.a  ,  and  the  6o-cycle  system  has  a 
capacity  of  at  least  100,000  k.v.a.  They  have  had  some 
trouble  on  account  of  the  frequency-changer  set  falling 
out  of  step,  but  not  enough  to  make  it  a  serious  matter. 


"  We  have  come  to  the  conclusion  that  the  relative  size  ^'  P"^'^- 
of  the  frequency-changer  set  and  the  smaller  of  the  two 
systems  is  of  importance  only  when  speed  fluctuations  in 
one  of  the  two  systems  becomes  excessive  in  range  or 
rapidity.  Xo  hard-and-fast  rule  can  be  laid  down  that  the 
frequency  sets  should  be  of  a  certain  size  in  relation  to  the 
size  of  the  smaller  sjsteni.  Some  years  ago  we  estab- 
lished a  rule  that  the  frequency-changer  sets  should  be 
able  to  carry  a  lo.id  equal  to  the  total  load  on  the  smaller 
system  without  dropping  out  of  step.  Since  our  syn- 
chronous motors  in  general  would  carry  100  per  cent 
overload  without  falling  out  of  step,  this  meant  that  the 
rated  capacity  of  the  set  should  be  at  least  one-half  of  the 
total  Joad  on  the  smaller  sj-stem.  We  believe  now  that 
this  rule  was  unnecessarily  safe,  and  we  do  not  hesitate  to 
quote  on  much  smaller  sets  (in  relation  to  the  size  of  the 
systems  connected)  where  we  know  that  the  frequency 
control  on  the  two  sj-stems  is  good." 

Mr.  Collis  expresses  great  doubt  as  to  whether  a  regulator 
of  the  type  shown  in  Fig.  i  can  operate  successfully. 
Regulators  of  this  type  have  been  in  successful  operation 
for  approximately  20  years,  and  it  is  the  type  in  general 
use  to-day  where  heavi,-  currents  or  high  voltages  have  to 
be  dealt  with.  His  criticisms  show  that  he  is  unfamiliar 
with  the  theory  of  shunt  and  series  transformers.  I  am 
unable  to  appreciate  his  reasons  for  thinking  that  a  short- 
circuit  on  a  system  provided  with  one  of  these  regulators 
would  cause  it  to  burn  out,  since  it  can  be  made  quite 
as  robust  as  any  other  apparatus  in  the  station.  Fig.  4 
shows  a  regulator  of  precisely  the  same  type  which  is  in 
regular  operation  in  the  interconnector  between  two  large 
stations  in  London.  The  paper  does  not  deal  with  pro- 
tective relays  for  generators,  as  protective  relays  do  not 
concern  parallel  running  per  se,  and  this  subject  would 
require  a  paper  in  itself.  I  had  thought  it  would  be 
apparent  to  everyone  that  Figs.  4,  5,  6,  and  7  were  purely 
diagrammatic,  but  I  will  now  state  that  they  are  line 
diagrams  reduced  to  the  simplest  possible  form,  and 
no  attempt  has  been  made  to  .  show  provisions  for 
sectionalizing. 


Manchester   Local   Sectiox,   28   November,    1916. 


Mr.  W.  B.  WooDHOL'SE  opened  the  discussion.  The 
■  substance  of  his  remarks  will  lie  found  on  page  70,  in  the 
discussion  before  the  Institution, 
srtson.  ^^■"-  J-  •■^-  Robertson  :  As  most  of  you  already  know, 
a  Committee  composed  of  12  engineers  has  been  consider- 
ing for  some  monihs  past  the  problem  of  linking  up  supply 
systems  in  Lancashire  and  Cheshire,  and  have  come  to  the 
conclusion  that  a  scheme  is  commercially  feasible  and  that 
there  are  no  serious  technical  difficulties  to  be  overcome. 
In  the  scheme  it  is  proposed  to  make  use  of  the  spare 
capacity  of  cables  already  laid.  The  stations  to  be  linked 
up  in  this  district  range  in  capacity  from  200  kw.  to 
8o,oco  kw.,  the  larger  number  being  stations  of  medium 
capacity  with  maximum  loads  between  3,000  and  10,000  kw. 
With  one  exception  the  alternating-current  stations  are  of 
the  same  frequency'.  I  think  Mr.  Woodhouse  has  exagger- 
ated the  difficulty  of  operating  in  parallel,  and  the  case  he 
selects  for  illustration  is  one  which  could  hardly  occur  in 
practice.     During  the  last  two  years  I  have  been  respon- 


sible for  the  operation  of  a  station  at  Salford  working  daily  Mr-    , 

„,  .      ^  ^  .     Robertson. 

in  parallel  with  the  Lancashire  Electric  Power  Company  s 
station  at  Radcliffe.  Under  normal  conditions  Salford 
takes  a  supply  up  to  3,000  kw.  from  Radcliffe,  but  we 
have  also  delivered  energy  up  to  2,500  kw.  back  to  Rad- 
cliffe. .At  Salford  two  5,000-kw.  turlio-alternators  with 
governors  of  the  throttle  type  are  working  in  parallel  with 
three  turbo-alternators  at  Radcliffe,  fitted  with  nozzle-type 
governors.  The  Salford  alternators  are  of  the  compensated- 
field  type  ;  at  Radcliffe  the  alternators  are  uncompensated. 
The  normal  power  factor  on  the  Salford  station  is  about 
g8  per  cent.  The  Radcliffe  power  factor  is  about  78  per 
cent.  The  conditions  are  therefore  about  as  bad  as  they 
could  be  for  parallel  running,  but  we  have  been  able 
nevertheless  to  run  for  two  years  with  satisfactory  results. 
The  stations  are  situated  6j  miles  apart  with  5  miles  of 
overhead  line  and  ij  miles  of  underground  cable.  If  two 
stations  are  connected  in  parallel  at  the  same  voltage,  and 
the  governor  at  the  receiving  station  adjusted  to  take  the 
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load,  then  a  Urge  amoant  of  wattless  current  will  of  course 
flow  to  the  sending  station.  When  the  two  stations 
referred  to  arc  paralleled  in  this  way,  then-  is  a  leading 
power  factor  on  the  line  of  ^i  per  cent,  and  the  line  losses 
anv  •  •  -^arlv  i<>  per  cent.  This  is  obviously  an  un- 
dc-  o   of  afTairs.      The  remedy  is  to  adjust  the 

(i  sending  stations  until  unity 
,  the  line.     In  the  case  referred 
U>.  -  .il  the  sending  station  and  1 1  per 

cer.  -  at  the  receiving  station  will  raise 

the  line  power  factor  from  62  per  cent  to  97  per  cent, 
and  the  line  losses  are  then  practically  the  pressure  drop 
due  to  the  ohniic  resistance  of  the  line.  If  it  is  desired 
to  send  encrgj-  from  Salford  to  Radcliffe,  the  conditirfhs  as 
regards  increase  and  decrease  of  voltage  have  lo  be  re- 
versed. To  summarize  the  conditions,  we  can  deliver 
3,000  kw.  cither  way  with  a  total  variation  in  voltage  of 
about  7J  per  cent.  In  cases  where  a  large  lighting 
load  is  supplied  from  the  alternating-current  system, 
this  variation  might  be  considered  too  high,  and  in  those 
cases  it  will  be  necessary  to  make  provision  for  -varA-ing 
the  voltage  either  by  a  line  booster  regulator  or  hy  trans- 
former tappings.  It  has  been  suggested  that  surging 
mav  lake  place  between  two  interconnected  stations. 
Du:  of  parallel  opteration  we  have  had  only 

tw  -ing-      ^^'c  have  not  been   able   to   find 

thi  :   it  nwy  h.ive  been  due  either  to  a  governor 

tro:,  ic  end   or  to   the  u>e  of   voltage   regulators 

on  the  exciter  fields.  In  running  two  generators  in 
parallel,  with  a  voltage  regulator  on  each  exciter,  it  some- 
times happens  that  surging  takes  place,  and  the  same  thing 
will  occur  when  running  stations  in  parallel,  although  in  a 
lesser  degree  owing  to  the  resistince  of  the  line.  I  think 
tijat  wl..  I-  connected  together,  double- 

wound  :  .  always  be  used.     This  .illows 

eat  lo   bt    Connected    independently   to   earth 

wil  nntic     devices     of     any   kind.      .Auto-trans- 

formers arc  ible  from    another   point   of   view, 

because  if   c.  _  ;_ni  is  operating  at    a  higher  voltage 

tiuin  another,  it  is  possible  in  the  event  of  a  fault 
occurring  on  one  phase  of  the  higher  voltage  system, 
lo  set  up  a  pressure  to  earth  on  the  lower  voltage  systems 
in  <  :;ii'  voltage.     Interconnecting 

cal  ;    L  .IS  commercially  feasible. 

an'i  applies  .iic  to  be  exchanged,  duplicate 

lifi'  le.      If   consumiTS   have    to    be  supplied 

on  ■  I'ctwcen  the  two  stations  they  should  be  con- 

nc' •  :ic  line,  leaving  the  other  clear.     At  the  same 

time  there  is  no  essential  objection   to   consumers   being 


corv 
pr. 
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for  electrical  engineers  in  general  on  account  of  the  many  Mr.  Vicl 
technical  problems  involved.  I  propose  to  confine  my 
rem.-«rks  to  one  or  two  points.  In  the  first  place,  I  should 
like  to  ask  the  author  about  the  connection  of  the  boosting 
transformer  shown  in  Fig.  1.  It  seems  to  mc  that  it  would 
be  better  to  put  a  transformer  in  each  phase,  for  the  con- 
nection as  shown  would  lead  to  unbalanced  load  on  the 
phases  and  tend  to  make  the  running  of  the  machines 
unstable.  The  author  has  indicated  a  method  of  calcu- 
lating the  distribution  of  load  on  two  stations  connected 
by  an  induction  motor-generator  set.  I  have  also  derived 
formul.-c  for  achieving  the  same  object,  and  I  think  they 
are  of  sufticicnt  interest  to  present  in  the  discussion. 

Let  the  two  machines  be  referred  to  as  A  and  C,  and  the 
motor-generator  as  B. 

Let  .\  =  normal  output  of  machine  A, 

B  ^  normal  output  of  motor-generator, 

C  =  normal  output  of  machine  C. 

/•,  =  percentage  speed  reguLation  of  A, 

/>,  ^  |K-rccntage  regulation  of  motor-generator  set, 

p,  ^  percentage  regulation  of  C. 

We  will  consider  two  cases,  viz.  (j)  load  on  one  side 
only,  (h)  load  on  two  sides. 

Case  (ii)  :  Let  there  be  a  load  X  on  the  network  supplied 
by  C,  and  let  ^  X  =  load  taken  by  generator  C.  Then 
X  (1  — /)^load  taken  by  the  motor-generator  set. 

The  percentage  drop  in  speed  of  C  =  r  X  PJC.  The 
load  on  generator  A  ^X  (i  — l)lii,  where  ij  :=  cfticiency  of 
the  motor-generator. 

Therefore  tlie  percentage  drop  in  speed  of  generator  A 

The  percentage  regulation  or  slip  of  the  iiiduclioii  motor 


'r^  a  linking-up  cable  if  the  load  is  not  large  in 

the  load  Inring  exchanged.     If  a  number  of 

:   it   will  be   necessary  to  have 

!i»tril->iitc    the    Io.tiI,  .-jikI  there 

^  i-en  all  the 

:         t  liiiking-up 

>g  in  this  district  are  so  great 

.iny   real  technical  difliculties   it 

lo  face  and  overcome  them.     The 

■•'   'i.iving  a  rescrvt-  '•■  ni.il  (n 

I  the  station  <  'omc- 


■    C 


,A 


i) 


-f.  .^  \  =  X 


.  VkWn 


Will  J|  )eul  iiuj^,  tu  vl.rftKa  eitgiiicci:<.  it  ik  full  ul    ilitcicst 


and  the  output  of  the  motor-generator 

_ji^,      \{i-t)P,\U 
~  (     C  ,A        ip. 

„,       ,              J-X^B      BX^(I- 
Therefore  ,.'' ^-» 

from  which  <  =  n— — .'      , .  . .    /t-  u  r- 

B />, IJ  A -J- C^.  ij  A -f- C  B />, 

_,,..,        ,      „  X(C/..,A-I-CB/*,) 

The  load  taken  bv  C  =  a  !.  <-  *      i  ^  1  ■  m  »  • 

B ^, i|  A  -f-  C  /•,  i»  A  -f-  C  tip, 

Ciiit  {h}  :  Load  on  both  sides.  Let  a  load  .\  Ik-  thrown 
on  the  C  side  and  a  load  Y  on  the  A  side.  Let  i,  X  be  the 
fraction  of  the  load  taken  by  the  generator  C.  Then 
(l  —  /,)  X  =  load  taken  by  the  motor -generator.  The  load 
on   generator   A  =  Y -(- X(i  — /,»/>».   and    the   percentage 

drop  in  speed  of  A  =  [y  -»-  '^  <'  ~  ''*]  J"^'. 

The  load  on  C  =  r,  X  :  therefore  the  pcitcnt.igc  drop  in 
speed  of  C  =  p,  ! ,  X/C;. 
The  .tcliial  pcicentagc  slip  of  the  induction  motor 

(f,\\^        f^.  .   X(l-/.)l^ 
n        I  A 


.(';>.-.;v. 
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ickers.  X  (l  — S,) p^       S^Xp^ 

Also  g  =~c~ 


>l      I  A 


From  this  equation 


^IB  +,A[  +    A 
'^  IB  +,,A  +  C 


S.= 


The  load  taken  by  generator  C  =:  ^,  X 


JB  +  „  A 


)+¥■ 


B  +  ,,  A  + 


C 


By  putting  Y  =  o  in  this  equation,  d,  reduces  to 

Cp,r,A  +  CBp. 
Bp,,,A  +  Cp,7,A  +  CBp,' 

i.e.  the  expression  for  the  fraction  of  the  load  taken  by  the 
motor-generator  with  load  on  one  side  only.  The  expres- 
sions seem  long  in  comparison  with  the  simple  expressions 
given  by  the  author,  but  they  enable  calculations  to  be 
made  directly. 

Professor  A.  B.  Field  :  This  paper  brings  home  to  us 
once  again  the  penalty  demanded  for  our  haphazard  lines 
of  electrical  development.  We  have  not  only  great  varieties 
of  voltage,  frequency  and  types  of  plant  to  provide  for,  but 
also  must  contend  with  existing  two-phase  systems  which 
will  need  to  be  linked  up  with  three-phase  ones  until  the 
former  systems  shall  have  become  abolished.  In  the 
matter  of  meeting  the  exact  frequency  ratios  we  may 
sometimes  have  a  little  trouble  ;  for  instance,  when  60 
and  25  cycles  are  involved,  the  maximum  speed  of  a  set 
comprising  two  synchronous  machines  directly  coupled 
together  is  300  r.p.m.  When  the  linking  together  of  a 
two-phase  and  a  three-phase  system  is  in  question,  diffi- 
culties due  to  slight  phase  distortions  easily  arise  unless 
greater  care  is  taken  than  has  been  used  in  some  cases  in 
the  past.  A  rather  exaggerated  case  of  such  trouble  comes 
to  my  mind  ;  it  occurred  on  a  power  system  in  the  United 
States,  in  which  two  two-phase  2,200-volt  plants  had  to 
be  linked  together.  The  distance  separating  the  plants 
necessitated  a  transmission  voltage  in  the  neighbourhood 
of  25,000,  and  for  the  sake  of  the  advantages  of  trans- 
mission, three-phase  was  used  on  the  line  :  there  was  thus 
involved  a  two-phase  to  three-phase  transformation  at  each 
end  of  the  line,  and  the  Scott  connection  was  used  for  the 
purpose.  In  operation,  it  was  found  that  at  the  receiving 
end  the  two-phase  synchronous  motors  accepted  the  bulk 
of  their  power  on  one  phase,  leaving  the  other  phase  lightly 
loaded,  and  the  unbalancing  was  enough  to  cause  serious 
heating  of  the  windings  in  the  overloaded  phase.  Rotating 
the  connections  at  the  motor  gave  no  improvement ;  even 
slightly  raising  the  voltage  (by  taps  on  the  transformer)  on 
the  unloaded  phase  failed  to  equalize  the  distribution  of 
load.  It  had  been  supposed  that  conditions  would  be  best 
if  symmetry  were  maintained  as  much  as  possible,  and  to 
this  end  care  had  been  taken  to  see  that  that  transmission 
line  which  was  connected  to  the  teazer  transformer  at  one 
end  w'as  also  connected  to  the  teazer  transformer  at  the 
other  end.  As  a  matter  of  fact,  it  is  best  to  avoid  this 
arrangement ;  and  further,  for  one  direction  of  transmis- 


sion, the  improvement  by  shifting  round  the  three  con-  Professor 
nections  between  line  and  transformer  at  the  receiving  ''"'''■ 
end  in  one  direction  is  greater  than  if  the  connections  are 
shifted  round  in  the  other  direction,  as  shown  in  Figs.  B, 
C,  and  D.  It  is  easy  to  see  how  the  leakage  reactance  of 
the  transformers  introduces  a  phase  distortion  in  the  case 
of  the  Scott  transformer  connection,  and  how  the  effect 
may  be  serious  unless  suitable  precautions  are  taken  in 
the  design  of  the  transformers.  The  diagrams  and  ex- 
planation below  have  been  added  to  elucidate  this  point 
better;  the  two-phase  side  is  referred  to  as  the  secondary, 
and  the  three-phase  as  the  primary,  each  end  of  the  line,  in 
the  following : — 

Consider  the  three-pliase  side  of,  say,  the  step-up  pair  of 
transformers  ;  for  simplicity  assume  the  two-phase  supply 
voltage  to  be  undistorted,  and  the  three-phase  current  to 
be  symmetrical.  The  main  and  teazer  transformers  will 
generally  be  of  similar  design,  except  possibly  for  taps  and 
connections.  In  the  teazer  primary  we  have  the  current 
all  of  one  phase.  In  the  main  transformer,  on  the  other 
hand,  we  have  the  current  in  the  two  halves  of  the  primary 
differing  in  phase  ;  in  fact,  these  currents  are  displaced 
from  the  secondary  current  by  iSo°  +  3o°  respectively,  as 
indicated  in  Fig.  B  ;  in  this  figure  the  full  lines  show  the 
primary  and  the  dotted  the  secondary  currents.  Each 
primary  current  may  be  considered  as  made  up  of  a 
component  in  phase  with  the  secondary,  B  E  and  E  A,  plus 
a  component  at  right  angles  to  the  secondary,  E  O  and  O  E. 
Were  the  two  halves  of  the  primary  so  well  interwoven 
that  the  two  components  O  E  mutually  counteracted  one 
another  magnetically,  without  leakage,  then  the  reactance 
voltage  for  each  half  of  the  main  transformer  would 
correspond  only  to  the  components  of  current  in  phase 
with  the  secondary  current.  Actually  this  will  not  be  so, 
and  there  will  be,  in  addition  to  the  chief  reactive  voltage, 
a  further  one  for  each  half  of  the  primary,  corresponding 
to  the  component  O  E.  This  voltage  will  be  in  phase 
with  the  secondary  current,  and  it  is  this  supplementary 
effect  which  introduces  the  phase  distortion.  The  actual 
figures  denoting  the  relative  primary  conditions  for  the 
teazer  and  each  half  of  the  main  transformer  will  be 
approximately  as  follows  : — 


Current,  total        '  I 

Ditto  in  phase  with  secon-  I 

darj'  current 
Ditto   at   right   angles    to  Zero 

secondary  current  i 

Primary  turns  involved  in  o'866  T 

reactance  voltage  | 

Ampere  turns  involved  in  |       0-866  T  I 

the  chief  component  of 

reactance  voltage 
Ditto,    in    component    of  Zero 

reactance  voltage  which 

is  in  phase  with  secon- 
dary current 
Reactance    voltage,   chief  ,     075  T=  I 

component  j 

Ditto,  component  in  phase  1  Zero 

with  secondary  current  : 


I 

0-866  I 

0-51 

0-5T 

0-866  T  I 

0-25  T  I 
o-433T=l!'. 

OM25T=Il'^ 
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Here  r.  and  r,  are  design  constants.    Their  ratio  would 
;;ic  methods   of   coil   intcrspcrsion.     If  the 
iT  had  its  two  primaries  completely  inter- 
woven. L  would  be  ncgli.niWy  small,  and  the  net 
primary  ri                 .■■llaj'c  would  be  at  right  anjiles  to  the 
phase  of  the  secondary  current  in  each  of  the  three  cases  ; 


the  value  of  the  reactance  voltage  for  the  teazer  would  be 
173  times  that  of  each  of  the  other  two.  and  this  distri- 
bution would  leave  the  three-phase  voltage  symmetrical 
on  balanced  laids  of  all  power  factors  and  with  cither 
direction  of  phase  rotation.  If  the  two  primary  circuits 
of  the  main  transformer  were  obtained  by  merely 
tapping  the  mid-point  of  an  ordinary  single-phase 
winding,  then  r,  would  be  much  greater  than  :',,  and 
the  resultant  reactive  voltages  would  be  turned  round 
more  than  30°  from  their  previous  phase,  that  is  beyond 
the  pf)int  at  which  they  would  be  at  right  angles  to  the 
primary  currents  (see  Fig.  C).  The  effect  here  described 
can  be  mitigated  by  interspersing  the  primary  coils  of  one 
half  of  the  main  transformer  with  those  of  the  other  half, as 
well  as  with  the  secondary  coils,  or  by  using  two  secon- 
daries in  parallel  (e.g.  see  the  author's  Fig.  3),  or  by  a 
closed  compensating  winding,  in  an  evident  manner.    Figs. 


Volts  corrcspondmr 
,^  Co  core  flu»  in 
sCep-down  Dransformci 


Line  volts 


C  and 

■'■■'"R 


Volts  correJfwndmg' 
~~-  Co  core  flux  in 
step -up  tnwiaformer 


Flo.  C. 

D  indicate  in  a  general  way  the  distortion  of  phases 

in  the  case  discussed  (taking  r,  ^  3  i',)  ;  for  the  sake 

-'"ity,  line-drop  and   I  R   drops  arc  omitted,   the 

(-■  currents  arc  shown  as  though  balanced  and 

.:icl  the  two-phase  supply  voltage  .is  though 

true    phase    anglcs^      Fiji,   c   shows   the 

.iflcr    finally  lown    to  two- 

which  om-  tr.i  1  wire  connects 

'iicr.     Kig.  D  shows  I  he 

„  ■        'UTCc  linc-to-transformcr 

llic  step-down  primary,  one  point  in  the 

•  ■  - itT  to  that  of  plusc  rotation  (mic  the  points 


marked  .i) :  also  the  slight  further  improvement--  effected  Pr.>(««- 
by  rotating  these   connections  one   point  in   the   reverse 
direction  inste.id   (see  the   points   marked    O).     In   these 
diagrams  the  dotted    straight  lines   indicate  current-  and 


Co  core  fW  in 


_Line  volta 


Voles  corrsapond'^ 
- — -'  Co  core  flux  in 
•fep-up  prwnarjj 


Fig.  D. 

the  full  ones  voltage.  The  three-phase  voltages  arc 
represented  by  vectors  drawn  from  the  centres  of  the 
diagrams  to  the  points  m.arked  variously  by  circles,  spots, 
triangles,  etc. ;  these  lines  are  omitted  to  avoid  compli- 
cating the  diagrams.  Otherwise  the  figures  are  sufliciently 
self-explanatory. 

Mr.  Cj.  a.  Jl'HLix  :  This  paper  is  welcome  because  there  Ur  juhiin 
appears  to  be  need  for  a  clear  exposition  of  the  parallel 
operation  of  power  stations  in  parallel,  especially  in  connec-  | 

tion  with  the  wattless  load.     It  seems  clear  that  the  amount  ' 

of  wattless  current  required  is  determined  by  the  load  con- 
ditions of  the  systems,  provided  that  the  voltages  at  each 
end  of  the  interconnector  are  adjusted  to  take  care  of  the 
drop  in  the  interconnector.  The  problem  is  very  similar 
to  that  of  two  alternators  running  in  parallel,  one  of  which 
is  provided  with  an  automatic  regulator.  In  such  a  case  it 
is  of  course  necessary  to  adjust  the  voltage  on  the  other 
machine  by  hand,  in  order  to  prevent  the  first  machine 
taking  more  than  its  share  of  the  wattless  lo.id.  The  fact 
that  the  load  of  individual  alternators  running  in  parallel  is 
adjusted  by  a  change  in  speed,  and  not  by  field  adjust- 
ment, would  seem  to  require  to  be  emphasized.  In  this  I 
connection  I  have  in  mind  a  case  which  came  under  my 
notice  some  years  ago  in  an  industrial  station.  The  equip- 
ment consisted  of  some  reciproc.iting  sets,  which  could  not 
be  lo-ided  to  the  capacity  of  the  engines  owing  to  the  low 
power  faclor  of  the  system.  Subsequently  a  lurbo-altei  iiator 
was  added,  and  iC  was  then  discovered  that  by  increasing 
the  excitation  of  this  machine  it  was  possible  to  increase 
the  load  on  the  reciprocating  sets  ;  and  the  result  was 
that  the  load  on  the  turl>o-alternator  was  adjusted  to  the 
full-lo.ul  amperes,  regardless  of  the  power  factor  and  the 
temperature  of  the  rotor.  In  connection  with  the  arrange- 
ment shown  in  Fig.  5,  some  difticulties  would  arise  if  it 
should  be  desired  to  regulate  the  alternating  volt.igc  by 
means  of  reactance  control,  with  one  alteinatliig-currcnt 
station  shut  down.     In  such   a  case  the  frequency  would 

*  TItIa  liul<l>  f-ir  the  caw  iihown,  nanicl)  a  tii|iK"'i;  current ;  Uic 
reverie  (nr  a  leading  lurrent. 
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vary  if  the  regulation  were  done  on  the  inverted  rotary 
converter,  or  the  continuous  voltage  would  change  with 
the  alternating  voltage  if  the  direct-running  converter 
should  be  used  for  the  regulation. 

Dr.  W.  Cramp  :  This  paper  ought  to  be  discussed  by 
those  engineers  who  are  in  charge  of  large  schemes  and 
who  are  interested  in  linking  up,  rather  than  by  those 
dealing  witli  smaller  systems.  But  even  for  the  latter  it 
raises  some  very  interesting  questions.  The  author  sug- 
gests tliat  at  the  present  time  there  is  no  trouble  with 
parallel  operation.  That  is  overstating  the  fact.  With 
turbine  generating  sets  there  is  very  little  trouble,  but  in 
Lancashire  schemes  it  will  probably  be  necessary  to 
parallel  gas-engine  sets  with  turbine  and  steam  sets.  Does 
the  author  think  that  this  will  cause  no  difficulty  ?  Again, 
where  more  than  two  power  stations  are  operating  in 
parallel  it  is  difficult  to  see  how  the  division  of  load  is  to 
be  accomplished  with  induction  synchronous  machines 
unless  there  is  more  than  one  linking  machine  between 
each  pair  of  stations,  or  duplicate  connections  are  arranged. 
As  an  instance,  suppose  three  stations.  A,  B,  and  C,  of 
which  A  is  the  largest,  and  B  is  larger  than  C.  Suppose 
also  that  B  is  lo  miles  from  A  and  that  C  is  15  miles  from 
B  and  25  miles  from  A.  Then  if  an  induction  synchronous 
set  is  installed  between  A  and  B  it  will  naturally  have  its 
motor  fed  from  A,  and  similarly  the  set  between  B  and  C 
will  have  its  motor  fed  from  B.  If  each  linking  set  has  a 
slip  of  4  per  cent  at  full  load,  the  frequency  of  the  systems 
A,  B,  and  C  may  under  the  worst  conditions  be  50,  48,  and 
46  respectively.  In  many  cases  (as  for  instance  the  cotton 
industry)  the  difference  between  50  and  48  would  be 
serious,  but  in  nearly  every  case  the  change  from  50  to  46 
would  be  prohibitive.  Thus  the  use  of  induction  syn- 
chronous machines  is  strictly  limited.  Again  in  even  the 
simplest  case  what  is  the  position  as  regards  reversibility  ? 
If  A  is  connected  to  the  induction  motor  of  the  linking  set 
it  can  obviously  divert  power  to  B  ;  but  should  A  break 
down,  B  is  powerless  to  help.  This,  however,  might  be 
provided  for  by  arranging  the  connections  between  A,  B, 
and  the  linking  set  so  that  either  station  might  feed  the 
motor  and  be  fed  by  the  generator.  This  does  not  appear 
to  be  an  expensive  addition,  and  I  should  like  to  ask  the 
author  if  it  has  been  tried  or  even  proposed.  In  Appen- 
dix I,  Fig.  8  will  call  for  explanations  from  many  readers. 
There  are  two  apparent  difficulties.  The  first  is  that 
though  under  the  circumstances  which  the  diagram  repre- 
sents, one  machine  must  be  receiving  power  from  the 
other,  yet  in  the  expression  for  the  total  synchronizing 
power,  the  power  given  by  one  machine  is  added  to  that 
received  by  the  other.  Or,  in  other  words,  the  angle  0/2 
while  reckoned  in  opposite  senses  in  the  two  cases  is  yet 
given  the  same  sign.  The  physical  explanation  is  that  the 
synchronizing  power  must  be  defined  as  the  rate  of 
expenditure  of  that  energy  which  tends  to  bring  the 
machines  into  synchronism.  Work  done  in  accelerating 
the  slower  machine  is  just  as  effective  in  synchronizing  as 
that  done  in  retarding  the  faster  machine  ;  so  that  though 
the  work  done  is,  as  regards  the  individual  machines,  of 
opposite  sign  ;  yet  as  regards  synchronizing  it  is  of  the 
same  sign.  The  other  difficulty  in  Fig.  8  is  that  though 
the  whole  power  given  out  by  one  machine  must  be 
received  by  the  other,  yet  they  are  apparently  of  very 
different  magnitudes,  one  being  proportional  to  cos  (a/2 — /3) 


and  the  other  to  cos  (a/2 -f /3).  The  physical  explanation  Dr.  Cramp, 
again  is  that,  neglecting  the  power  lost  in  the  leads  con- 
necting one  machine  to  the  other,  there  is  still  a  part  of 
the  energy  in  the  system  which  in  one  of  the  two  machines 
does  not  help  towards  synchronizing.  In  the  faster 
machine — the  generator — the  armature  resistance  loss 
tends  toward  retardation  ;  but  in  the  slower  machine  this 
loss  does  not  tend  toward  acceleration.  This  is  not 
brought  out  in  the  diagram  because  for  simplicity's  sake 
the  author  has  left  it  somewhat  incomplete.  To  show  the 
whole  completely,  either  O  A  or  O  B  should  be  drawn  in  . 
the  opposite  sense  and  the  potential  difference  at  the  ter- 
minals of  either  machine  inserted,  together  with  the  impe- 
dance drop  of  each  machine.  Then  the  derivation  of  Fig.  8 
is  immediately  apparent.  When  at  the  beginning  of  the 
paper  the  author  refers  to  Appendix  i  as  "treating  the 
subject  in  a  general  way  "  I  think  he  is  a  little  optimistic. 
For  his  solution  does  not  consider  the  effect  of  load  upon 
the  machines,  nor  take  into  account  tlie  different  effect  of 
the  iron  losses  in  the  generating  and  motoring  machines 
respectively.  I  proposed  here  to  give  a  general  diagram 
covering  all  these  points,  but  I  see  that  C.  P.  Steinmetz  * 
has  already  treated  the  subject  so  thoroughly  that  there  is 
no  object  in  saying  more. 

W'ith  regard  to  Appendix  2,  a  curious  difficulty  arises  if 
in  the  case  suggested  by  the  author  we  consider  the 
conditions  when  C  is  fully  loaded.  L  should  then  be 
6,000  ;  but  if  this  be  substituted  in  the  author's  equations, 
it  will  be  found  that  C  comes  out  as  1,080  instead  of 
1,000  kw.  The  reason  is  that  Equation  (2)  is  really  only 
approximately  correct.  If  S„  is  the  frequency  of  A  when 
supplying  the  required  load,  and  S  the  frequency  of  A  and 
B  at  no  load,  then  Equation  (2)  would  be  more  nearly 
correct  if  written 

C  (/.*-/>„)  =  a/.,.  S„/S. 

In  other  words  Equation  (2)  neglects  the  fact  that  the 
induction  motor  of  C  when  supplied  at  frequency  S„  will 
have  a  lower  speed  at  full  load  than  when  supplied  at 
frequency  S.  This  correction  spoils  the  simplicity  of 
the  autlior's  equations,  which  are  near  enough  for  nearly 
every  case  in  practice,  and  far  more  useful  to  the 
engineer  than  the  more  correct  form.  Since,  however, 
the  discrepancy  may  puzzle  others  I  thought  that  the 
explanation  would  be  welcome. 

Mr.  J.  Frith  :  I  should  like  to  ask  the  author  whether  it  is'Mr.  i-Mh 
a  suitable  way  of  describing  Fig.  Sin  Appendix  i  to  say  that, 
as  far  as  the  alternating  frequency  goes,  the  vectors 
represent  root-mean-square  values,  but  as  far  as  the  phase 
swing  is  concerned  the  figure  represents  an  instantaneous 
position  of  affairs. 

Mr.  A.  G.  Ellis  ;  The  paper  emphasizes  the  important  Mr.  i;iiis. 
role  which  static  transformers  will  play  in  the  matter  of 
linking  up  supply  systems  and  in  the  solution  of  problems 
arising  therefrom  on  systems  of  the  same  frequency.  We 
are  now  at  a  stage  where  a  static  frequency  converter 
would  be  a  valuable  asset,  but  there  is  at  present  no 
such  commercial  apparatus  available.  There  exist  static 
frequency  converters  for  obtaining  triple-frequency 
currents  by  means  of  a  highly  saturated  "  neutral "  core 
of  a  three-phase  transformer,  carrying  a  winding  in  which 
a  third-harmonic  voltage  of  three  times  the  primary 
•  "  Alternating  Current  Phenomena,"  3rcl  edition,  p.  315. 
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t.  I  .-J.       frcviin.:K\    i-  induced:  but  such  apparatus  is  not  a  com- 
:;'.ir^...  Mlion   on   account   of    the    low    degree    of 

0  material,  the  triple  frequency  being  only 
.1  i.t;e  of  t lie  supply  voltage.     The  flexibility 

and  a  of  static  transformers  render  them  service- 

able !  ,    regulation,  .is  noted  in  the  paper,  and  also 

for  pha>c  conversion,  especially  in  the  case  of  the  Scott 
connection  for  two-phase  to  three-phase  conversion.  Among 
the  unfortunately  far  too  numerous  different  systems  in  this 
country,  there  are  still  a  number  of  two-phase  systems,  and, 
in  some  of  these,  Scott  groups  are  already  installed  for 
linking  up  with  neighbouring  three-phase  systems.  I  was 
interested  in  Professor  Field's  remarks  about  the  out-of- 
balance  of  a  thrcc-ph.isc  transmission  system  stepped  up 
from  two-phase  at  the  generating  end  and  down  ag.ain  to 
two-phase  at  the  receiving  end.  With  proper  disposition 
of  the  windings  on  the  transformers,  balance  should  be 
obtained  on  the  secondary  side  when  the  primary  side 
is  balanced,  and  by  suitable  design  and  grouping  of  the 
phases,  in  gener.il  any  balance  trouble  can  bo  overcome. 
The  Scott  system  possesses  great  llexibilitv  for  conversion 
from  two-phase  to  three-phase  or  six-phase.  Mr.  Woodhouse 
mentioned  the  case  of  a  system  using  delta-star  connected 
transformers  where  parallel  operation  with  star-star  con-  ; 
nected  transformers  was  precluded  on  account  of  the 
secondary  pliasc  displacement  of  30°.  This  docs  not 
deprecate  the  delta-star  connection,  as  it  is  quite  possible 
to  bring  the  secondary  voltage  into  phase  bv  the  choice  of 
suitable  transformer  connections,  it  being  of  course  well 
known  that  the  star  zig-zag  connection  will  parallel  with 
the  delta-star.  , 

If.  Raicua.  i^jr  H.  A.  RvTCUFF  :  The  paper  certainly  provides  a  | 
strong  argument  for  the  standardization  of  frequencies,  1 
since  the  main  difficulties  incidental  to  the  parallel  working 
of  power  stations  appear  to  arise  in  connection  with  the 
operation  of  frequency  changers.  The  author  savs  that 
the  frequency  changers  should  be  designed  for  abnormal 
conditions  ;  but  if  they  arc  large  enough  to  deal  with  such 
conditions  it  is  quite  possible  that  one  result  will  be  an 
extremely  poor  over.all  efficiency  ;  for  presumably  the  load 
under  abnormal  conditions  would  be  very  much  greater 
than  the  normal  running  load,  and  it  therefore  means 
cither  running  a  large  machine  at  a  comparatively  low 
load  or  otherwise  paralleling  smaller  machines,  which 
apparently  introduces  other  difficulties.  These  difficul- 
ties are  not  specifically  mentioned,  but  the  paper  deals 
with  the  subject  very  completely,  and  by  re.iding  carefully 
1  '    e  lines  it  is  evident  from  \-arious  little  hints  and 

•  that  they  have  a  very  rc.il  existence.  There  is 
an  extremely  candid  statement  at  the  bottom  of  page  67  to 
(1.  .,,,..,  ,|,j,(  "occasional  shut-downs  may  l>c  expected." 
I  an  idea  of  what  is  going  to  happen.     In  con- 

''iv  earthing  of  the  neutral  points,  the  first 
1  led  on   page  ^14  appe.irs  perfectly  feasible 

■  '  worked    quite    simply    by    aiilomatically 

'    .     1   thinl:.  liowcver,  that   method  (<)  is 
;iple  and  safe,  and  docs 
•1'  ,  :.  _!  :...allic  connection  between    ' 

one  «y«lcm  and  the  olhcr  if  the  transformers  arc  double  ' 
V.'  ■■<  !m  melliod  (</)  it  i»  suggested  that  reactances  or  ' 
'  could  be  placed   in  the  earth   connections  Co    ' 

I  '    '■        ■      '    iblc  v.ilue  ;  but  I  think 

I  lilc  value  It  defeats  to  a 


great  extent  the  primary  object  for  which  the  resistances  iU.  KildJ 
have  been  inserted  in  the  earth  connections.  With  regard  to 
the  question  of  static  conversion  from  single-phase  or  two- 
phase  to  three-phase,  the  various  systems  for  converting 
from  two-phase  to  three-phase  or  vice  versa  are  quite  sound, 
with  the  exception  of  the  slight  trouble  referred  to  by 
Professor  Field,  but  in  the  case  of  single-phase  it  is  quite  a 
different  matter  and,  as  the  author  states,  can  only  be  done 
at  the  expense  of  unbalancing  the  lo.ad  on  the  separate 
phases.  It  is  sometimes  stated  that  this  can  be  done,  and 
no  doubt  it  is  possible  to  convert  from  three-phase  to 
single-phase  with  an  equal  current  on  all  three  phases  ; 
but  the  power  factor  would  be  different  on  each  of  the 
three  phases,  and  consequently  the  load  would  not  be 
balanced.  Obviously  a  polyphase  supply  can  never  be 
converted  successfully  to  a  single-phase  one  through  the 
medium  of  static  transformers,  since  one  is  a  constant  and 
the  other  a  pulsating  delivery  of  power. 

An  interesting  feature  in  connection  with  the  use  of 
induction  frequency  changers  is  the  comparatively  large  ' 
slip  necessary  to  transfer  an  appreciable  load  from  one 
system  to  the  other.  If  there  are  two  stations  "  A  "  and 
"  B,"  one  of  which,  say  A,  has  a  reputation  for  maintaining 
a  constant  frequency,  whereas  H  is  perhaps  not  quite  so 
particular,  and  if  these  stations  arc  linked  through  a  con- 
verter requiring  a  2  per  cent  slip,  then  between  the  condi- 
tions when  A  is  supplying  power  to  B,  and  the  conditions 
when  B  is  supplying  power  to  A,  there  will  be  a  total  varia- 
tion of  4  per  cent  in  the  frequency  of  the  B  station.  Such  a 
large  variation  would  I  am  afr.iid  hardly  suit  the  Lanca- 
shire textile  industry.  The  vector  diagram  on  page  69  and 
the  conclusions  derived  from  it  are  particularly  interesting. 
A  few  years  ago  when  reactances  were  first  introduced  in 
America  they  were  advocated  as  the  panacea  for  nearly  all 
the  troubles  incidental  to  electricity  supply,  including  the 
difficulty  of  paralleling  power  stations  through  long  tie 
lines  owing  to  the  comparatively  large  amount  of 
resistance  in  the  circuit.  The  added  reactance  was 
intended  to  produce  the  bg  in  the  circul.iting  cunent 
between  the  sep.iratc  machines  or  stations  necessary 
to  give  the  synchronizing  power  components.  The 
author's  conclusion  on  page  70,  that  "  for  any  value  of 
resistance  likely  to  be  found  in  practice  its  effect  may  be 
neglected,"  does  not  therefore  seem  to  be  quite  in  agree- 
ment with  the  American  experience,  and  it  would  be 
interesting  to  know  whether  this  is  due  to  the  fact  that  in 
England,  at  any  rate,  the  distances  between  power  stations 
.ire  short  compared  with  the  distances  in  America  ;  and 
also  possibly  because  the  permissible  current  density  in 
underground  cables  is  less  than  for  overhead  lines.  The 
vector  diagram  is  a  little  difficult  to  comprehend  ;  but 
calculations  based  on  a  modified  diagram  lead  to  the  same 
result  as  the  one  given  in  the  paper.  Possibly  my  method 
of  drawing  it  would  be  more  in  accordance  with  Dr. 
Cramp's  criticisms.  The  line  joining  A  and  B  is  rather 
puzzling  and  I  think  the  diagram  would  be  more  easily 
comprehended  if  the  line  A  B  were  shown  as  a  rotating 
vector  about  the  point  <),  wilh  (lie  vector  representing  the 
synchronizing  curuiit  l.igt;ing  behind  il.  Tiie  two  perpen- 
diculars drawn  from  llie  end  of  the  current  vector  to  one 
E.M.F.  vector  and  to  the  other  one  produced  b,tckwards, 
would  give  the  retarding  and  accelerating  synchronizing 
power   components.     These  of  course  arc  not   equal  but 
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Ratclifl.  differ  by  an  amount  equal  to  the  losses  in  the  machines 
and  connecting  cables.  The  E.M.F.  or  induced  voltage 
vectors  would  naturally  then  be  drawn  rather  less  than 
180°  apart.  Taking  the  example  in  the  last  paragraph  on 
page  70  and  completing  the  calculation,  gives  apparently  a 
load  of  416  kw.  on  the  converter.  The  capacity  of  station 
A  is  10,000  kw.,  of  station  B  5,000  kw.,and  of  the  converter 
1,000  kw.,  and  therefore,  although  B  is  nearly  fully  loaded 
and  A  only  half  loaded,  the  converter  is  only  able  to 
utilize  416  kw.  of  its  i,ooo-kw.  capacity  ;  which  is  less 
than  10  per  cent  of  the  load  on  B,  and  less  than  5  per  cent 
of  A's  capacity.  This  does  not  appear  to  be  a  very 
economical  working  condition  when  the  comparatively 
high  cost  of  the  converter  is  considered. 

Hornby.  Mr.  B.  S.  HoRNBY  {commiinicaifd)  :  The  author  has  not 
directly  referred  to  the  drop  in  pressure  in  the  inter- 
connecting cables.  This  will  not  be  negligible  if  the 
works  are  a  considerable  distance  apart.  The  boosting 
arrangement  he  refers  to  can  of  course  be  used  to  compen- 
sate for  this,  but  it  is  questionable  if  it  should  be  fixed  in 
one  of  the  generating  stations.  No  doubt  in  some  cases 
existing  mains  supplying  consumers  will  be  extended  for 
interconnection  purposes,  and  in  this  event  the  best  position 


inserted  in  the  star  point  where  usually  there  will  only  be  Mr.  Hornby, 
a  small  potential  to   earth,  and  immersed   in  oil,  should 
prove  satisfactory  on  larger  ones.     Fig.  F  shows  another 


ResisCdnces 


Fig.  E. — Regulating  switch  connected  to  tappings  from  star- 
connected  three-phase  transformer. 


for  the  pressure-regulating  plants  appears  to  be  at  the 
place  where  the  authorities  make  the  interconnection. 
Switchgear  will  be  required  at  this  point,  and  some  no 
doubt  will  insist  on  main  transformers  being  used,  "even  if 
the  pressure,  etc.,  of  each  system  are  the  same,"  in  order 
to  keep  the  systems  electrically  separated  and  to  comply 
with  the  Board  of  Trade  requirements  regarding  earthed 
neutral  points.  If  this  position  can  be  used  by  more  than 
two  authorities  so  much  the  better,  in  order  to  save 
attendance  and  iron  losses,  if  common  transforming  plant 
with  separate  w»indings  for  each  sj'stem  is  used.  When 
main  transformers  are  used  in  the  interconnecting  circuit, 
other  methods  for  regulating  the  pressure  can  be  adopted. 
Fig.  E  shows  a  regulating  switch  similar  in  principle  to 
the  well-known  battery  regulator.  This  has  given  satisfac- 
tion on  high-tension  transformers  of  moderate  .size,  and  if 


known  method  which  prevents  the  attendant  short- 
circuiting  the  transformer  windings  between  the  tappings; 
this,  of  course,  is  onlv  applicable  when  the  adjustment  can 
be  made  before  the  interchange  of  power  is  required. 

Mr.  J.  S.  Peck  {in  reply)  :  Mr.  Robertson  has  given  some  Mr.  Peck, 
very  interesting  information  with  reference  to  the  parallel 
operation  of  the  Salford  station  with  that  of  the  Lancashire 
Electric  Power  Company,  and  it  is  very  interesting  to  see 
that  no  serious  difficulties  have  been  encountered.  I  hope 
that  Mr.  Robertson  will  give  us  full  particulars  of  the  con- 
necting feeders  between  the  two  stations,  and  also  it  would 
be  useful  if  he  would  give  in  more  detail  the  results  of  the 
tests  which  he  has  actually  taken. 

With  regard  to  Mr.  Vickers'  remarks,  I  do  not  think  that 
the  arrangement  shown  in  Fig.  i  of  the  paper  will  give 
unbalanced  voltages  except  to  a  very  small  degree  due  to 
a  slight  difference  in  the  value  of  the  impedance  intro- 
duced by  the  regulating  transformers  into  the  different 
phases  ;  but,  as  was  pointed  out  by  another  speaker,  this 
method  of  boosting  on  two  phases  only,  shifts  the  po.sition 
of  the  neutral  point  of  the  system,  so  that  two  stations 
connected  through  a  feeder,  having  a  booster  of  this  type, 
could  not  both  be  earthed.  The  only  advantage  of  this 
regulator  is  that  it  is  cheaper  than  the  three-phase  regu- 
lator. I  am  obliged  to  Mr.  Vickers  for  working  out  the 
complete  equations  for  calculating  the  load  on  an  induction 
frequency  changer. 

Professor  Field  gives  some  interesting  information 
relating  to  transformers,  connected  according  to  the 
"  Scott "  method,  for  changing  from  two-phase  to  three- 
phase.  The  unbalancing  in  voltage  which  might  occur 
was  one  of  the  difficulties  foreseen  by  Mr.  Scott  when 
first  bringing  out  his  invention,  and  great  care  was  always 
taken  to  interconnect  the  windings  on  the  three-phase  side 
of  the  main  transformer  so  that  there  would  be  a  minimum 
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. l*ck.  llic  two  halves  of  the  winding.     Hun- 

gers were  built  in  this  manner,  and  no 
complaint  was  over  received  of  unbalanced  voltages.  If 
Ihc  two  halves  of  the  winding  are  not  properly  inter- 
connected, the  unbalancing  may  be  very  serious. 

With   reference    to    Dr.   Cramp's   remarks  on    parallel 
running,  it  is  generally  safe  to  assume  that  if  the  ditlerent 
:>  in  a  station  run  well  in  parallel  with  each  other, 
run  in  parallel  with  those  in  another  station.     As 
•V  of  connecting  several  >tations  bv  means  of 
chronous  sets,  it  is  true  that  a  difference  in 
speed  ratio  is  required  in  order  to  make  the  set   take  its 
full  lo-id,  but  the  value  of  4  per  cent  taken  for  the  slip  is 
altogether  too  high.     In  general,  it  will  not  exceed  1   to 
I )  per  cent  on  a  machine  of,  say,  1 ,000  kw.  capacity,  but  even 
with  this  small  slip  the  difference  in  speed  ratio  may  be 
very    objectionable    under    certain    conditions.     Another 
objection  to  the  induction  synchronous  set  pointed  out  by 
Dr.   Cramp   is    that    the    induction    machine  cannot   re- 
generate if  the  synchronous  plant,  to  which  it  is  usually 
connected,  is  shut  down.     The  suggestion  that  this  might 
be  overcome  by  arranging  the  set  so  that  the  connections 
of  the  two  machines  may  be  interchanged,  with  reference 
to    the    generating    stations,   is    h.ardly   feasible    for   the 
following  reason  :  A  motor-generator  set  is  only  utilized 
for    interconnecting   where    the    stations    have   different 
frequencies.     Therefore,  the  induction  machine  must  be 
wound   for   a  different  frequency  from   that  of  the  syn- 
chronoi)<:   machine,   and    it  is  obvious  that   under    these 
it  would  not  be  possible  to  interchange  their 

i 

Mr.  Frith  is   correct   in  assuming  that   the   vectors  of 


Fig.  8  represent  in   magnitude   root-mean-squ.ire   values,  J*.  r«* 
but  their  positions  do  not  represent  instantaneous  values 
in  the  usual  sense,  as  a  certain  angular  displacement  may 
be  constant  for  an  indefinite  period. 

Mr.  Ratcliff  suggests  that  a  frequency  changer  will  have 
to  work  at  low  load  most  of  the  time,  and  will  therefore 
bean  inefficient,  as  well  as  an  expensive,  piece  of  app.iratus. 
The  extent  to  which  it  can  be  loaded  will  depend  on  the 
rate  at  vvliich  the  la«ds  fluctuate  on  the  gencraling  stations. 
If  load  changes  are  gr.adual,  the  set  can  be  worked  at 
approximately  full  load  most  of  the  time,  for  even  at  full 
load  there  is  approximately  100  per  cent  margin  before 
it  will  pull  out  of  step.  If,  however,  the  loads  fluctuate 
too  rapidly  to  permit  any  adjustments  of  the  governors, 
then  the  frequency  changer  would  have  to  lie  made  of 
larger  size  or  more  lightly  loaded.  When  considering  the 
question  of  the  effect  of  resistance  in  the  feeder  upon 
parallel  operation,  it  should  be  remembered  that  the 
reactance  of  the  generators  themselves  must  be  taken 
into  account.  On  the  otiicr  hand,  if  tlie  interconnecting  ■ 
feeder  is  of  very  small  capacity  in  comparison  with  that 
of  the  generating  stations,  its  ohmic  value  may  have  a  very 
appreciable  effect  on  synchronizing  power. 

Mr.  Hdrnliy  shows  two  types  of  regulators  connected 
directly  to  transformer  tappings.  The  f.icc-plate  type 
with  preventive  resistance  should  be  quite  satisfactory, 
if  the  currents  are  not  too  large  or  the  voltage  per  step  too 
high.  The  switch-type  regulator,  as  shown,  involves  the 
opening  of  the  circuit  for  each  change  in  voltage,  but  by 
increasing  the  number  of  switches  it  is  possible  to  intro- 
duce a  preventive  resistance,  and  regulators  of  this  type 
have  proved  very  satisfactory. 
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gl^j^^  Mr.  R.  A.  Chattock  :  The  great  advantages  of  linking 

up  electric  supply  stations  are  the  more  economical  running 

of   the   generating   plant,  the   reduced  quantity  of  sp.irc 

pbnt  that  would  be  necessary,  and  the  greater  reliability 

of    the   supply.     The   paper   deals   with    several   difficult 

problems  that  will  arise  in  connection  with  such  linking 

up.     I    am   very   interested    in   the   experiment  that   the 

author  describes,  by  which  the  Salford   undertaking  has 

'  '..id   up  with  the    Lancashire    Power   Company's 

:ig,  and  it  is  very  satisfactory  to  know  that  a  load 

•  w  can  be  transferred  in  either  direction  with  a 

of  only  3  per  cent  in  the  voltage  at  cither  end. 

It  would  lie  interesting  to  know  what  is  the  capacity  of 

tl.i    111.1.,^  and  transformers  used  in  this  experiment,  as 

.1  low  potcnti.il  difference  it  would  seem  that  the 

'  '  ive  been  considerably  in 

As  regards  ciinnecting 

ities,  Ihc  induction 

efficient  in  opera- 

li'..ii,  aiiil  with  llu-  power  factor  on  the 

'""■'"''■'  ml  point  because  the  power 

11%  has  a  tendency  to  fall 

•   ;..■  .»  IS  need  of  apparatus  to 

disadvantage  of  not  being  able  to  run 

'   111'  I":  •■  r   without    synchronous 

,:   plant   1  n  the  circuit  i»  also  a 


I   very  serious  one  in  the  case  of  small  undertakings.     The  ••/  .    ^ 

'  ,      ,        ,  .  .  ,  ChuUock. 

method    of    interconnecting    through    rotary    converters 

appears  to  be  the  most  flexible,  though  the  cost  of  the 
app.iratus  required  may  be  prohibitive  if  large  inter- 
changes of  energy  are  required.  With  this  system  a  stor- 
age battery  can  be  connected  between  the  two  continuous- 
current  ends  of  the  rotary  converters,  and  in  this  way  can 
be  used  as  an  emergency  standby  to  either  system  until 
further  generating  plant  cm  be  got  away  to  assist.  The 
voltage  regulation  can  be  most  easily  provided  by  this 
system  and  the  power  factor  on  the  circuit  can  be  .idjusted 
so  that  all  the  copper  in  the  cables  can  be  utilized  for  the 
transmission  of  cnerg)-.  The  synchronous  motor-generator 
is  rather  too  rigid  in  oper.-ilion  to  be  satisfactory,  although 
with  careful  handling  this  objection  is  not  very  serious.  It 
is  obvious  that  when  two  synchronous  machines  coupled 
together  .ire  synchronized  between  two  systems  very  great 
care  must  be  exercised  so  as  to  get  the  linal  connection 
exactly  in  phase  ;  if  it  is  slightly  out,  when  the  switch  is 
closed,  the  machine  will  liavc  to  pull  the  whole  load  on 
one  system  into  step  Willi  itself  and  this  will  cause  a  very 
heavy  strain  upon  the  windings  of  the  machine.  I  con- 
sider that  high-voltage  tianunissioo,  even  over  compara- 
tively short  distances,  should  be  used  for  linking  up.  It  is 
highly  desirable  to  insert  transformers  to  separate  the 
systems,  and  sufficient  rcact.incc  can  be  inserted  in  these 
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to  control  undue  surges  of  current  under  breakdown  con- 
ditions. By  inserting  such  a  break  in  the  metallic  con- 
nection between  systems  the  difficulty  of  double-earthing 
disappears.  High-voltage  transmission  would  also  lead  to 
economy  in  the  cost  of  the  copper  that  it  would  be 
necessary  to  lay  for  such  links. 
ray'or.  Mr.  A.  M.  Taylor  :  With  underground  three-phase 
cables,  the  reactance  drop  is  practically  negligible  and  the 
resistance  drop  (at  5,000  volts)  amounts  to  about  ij  per 
cent  per  mile  at  1,000  amperes  per  square  inch.  Now,  the 
"  instantaneous "  reactance  of  most  alternators  is  of  the 
order  of  8  to  10  per  cent ;  so  that  up  to  8  miles  the  diminu- 
tion of  the  synchronizing  component  of  the  current  in  the 
mains  need  not  trouble  us  ;  and,  if  we  are  to  include  the 
reactances  of  the  alternators  at  bolh  ends  of  the  trans- 
mission line,  we  may  go  up  to  16  miles  before  the  reactive 
and  resistive  components  approach  one  another  in  value, 
and  parallel  running  consequently  becomes  less  stable. 
With  voltages  higher  than  5,000,  these  distances  will  be 
proportionately  increased.  With  reference  to  the  parallel 
working  of  two  or  more  separate  stations,  I  notice  that  the 
author  seems  to  suggest  the  use  of  automatic  voltage  regu- 
lators at  all  the  stations.  I  believe  that  in  the  larger 
stations  it  will  be  found  desirable  to  have  non-automatic 
regulators,  especially  in  those  stations  in  which  the  busbars 
are  subdivided  by  means  of  reactances.  Under  such  circum- 
stances it  will  very  likely  be  found  undesirable  to  have  any 
fixed  voltage  control.  The  power  factor  of  the  currents 
passing  through  the  different  reactances  will  be  what  has 
to  be  watched.  A  Tirriil,  or  other  automatic  voltage  regu- 
lator, does  not  display  discrimination  in  an  emergency  ; 
all  it  does  is  to  keep  the  voltage  constant.  It  also  may, 
and  occasionally  does,  get  out  of  order  itself ;  and  the 
more  nearly  it  approaches  perfection  and  is  therefore 
relied  on  for  all  emergencies,  the  more  chance  is  there  of 
a  serious  accident  through  its  sudden  failure.  If  two 
stations,  A  and  B,  are  running  in  parallel  and  something 
goes  wrong  with,  say,  B's  Tirriil  regulator,  causing  the 
exciters  to  fail  to  excite,  then  the  alternators  of  that  station 
will  throw  off  the  lagging  wattless  component  of  the  load 
which  they  have  been  carrying,  and  this  will  consequently 
have  to  be  borne  by  the  alternators  of  station  A.  If  these 
— a  very  common  occurrence  with  earlier  sets — cannot 
maintain  the  standard  voltage  in  spite  of  this  very  heavy 
lagging  component,  the  Tirriil  regulator  at  station  A  will 
not  be  satisfied,  and  tremendous  magnetizing  currents  will 
be  sent  from  station  A  to  station  B,  causing  the  generators 
at  A  to  be  still  further  reduced  in  voltage,  because  they 
now  supply  not  only  the  whole  lagging  component  of  the 
load  proper,  but  also  a  lagging  current  equivalent  to  the 
leading  current  taken  b}'  B's  generators.  The  two  stations 
will  thus  be  rapidly  thrown  out  of  step,  with  possible 
disastrous  results,  as  the  action  is  a  cumulative  one.  If 
stations  A  and  B  are  really  big  stations,  there  is  no  need 
for  an  automatic  regulator  at  either,  on  account  of  the  slow 
variations  in  the  load,  and  I  cannot  help  feeling  that  hand 
regulation  is  safer,  as  it  introduces  intelligence  in  operation, 
and  there  are  other  things  to  consider  than  voltage.  It 
does  not  appear,  at  first  sight,  as  though  the  failure  of  the 
governor  gear  of  either  station  would  lead  to  such  serious 
trouble  as  the  failure  of  the  Tirriil  regulator.  A  question 
that  crops  up  incidentally  is  the  advisability,  or  otherwise, 
of  using  "  failing  field  "  relays  on  the  generators.     In  the 


contingency  mentioned  above,  those  on  station  B  would  Mr.  Taylor., 
all  operate,  under  conditions  tending  to   cause  a  rise  in 
voltage  of  certain  parts  of  the  circuit  to  nearly  double  the 
normal    existing    to   earth,   with   possible   breakdown   of 
current  transformers,  etc. 

Mr.  R.  Orsettich  :  The  calculations  of  the  size  of  the  Mr. 
cable  for  linking  up  two  supply  stations  can  be  consider-  * 

ably  modified  if  the  purpose  of  the  linking  is  ascertained 
and  put  under  one  of  the  two  headings  :  (a)  the  linking 
up  is  for  the  purpose  of  supplying  the  peak  load  in  either 
station  whenever  these  peak  loads  happen  to  take  place  at 
different  times  ;  (6)  the  linking  up  is  for  the  purpose  of 
supplying  the  whole  of  the  requirements  of  the  given 
station  during  times  of  light  load,  such  as  night  loads, 
Sunday  load,  and  so  on.  The  static  boosters  proposed 
have  one  objectionable  feature,  namely,  the  switch  and 
open  contacts  to  adjust  the  tappings  require  to  supply 
a  given  voltage.  Movable  contacts  for  carrying  large 
currents  have  not  proved  satisfactory  in  starters  and 
similar  switchgear  and  are  a  certain  weakness  of  the 
proposed  arrangement.  It  is  suggested  that  either  an 
induction  regulator  or  some  type  of  synchronous  booster 
should  be  adopted  instead.  I  have  carried  out  two  instal- 
lations of  linking  stations  of  different  periodicities,  in  one 
case  linking  a  40-cycle  station  with  a  50-cycle  one,  and  in 
another  case  a  so-cj'cle  station  with  an  87-cycle  one.  The 
supply,  however,  was  entirely  through  the  link  whenever 
the  link  was  operated  and  this  made  matters  considerably 
easier.  The  machines  used  were  synchronous  machines 
in  one  case,  and  to  adjust  the  phasing-in  a  rocking  stator 
was  used  for  one  of  the  units.  In  the  other  case  an  induc- 
tion motor-generator  was  used  and  then  the  periodicity 
of  supply  fed  through  the  link  was  lowered  to  suit  the  slip 
of  the  induction  motor.  The  author  mentions  that  it  is 
good  practice  in  the  States  to  link  large  supply  centres  by 
means  of  a  motor-generator  of  an  output  of  10  per  cent  of 
the  total  of  either  station,  but  the  main  peculiarity  of  this 
system  is  that  it  is  not  apparent  for  what  purpose  the 
linkage  with  such  a  small  link  should  be  adopted.  Con- 
tinuous-current linkage  by  means  of  a  double  set  of  rotary 
converters  was  adopted  in  Birmingham  to  link  up  the 
Aston  station  working  on  50  cycles  with  the  Birming- 
ham supply  working  on  25  cycles,  the  output  of  the  rotary 
sj'stem  in  this  case  being  equal  to  half  the  output  of  the 
station  at  Aston.  The  objection  to  the  proposed  method 
of  earthing  stations  linked  together  at  one  point  appears  to 
be  the  impossibility  of  quickly  removing  the  earth  con- 
nection should  any  point  of  the  system  break  down  to 
earth.  Two  of  the  difficulties  which  appear  to  exist  in 
any  linked-up  system  do  not  seem  to  have  been  fully 
discussed  in  the  paper,  viz.  the  necessity  of  providing  very 
large  switchgear  at  the  ends  of  the  links  so  as  to  break  the 
maximum  short-circuit  likely  to  happen  at  any  point  in  the 
system,  and  also  the  probability  of  having  to  deal  with 
heavy  surges  on  an  extended  system  with  long  feeders  and 
with  the  load  concentrated  at  the  end  of  these  feeders, 
especially  when  synchronous  machines  were  used. 

Dr.  G.  Kapp  :  The  well-known  law  that  maximum  con-  Dr.  Kapp. 
trol  is  obtained  if  inductance  and  resistance  are  equal, 
does  not  mean  that  one  should  increase  resistance  to  bring 
it  up  to  equality  with  inductance,  but  only  the  reverse.  If 
the  resistance  is  high  then  an  increase  of  inductance  up 
to  equality  with  this  high  resistance  will  strengthen  the 
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control :  but  as  in  most  cases  the  resistance  is  small,  the 
stronger  control  can  only  be  obtained  by  a  decrease  of 
inducUnce.  The  author  has  formulated  the  law  correctly 
,;  of  Appendix  I.     I  am,  however,  not  able 

t  icfinition  of  "total  synchronizing  power." 

Apparcniiy  he  Likes  thi^  to  be  the  sum  of  the  excess  power 
fjivfii  out  by  the  leading  machine  and  the  deficiency  of 
power  in  the  lagging  machine.  1  think  synchronizing 
power  should  be  defined  separately  for  each  macliinc, 
and  if  this  is  done  we  find  for  the  leading  machine 


sill  .1  +  jR  sin=  ia) 


and  for  the  lagging  machine  a  similar  expression,  but  with 
the  second  term  in  the  bracket  negative.  Since  a  can 
only  be  a  small  angle  the  second  term  is  negligible,  and 
we  thus  gel  for  the  true  synchronizing  power  exactly  one- 
half  of  the  value  given  in  the  paper.  The  effect  of  re- 
sistance is,  as  the  author  points  out,  not  very  important, 
but  it  is  not  quite  so  small  as  stated  ■■'■  in  (5).  With  a 
resistance  equal  to  50  per  cent  of  the  inductance  the 
reduction  of  synchronizing  power  is  as  4  to  5,  or  20  per 
cent,  and  not  12  per  cent  as  slated.  It  is  convenient  to 
give  the  synchronizing  power  in  kw.  for  one  electrical 
degree  phase-difference  between  the  two  machines.  If 
the  open-circuit  voltage  (star  value)  is  given  in  kilovolts 
(kv)  and  resistance  and  reactance  refer  to  star  values  also, 
the  synchronizing  power  of  a  three-phase  machine  is 


kw.  =  26 


»L 


R*  +  m'  L 


:,(kv)». 


It  should  be  noted  that  «<  L  is  not  constant,  but  depends 
on  the  load.  It  has  two  components:  the  one  is  the  true 
inductance,  or  rather  the  average  inductance  which  may 


an  ampere  scale  such  that  A  B  represents  back  ampere-  i;r.  ICipp. 
turns,  i.e.  in  a  three-phase  machine  i'l  X  conductors  per 
phase  per  pole  x  effective  amperes ;  then  O  B  is  the 
exciting  force  which  would  be  acting  if  the  armature 
current  had  a  lag  of  90'.  In  this  case  y  F  would  be  the 
reduction  in  K.M.F.  due  to  hack  turns.  Let  X  be  tlic 
inductance  of  the  armature  measured  as  before  described 
(or  cilculated  in  any  of  the  well-known  ways  from  slot 
and  head  leakage),  then  u  \  I  is  the  drop  due  to  true 
inductance.  Draw  a  line  from  U  at  such  a  slope  that 
tan  y  =  ui\;  then  F G  is  the  true  inductive  drop  and  Q G 
is  the  total  inductive  drop  for  a  current  lagging  by  90\ 
For  any  other  lag  the  drop  is  ^  G  x  sine  of  lag.  A  circle 
drawn  from  G  will  then  be  the  locus  for  the  external 
E.M.F.  vector  for  the  particular  current  I  ^  A  B,  and  if  wc 
wish  to  take  tlic  resistance  also  into  account  wc  draw  the 
circle  not  from  G,  but  from  K  on  the  resistance  line  Q  *. 
The  drop  from  no  load  to  a  load  of  I  amperes  is  K  V.  By 
repeating  the  construction  for  various  values  of  armature 
current  we  can  with  very  little  labour  prepare  a  curve  such  as 
Fig.  H  connecting  current  and  inductance.    To  the  current 

A  Armature  currenC 


br   foijiifl    by   passing  a   current    through    the   armature, 

the    K.M.F.  required  when  the  relative  posi- 

,     IS  and  armature  coils  is  varied,  and  taking  the 

i^c ;    the  other    it  a  kind    of    spurious    inductance 

■  ■  '^   by   the   weakening  of   the   field    by   arm.iture 

n%.    Tlic  following  is  a  simple  graphic  method 

Ihc  total       ■  :    ul  on  the 

l.<-t.  in  I  .1   K.M.F. 

ctku^tuivtic  o(  Ihc  ia.1.  1  A  tlit  exciUlion.     I'sc 

•  s  ..I 


Fig.  H. 

O  A  corresponds  the  inductance  A  B,  and  to  zero  current 
the  inductance  O  C.  It  will  be  seen  that  the  inductance 
increases  with  increasing  lo.id,  which  means  a  reduction 
in  controlling  power  with  increasing  lo.id.  When  dealing 
with  the  induction  motor  and  synchronous  generator  the 
author  points  out  that  by  making  the  slip  f.iirly  large  it 
is  almost  impossible  to  overload  the  link  between  two 
stations  ;  also  that  a  smaller  set  may  be  used  than  if  both 
machines  arc  synchronous.  The  two  disadvantages  men- 
tioned are  a  large  difference  in  speed  and  bad  power 
factor.  Now  both  of  these  do  not  seem  to  nie  to  be  very 
serious,  whilst  the  flexibility  of  the  system  and  the  freedom 
from  dangerous  overloading  arc  very  iniporl:iiit  .advan- 
tages. A  i,ooo-kw.  induction  motor  can  easily  be  made 
for  a  slip  of  l  per  cent,  and  by  using  a  pli.isc  advancer  of 
the  vibratory  type  the  slip  will  be  increased  at  full  load  to 
something  like  ij  or  2  per  cent.  The  phase  advancer 
itself  would  be  quite  a  small  and  inexpensive  .ipparalus, 
so  that  the  only  objection  remaining  is  that  of  a  slip  of  at 
the  most  ±  2  per  cent.  This  docs  not  seem  a  very  serious 
matter,  considering  that  most  motors  in  pnictical  use  have 
a  larger  difference  than  2  per  cent  between  light  and 
full  load. 

Dr.  C.  C.  Gakharu  (iommiitiif,itfil);  It  is  prob.able  that  Dr.  Gurar 
the  linking-up  of  existing  generating  stations  is  the  most 
immediate  and  practic.il  step  that  the  electric  supply  in- 
dustry might  take  in  the  <  .impaign  of  nation.il  economy 
which  a  piol(ing.ilion  of  the  War  will  entail.  The  author 
has  de.ill  in  a  very  clear  and  concise  manner  with  the 
type""  of  machinery  wliich  arc  available  in  order  to  effect 
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this  linking  up.  There  is,  however,  one  aspect  of  the 
question  which  he  has  not  dealt  with  and  on  which  I 
think  the  success  of  such  linking-up  proposals  will  in  a 
large  measure  depend.  I  refer  to  the  control  gear.  It  is 
now  recognized  that  control  gears,  for  example  oil  switches, 
must  be  chosen  having  regard  to  the  maximum  value  of  the 
short-circuit  current  which  can  occur  in  the  places  where 
the  switches  are  situated.  Even  with  existing  supply 
stations  it  is  very  doubtful  whether  the  breaking  capacity 
of  the  oil  switches  which  are  available  has  kept  pace  with 
the  growth  of  the  generating  plant.  It  is  not  unusual  to 
find  supply  stations  equipped  with  switchgcars  which, 
owing  to  the  continual  addition  of  generating  machinery, 
have  become  insufficient  in  size  for  their  duty.  The  result 
of  this  is  that  on  the  occasion  of  short-circuits  the  switches 
fail,  with  consequent  interruption  of  the  supply.  We  can 
therefore  conceive  two  stations  the  switchgear  of  which  is 
adequate  having  regard  to  the  individual  totals  of  plant 
installed.  The  effect  of  linking  them  up,  however,  by 
diminishing  the  inherent  reactance  of  the  system  greatly 
increases  the  short-circuit  current  and  renders  the  whole 
of  the  switchgear  inadequate.  As  has  already  been  indi- 
cated, this  trouble  can  be  partiallj-  guarded  against  by  the 
introduction  of  reactance  in  the  interconnectors.  There 
is,  however,  to  my  mind,  no  doubt  that  if  we  are  to  go  in 
for  large  schemes  of  linking-up  it  will  soon  be  found  that 
the  types  of  control  gear  which  we  have  available  are 
inadequate,  and  that  this  will  prove  a  limiting  feature. 
The  largest  types  of  oil  switches  hitherto  made  have 
probably  been  developed  in  America.  These  switches, 
however,  have  been  mainly  used  for  overhead  lines  having 
comparatively  large  reactance  values,  and  it  does  not 
necessarily  follow  that  the  same  switches  would  give 
satisfaction  when  used  with  underground  cables,  as  would 
be  largely  the  case  with  us.  It  seems  to  me  that  this 
question  of  control  gear  for  very  big  supply  sj'stems  is 
one  which  should  be  given  special  attention  by  the 
Institution.  There  is  undoubtedly  a  large  amount  of 
information  that  could  be  made  available  if  an  organiza- 
tion existed  which  could  gather  it  together  and  put  it  into 
a  form  available  for  the  industry  in  general.  On  several 
occasions  in  the  last  few  months,  I  have  heard  indirectly 
when  travelling  about  the  country  of  certain  troubles 
which  have  been  experienced  by  supply  companies  on 
the  lines  indicated.  No  doubt  the  engineers  concerned 
have  profited  considerablv  by  the  said  experiences,  but  I 
think  there  is  no  doubt  that  it  would  make  for  progress  if 
the  details  of  the  occurrences  were  available  generally,  so 
that  the  engineers  of  other  undertakings  could  guard 
against  a  repetition.  The  -American  Institute  has  such  an 
organization  in  the  form  of  a  standing  High  Tension 
Transmission  Committee  which  is  called  upon  to  report 
periodically  on  the  general  progress  of  high-tension  work, 
and  the  Swiss  Society  of  F^lectrical  Engineers  also  does 
the  same  kind  of  thing.  I  should  therefore  like  to  suggest 
that  the  Institution  should  take  this  matter  up.  I  think  no 
action  of  the  Institution  could  be  more  helpful  than  this 
in  the  advance  of  British  electrical  engineering.  The 
present  haphazard  method  of  leaving  it  to  the  individual 
manufacturers  and  suppl)-  companies  and  municipalities  is 
very  unsatisfactory,  and  a  co-operative  and  co-ordinated 
effort  such  as  I  have  suggested  is  what  is  required.  Take 
as  an  example  the  question  of  oil  switches.     How  large 


should  an  oil  switch  be  which  is  called  upon  to  break,  say,  Dr. 
200,000  kw.  ?  This  would  not  be  a  large  amount  of  power 
for  a  system  having,  say,  30,000  kw.  of  plant  connected  in 
parallel.  I  am  almost  certain  that  if  the  various  manufac- 
turers were  asked  to  put  forward  a  switch,  very  great 
variations  would  be  found  in  their  proposals.  It  may  not 
be  generally  known  that  the  Verband  Deutscher  Elektro- 
techniker  has  already  issued  a  report  upon  this  verj' 
question,  but,  as  far  as  I  am  aware,  nothing  whatsoever  has 
been  done  in  this  country.  This  is  essentially  a  question  of 
research.  I  am  certain  that  both  manufacturers  and  users 
would  heartily  v.-elcome  any  information  on  this  subject. 
I  would  suggest,  therefore,  that  the  Institution  be  asked 
to  form  a  representative  Committee  for  this  purpose  with 
instructions  to  report,  say,  every  six  months.  It  would 
also  have  to  spend  a  good  deal  of  money,  as  experiments 
would  have  to  be  organized,  etc.  ;  moreover,  in  order  to 
make  rapid  progress  it  would  be  necessary  to  retain  the 
services  of  a  good  engineer  to  act  as  secretary  to  the 
Committee.  The  Committee  could  issue  a  report  every 
six  months  and  would  give  reliable  and  unbiased  informa- 
tion as  regards  all  progress,  experiences,  and  experiments 
made  in  the  meantime.  I  have  no  doubt  that  if  such  an 
organization  could  be  got  to  work,  in  a  very  few  years  the 
problems  which  are  now  a  source  of  considerable  anxiety 
to  many  supply  companies'  engineers  would  be  solved  and 
a  great  advance  made  in  the  reputation  of  British  manu- 
facturers of  this  class  of  apparatus.  I  should  only  like  to 
add  that,  in  view  of  recent  announcements  by  the  Govern- 
ment, I  think  it  very  likely  that  a  grant  of  money  for  such 
a  research  might  be  obtained  if  proper  representations 
were  made. 

Mr.  C.  JoxES  {commiiiiicciU'cl)  :  The  linking  up  of  large  Mr.  Jones. 
power  stations  is  certainly  the  right  thing  to  do  in  order 
to  economize,  and  especially  the  linking  up  of  the  large 
coUiery  power  stations  with  municipal  supplies,  as  the 
exhaust  and  mixed-pressure  turbines  are  greatly  used  at 
large  collieries  ;  and  this  should  tend  to  cheapen  the  cost 
of  production,  etc.  One  point  in  connection  with  power- 
supply  work  is  the  very  low  power  factor  that  is  obtained 
in  a  great  many  cases,  but  this  is  now  being  improved  by 
the  use  of  static  condensers.  My  firm,  the  Cannock  Chase 
Colliery  Co.,  have  installed  three  sets  of  340,  400,  and 
600  mfd.  capacity  respectively,  and  these  have  been  in 
use  for  over  12  months  without  giving  the  slightest  trouble. 
The  result  of  the  introduction  of  these  condensers  was  the 
shutting  down  of  a  200-kw.  set,  the  losses  in  cables  being 
therefore  reduced.  There  are  other  useful  examples  of 
synchronous  motors  in  use  at  collieries,  driving  fans,  com- 
pressors, etc.,  where  mechanical  work  is  obtained  in  the 
improvement  of  power  factor,  the  number  of  kilovolt- 
amperes  being  reduced  by  their  introduction  and  useful 
work  performed  in  addition  to  the  power-factor  improve- 
ment. 

Mr.  J.  S.  Peck  (in  reply):  Mr.  Chattock  mentions  the  Mr.  Peck, 
possibility  of  interconnecting  through  rotary  converters  and 
using  a  storage  battery  as  an  emergency  standby.  This  is 
another  of  the  possibilities  of  this  method  of  linking  up, 
btit,  as  previously  stated,  I  am  of  the  opinion  that  this 
method,  on  account  of  the  high  cost  of  the  apparatus,  will 
be  feasible  only  when  continuous  current  is  necessary  for 
distribution  purposes  or  for  charging  batteries. 

With  reference  to  Mr.  Taylor's  remarks  re   automatic 


90 


I'ECK:    PARALLEL   OPKKATIOX    OF    POWER    STATIONS:    DISCUSSION. 


<«  Pwk        \rlt.i 


■L;-:!.t'r>r<.  I  did  not  intend  to  suggest  that  rcgula- 
ild  be  used  on  all  Ihc  stations  which 
.1  _  ;;h   where   the  >winging  of   the   load 

between  the  stations  is  not  rapid  it  might  be  possible  to  do 
so.  The  troubles  which  he  mentions  as  likely  to  result  in 
case  of  the  failure  of  the  regulators  are  inherent  in  the 
regulator  itself,  and  may  cause  trouble  in  a  single  station 
as  well  as  in  the  case  where  several  stations  arc  inter- 
connected. 

Mr  <>r<ettich  refers  to  the  practice  in  America  of  linking 
-   ot    different   frequencies   through    frequency 
^  .iving  lo  per  cent  of  the  capacity  of  the  smaller 

ot  the  two  stations.  I  do  not  suggest  that  this  is  standard 
practice,  but  it  is  quite  possible  to  do  so  when  the  lo.id 
Huctuations  arc  small  and  not  too  rapid.  In  general,  the 
larger  the  stations  the  smaller  are  the  fluctuations  in  load, 
and  it  is  of  course  the  fluctuations  and  not  the  size  of  the 
station>  which  determine  primarily  the  maximum  load  on 
llie  interconnecting  link.  .\s  to  the  utility  of  so  small  a 
frequency  changer,  it  seems  quite  possible  tli.it  under 
certain  conditions  it  might  be  of  great  advantage  to  shift 


ID  per  cent  of  the  load  from  one  station  to  the  other,  as  Mr.  Peck, 
it  might  make  it  possilile  to  run  with  less  plant. 

I  am  much  obliged  to  Ur.  Kapp  for  pointing  out  an 
error  m  the  figures  for  the  effect  on  synchronizing  power 
due  to  resistance,  and  this  has  been  corrected  in  the 
Journiil.  As  to  whether  total  synchronizing  power  should 
be  taken  as  the  sum  of  that  on  Vioth  machines,  or  simply 
that  on  one  machine,  is  a  matter  of  dispute,  but  is  probabi)' 
of  little  importance  so  long  as  it  is  clearlv  defined. 

I  am  quite  in  sympathy  with  Ur.  (iarrards  suggestion 
that  we  should  have  standard  rules  for  oil  switches, 
corresponding  somcwh.-it  to  those  of  thcVerband  Deutscher 
Elektrotechniker,  and  the  matter  is  now  being  carefully 
considered  ;  but  I  think  it  would  be  a  mistake  to  try,  as 
the  Germans  have  done,  to  specify  dimensions,  speed, 
amount  of  oil,  etc.,  as  these  arc  matters  which  each 
manuf.icturer  should  decide  for  himself,  and  were  they 
rigidly  fixed  there  would  be  no  room  for  progress.  In 
general,  manufaclurcrs  wish  to  be  told  what  is  required 
of  apparatus,  and  resent  being  told  how  it  is  to  be 
doicned. 


WEIGHTMAN  :   COLONIAL   TELEGRAPHS   AND  TELEPHONES. 
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By  R.  \V.  Weight.max,  Member. 

(P<i/f(    first  received  26  Sovcmhcr,   1915,  ait,i  l„  fiiiol  form  14  June,  1916  ;  read  before  The  Ixstitltion  14  December,  1916.) 

followed  more  or  less  throughout  the  other  Dominions 
and  Colonies.  It  will  therefore  be  understood  that  where 
the  "  Dominions  and  Colonies"  are  referred  to  Canada  is 
not  included  unless  otherwise  expressly  stated. 

No  attempt  has  been  made  to  deal  with  those  special 
engineering  troubles  peculiar  to  the  tropical  Colonies, 
which  were  so  adequately  dealt  with  by  Mr.  Llewellyn 
Preece  in  his  paper  on  "Telephone  Troubles  in  the 
Tropics."  * 

If  the  paper  appears  to  give  an  undue  amount  of  atten- 
tion to  practice  in  South  Africa  and  the  Crown  Colonies,  it 
will  be  understood  that  this  is  because  the  author  is  more 
closely  in  touch  with  those  countries  than  with  the  others. 

\o  review  of  this  subject  would  be  complete  without  a 
reference  to  the  great  services  the  late  Sir  William  Preece 
rendered  to  the  Colonial  Administrations  during  his  life- 
time. As  far  back  as  186S  he  undertook  the  training  of  a 
number  of  student  engineers  for  the  Government  of  India 
and  soon  after  this  date  his  advice  was  sought  by  prac 
tically  all  the  Colonial  Governments,  including  those  in 
Australia,  New  Zealand,  and  South  Africa,  as  well  as  those 
of  the  smaller  Crown  Colonies  ;  and  upon  the  advice  he 
gave,  not  only  were  the  foundations  of  many  of  the 
Colonial  sj'stems  laid,  but  in  many  cases  the  super- 
structures also  were  built,  and  they  stand  to-day  a  not 
unworthy  monument  to  his  memory. 

British  Post  Office  practice. — From  Sir  William's  associa- 
tion with  the  Colonial  services  and  with  the  gradual 
standardization  of  materials  and  plant  generally  in  the 
Home  Department,  and  the  publication  by  the  Depart- 
ment of  books  of  technical  instructions,  the  Dominions 
and  Colonies  have  got  more  or  less  into  the  wav  of  accept- 
ing Post  Office  practice  as  be\-ond  question.  There  is  the 
feehng  that,  no  matter  what  the  subject  may  be,  the 
practice  laid  down  for  it  has  been  well  thought  out,  and 
is  the  result  probably  of  3-ears  of  experience  and  of  cap:ible 
and  careful  research. 

Colonial  methods  do  of  course  varj'  in  many  matters  of 
detail  from  those  in  vogue  at  home.  Different  peculiar 
local  and  climatic  conditions  have  to  be  coped  with.  The 
Administrations  of  the  Dominions  send  their  chief  tech- 
nical oflicers  around  the  world  to  see  what  is  being  done, 
and  to  cull  from  the  various  systems  of  the  world  those 
features  which  appear  to  them  as  being  most  advantageous 
for  adoption  in  their  own  countries.  Thus  we  find  in  the 
Dominions  practice  which  is  a  mixture  of  British  and 
American,  and  perhaps  even  a  little  Continental.  But  as 
the  bedrock  of  it  all,  British  Post  Office  practice  is  out- 
standing. It  hardly  matters  what  the  difficulty  may  be,  it 
is  almost  certain  to  be  solved  by  a  reference  to  "  P.O. 
practice."    If  there  is  doubt  as  to  how  a  particular  material 


Synopsis. 

General. — Introductory.  British  Post  Office  practice.  .Appoint- 
ment of  engineers.     Working  staffs.     Sources  of  supply. 

Administration. — Small  Crown  Colonies.  Large  Crown 
Colonies.  Telegraph  Administration.  Telephone  .A.dmin- 
istration.  Canada,  Australia,  New  Zealand,  South  Africa. 
Amalgamation  of  Railway  Telegraphs  with  Postal  Tele- 
graphs.   Electric  lighting  in  charge  of  telegraph  engineers. 

Engineering. — Overhead  construction. 

Pole  lines  :    Crown   Colonies   and    South    .Africa,    Canada, 

Australia,  New  Zealand. 
Pole  tittings  :  Ditto. 
Line  wire  :  Ditto. 
Farmers'  lines  on  fences,  Canada. 
Telegraph     systems  :     Crown      Colonies,     South     Africa, 

Canada,  Australia,  New  Zealand. 
Telephone  systems  :  Ditto. 
Lightning  dischargers  and  protectors. 

General. 

Introductory. — When  it  was  suggested  to.  the  author  that 
he  should  write  a  paper  on  his  own  experience  as  a 
telegraph  and  telephone  engineer  he  thought  it  desirable 
to  cover  the  wider  field  of  telegraph  and  telephone 
engineering  throughout  the  Dominions  and  Colonies. 
The  fact  that  such  a  paper  had  not  previously  been 
submitted  to  the  Institution  encouraged  the  idea,  and 
the  author's  long  experience  in  South  .Africa  and  his  later 
experience  with  Messrs.  Preece,  Cardew,  Snell,  and  Rider 
in  dealing  with  the  telegraph  and  telephone  work  of  the 
Crown  Colonies,  South  .Africa,  and  New  Zealand,  appeared 
to  warrant  his  undertaking  this  task.  While  he  has  aimed 
at  dealing  as  fully  as  possible  with  what  have  appeared  to 
him  the  more  interesting  features,  the  author  has  had 
to  pass  over  very  many  matters  of  detail  which  he  could 
not  enter  upon  if  the  paper  were  to  be  kept  within  such 
limits  as  would  make  it  acceptable  to  the  Institution. 
For  the  same  reason  he  has  not  dealt  with  wireless,  sub- 
marine, or  railway  telegraphs.  These  subjects,  although 
cognate  to  that  of  the  subject  of  the  paper,  are  branches 
of  engineering  of  such  importance  as  to  deserve  separate 
treatment. 

The  author  has  had  to  supplement  the  data  he  had  in 
his  possession  with  particulars  which  he  has  obtained 
from  the  principal  officials  of  the  .Administrations  of  the 
Dominions  and  Colonies,  and  he  takes  this  opportunity 
to  tender  his  grateful  thanks  to  all  those  gentlemen  who 
have  so  kindly  and  willingly  assisted  him  with  information 
respecting  their  systems. 

Throughout  the  paper  it  has  been  necessary  to  deal 
with  the  great  Dominion  of  Canada  separately.  There 
the  methods  are  based  on  American  practice,  as  dis- 
tinguished   from   British    Post   Office   practice   which    is 


*  Journal  I.E.E.,  1915,  vol.  53,  p.  545. 


92 


WEIGHTMAX  :   COLONIAL   TELEGRAPHS   AND   TELEPHONES. 


or  piece  of  apparatus  should  be  specified,  it  is  at  once  got 
rid  o(  by  the  u<ic/ul  formula  "  To  Post  Office  spccilication." 
«;v.,  .•  .!.,  V  not  permit  of  a  more  extended  tribute  to  the 
uicc  the  engineering  staff  of  the  Post  Office 
u.i>  ,  en  to  the  Colonics.   Their  unfailing  courtesy 

and  ,  in  arc  proverbial  among  Colonial  engineers 

and  ..  '         ;  ;  cciatcd  by  them. 

A-  .  r.s.— In  the  earlier  days,  many  of  ■ 

tis,  ami  iiuiiiy  ofticcrs  of  other  ranks  .is  well, 
III  the  Dominions  and  Colonies,  were  men  who 
.cd  their  training  in  the  v.irious  Home  services. 

1 applies  to  appointments  in  the  Crown  Colonies, 

but  it  is  only  rarely  the  case  now  in  the  Dominions.  The 
educational  institutions  of  these  countries  have  kept  p.ice 
with  the  general  progress,  and  they  arc  not  far  behind 
those  o(  the  Motherland.  In  a  general  wav,  any  youth 
-ti:  ;mc;  at  a  (iovernment  primary  school  can,  with  the  aid 
:ncnt  bursaries,  pursue  his  studies  through  the 
■;(  M'c:h  Schools  until  he  finally  reaches  the 
1  where  he  can  qualify  in  a  degree  of 

i    .-  _  , .it  v.-ilue  to  the  B.Sc.  of  Kngland.     The 

son  of  well-to-do  parents  can  simil.irly  qualify  in  private 

schools,  where  Government  aid   is  not  given,  up  to  the 

s;.it;c   at    which  he  enters  the  I'niversily  College.     The 

t.    '         '  linly  h:is  not  the  same  opportunities  of 

jal  training  that  a  student  engineer  at 

H Willi,  c.iii  ol  ;.iiii  i.i  the  great  workshops  of  thecountrj-.  but 

M5  far  j^  telegraph  and  telephone  engineering  is  concerned, 

;  .     i~  not  so  necessary  as  in  the  ciise  of  students  in  the 

.c.ivier   branch   of   power   engineering,  although  it  is  cf 

course  a  valuable  asset  in  his  training.    So  we  find  the 

youths  of  the   Dominions  qualifying  in  their  respective 

engineering  departments  for  even  the  highest  positions  in 

them.     The  author  has  in  mind  one  Chief  Engineer  of  a 

Dominion  who  has  received   pr.ictically  all    his   training 

in  the  country  in   which    he  now  holds  this  honourable 

position  with  much  credit  to  himself.     But  these  countries 

are  what   may  be  termed  white  men's  countries.     Their 

climates  arc  sufficiently  temperate  for  men  of  Kuropean 

birth  or  parentage  to  live  and  thrive  in  them,  and  what  is  of 

more  importance,  they  can  bring  up  their  children  there. 

There  are,  however,  several  Colonies  in  the  tropics,  such 

11.   Gold    Coast,   Sierra    l>eone,   Ceylon,    British 

1    M.ilav  Slates,  and  the  Colonics  of  the  West 

c  heat,  and  the  highly  electrical  con- 

.'licre  in  some  cases,  arc  so  trying  that 

must  have  the  relief  of  a  change  to  a  temperate 

frequent  intervals.     The  Colonial  Oflice  Leave 

^  wisely  make  generous  provision  in  this  respect 

some   of    these  Colonies,   but   curiously  the 

•  t  arc  not  applied  generally,  and  other  Colonies 

"nditions  are  not  so  well  off. 

:ng   appointinenls    in    these 

ai  I  iiiiLV  will  alwavs  look  for  men  at 

I  that  they  offer  suflicienlly  remuncra- 

y  need  not  fe.v  any  dearth  of  applications 

'  ■  ic  right  sort  for  these  appointments.     But 

I'll    >s  a  tendency  to  parsimony  in  this  respect  in  many 

■   '     t^inicn.     It  i>  true  lliat  highct  salaries  are  offered 

in  similar  po»itions  in   Kngland  are  paid,  but 

I  up   in  the  higher  cost 

.  Kngland  necessary  for 

hcillli  icaM/iit,  iiiul.  il  Ihc  ciigiiiier  be  a  married  man,  in 


the  cost  of  what  practically  amounts  to  maintaining  two 
homes  ;  and  so  in  the  end  the  Colonial  engineer  is  rarely 
as  well  off  financially  as  he  would  have  been  had  he 
remained  here.  In  the  interests  of  Colonial  engineering, 
and  in  the  higher  interests  of  Colonial  administration,  only 
the  l>cst  men  should  be  selected  for  these  posts,  and  men 
of  the  best  type  who  will  alw.iys  have  rcisonablc  prospects 
at  home  will  not  come  forw.ard  unless  the  s.-ilaries  offered 
arc  sufficiently  tempting.  From  conversations  the  author 
h.is  had  Willi  a  number  of  Colonial  engineers,  he  is  con- 
vinced that  gencrallv  there  is  not  a  sufficient  margin 
of  difference  between  the  salaries  they  arc  paid  and 
salaries  in  Kngland.  and  this  is  surely  a  matter  which 
should  receive  the  consideration  of  the  Coloni.il  authori- 
ties. Low  salaries  for  men  in  positions  of  responsibility 
are  false  economy. 

In  another  direction  the  Governments  of  the  Crown 
Colonics  are  very  short-sighted.  They  do  not  encourage 
their  engineers  sufficiently  to  keep  themselves  up  to 
date.  Engineers  do  what  tlicy  can  in  this  respect  by 
reading  the  current  electrical  publications,  but  to  appre- 
ciate a  new  thing  properly,  an  engineer  wants  to  sec  it. 
Many  engnieers  devote  a  good  deal  of  their  holidays  in 
England  to  looking  into  engineering  matters,  but  such 
enthusiasm  and  self-sacrifice  should  not  be  looked  for  as 
a  rule.  A  technical  officer,  on  whose  initi.itive  the 
engineering  methods  of  a  Department  depends,  should 
be  speciall)-  commissioned  by  his  Government  to  visit 
England  at  least  every  three  or  four  years,  to  enable  him 
to  keep  in  touch  with  the  latest  developments. 

Working  staffs.— Wilh  well-trained  staffs  of  European 
ch.aracter,  the  engineers  of  Canada,  Australia,  and  New 
Zealand  are  relieved  of  much  of  the  worry  which  falls  to 
the  lot  of  the  engineers  in  those  countries  where  the  bulk 
of  the  labour  is  black.  In  .\ustralia  there  is  an  Arbitration 
Court,  established  by  Act  of  Parliament,  for  the  investiga- 
tion and  scltlcment  of  labour  disputes,  and  anv  difliculties 
of  this  nature  that  arise  between  the  .\dniinistratioiis  and 
the  working  staffs  of  the  Telegraph  and  Telephone  organi- 
zations are  referred  to  it.  Questions  of  official  status,  and 
the  nature  of  the  duties  to  be  performed  by  e;ich  section 
of  the  staff,  promotion,  salaries,  travelling  allowances,  and 
indeed  all  the  vexed  questions  which  are  the  cause  of 
friction  between  the  Administration  and  the  workers,  arc 
referred  to  this  Court,  and  the  Award  of  the  Court  is 
loyally  accepted  and  acted  upon  by  both  sides.  In  New 
Zealand  there  is  a  Board  of  Appeal  on  somewhat  similar 
lines. 

In  Can.ida  there  is  a  law  under  which  employees  can 
appiv  for  a  Bo.ard  of  Conciliation  to  discuss  differences 
between  themselves  and  their  employers  ;  but  in  rcgaid  to 
this,  one  high  official  in  Can.ida  remarks  ;  '•  It  is  a  debatable 
question  whether  it  is  of  any  advaiil.ige  to  either  employers 
or  employees." 

In  South  Africa,  and  in  most  of  the  Crown  Colonies,  the 
rough  labour  is  performed  almo>(  entirely  by  men  of  the 
native  races,  while  generally  the  positions  of  control  are 
held  bv  Europeans.  In  Ceylon  the  main  supply  of  Libour 
is  drawn  from  the  South  of  India.  The  linemen  arc 
appointed  from  this  class,  and  they  arc  supervised  by 
overseers  of  the  "  burgher  "  class,  who  are  of  lutive-Dutch 
and  native-Portuguese  extraction.  All  |x)sitions  higher 
than  that  of  overseer  .ire  held  by  Europeans. 


WEIGHTMAN  :   COLONIAL   TELEGRAPHS  AND   TELEPHONES. 


93 


In  British  East  Africa  and  Uganda  the  unskilled  labour 
is  mainly  obtained  from  the  native  negro  population. 
Linemen  are  sometimes  promoted  from  the  construction 
gangs,  but  these  positions  are  generally  given  to  resident 
Indians,  who  are  more  intelligent.  Inspectors  are  appointed 
from  England. 

In  Nigeria  the  negro  and  negroid  natives  supply  the 
labour.  The  more  intelligent  of  these  men  are  appointed 
as  linemen.  Inspectors  and  foremen  are  obtained  from 
England,  but  men  for  these  positions  are  now  being  pro- 
moted from  the  clerk  class,  which  is  drawn  from  the  better 
educated  of  the  natives. 

In  the  Malay  States  there  is  a  mixture  of  races,  including 
the  native  Malays,  Tamil  Indians,  and  Chinese,  but  all 
speak  the  language  of  the  Malays.  Here  the  best  of 
these  men  are  selected  for  the  positions  of  linemen  and 
inspectors. 

In  South  Africa  practically  all  skilled  work  is  done,  and 
all  supervising  positions  are  held,  by  Europeans.  The 
rough  work  is  done  b}'  the  natives,  and  many  natives  are 
also  employed  as  unskilled  linemen.  The  Cape  "  boys " 
of  the  Cape  Province  are  decidedlj'  more  intelligent  and 
reliable  than  the  men  of  the  other  native  races,  and  they 
make  fairly  good  linemen.  In  the  Orange  Free  State  and 
the  Transvaal  the  labour  is  mainly  drawn  from  the  Basuto 
and  Zulu  races,  and  in  Natal  it  is  got  from  the  natives 
of  Natal  and  Zululand.  These  natives,  although  sufficiently 
intelligent,  are  too  indolent  to  be  trained  in  any  duties 
which  call  for  a  higher  mental  effort  than  that  required  to 
see  and  to  use  their  hands.  They  are  unable  to  read  or 
write,  and,  generally  speaking,  they  do  not  want  to  learn 
to  do  so.  They  have  absolutely  no  conception  of  the 
technicalities  of  the  work,  or  the  "  why  "  and  the  "  where- 
fore" of  things,  and  initiative  and  resourcefulness  are  quite 
foreign  to  their  nature. 

In  white  countries  there  is  usually  not  sufficient  work 
for  all,  and  unemployment  is  always  present,  but  in  South 
Africa  the  position  is  reversed.  All  departments  of  industry 
are  hampered  by  the  disinclination  of  the  natives  to  work. 
Where  they  are  employed  as  linemen  there  is  not  that 
continuity  of  service  which  is  desirable,  and  their  utter 
lack  of  sense  of  responsibility  is  the  cause  of  much  anxiety 
to  the  engineer.  Engineers  in  all  the  black  Colonies  have 
the  same  experience  in  this  respect,  and  in  some  cases 
their  difficulties  are  increased  by  the  refusal  of  their 
Governments  to  provide  adequate  supervision.  In  tropical 
and  semi-tropical  countries  it  is  only  by  constant  and 
careful  attention  that  the  lines  can  be  kept  free  from  trees 
and  undergrowth,  and  insect  troubles  ;  and  without  good 
supervision  of  the  native  linemen  the  lines  are  bound  to 
suffer. 

In  Natal  all  sections  of  railway  line  with  important 
railway  signalling  circuits  and  apparatus  on  them  are 
in  the  charge  of  European  linemen,  who  are  assisted 
by  native  linemen.  Ordinary  line  sections  away  from  the 
railways  are  under  native  linemen,  each  having  a  defined 
length  to  look  after.  They  are  not  allowed  to  touch  the 
instruments.  Many  of  the  lines  run  across  country,  miles 
away  from  any  road,  and  it  is  a  native  lineman's  duty, 
usually  under  the  direction  of  the  postmaster  of  his  head- 
quarters station,  to  attend  to  faults  on  his  section  and  also 
to  keep  his  section  of  line  in  thorough  order  ;  but  although 
he  could  be  depended  upon  to  do  his  best  to  find  and 
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remove  a  line  fault,  no  dependence  could  be  placed  upon 
his  movements  when  he  was  sent  out  on  ordinary  main- 
tenance work.  To  ensure  a  better  check  upon  the  lineman, 
the  "line  inspection  report"  form,  reproduced  in  the 
-Journal,--  was  brought  into  use,  and  with  it  better  work 
resulted. 

The  rates  of  pay  to  Europeans  in  the  Dominions  and 
Colonies  vary  generally  with  the  cost  of  living,  and  any 
reference  to  them  would  be  liable  to  be  misleading, 
unless  the  living  expenses  and  the  local  conditions  in  each 
case  were  also  stated. 

Soiircfs  of  supply  and  delays  in  delivery. — Of  all  the 
Dominions  and  Colonies  Canada  is  the  only  one  that  has 
made  any  headway  in  the  manufacture  of  apparatus  and 
material  for  telegraph  and  telephone  purposes.  Practi- 
cally all  wire,  cable,  subscribers'  instruments,  and  manual 
exchange  equipment  used  throughout  the  telephone  ser- 
vices of  the  country  .are  made  in  the  Dominion.  Automatic 
exchange  apparatus,  where  this  is  in  use,  is  obtained  from 
the  United  States,  but  even  this  is  now  being  assembled 
and  built  up  in  Canada.  Copper  wire,  iron  wire,  and  pole 
fittings  are  also  made  to  a  large  extent.  Telegraph 
apparatus  is  generally  got  from  the  States,  and  also  the 
glass  insulators  so  largely  used.  Porcelain  insulators, 
where  these  are  used,  have  been  obtained  to  some  extent 
from  the  Continent. 

In  Australia,  cast-iron  pipes,  stonew-are  conduits,  copper 
tapes  and  binders,  and  certain  of  the  pole  fittings  are 
manufactured  in  the  country.  Prior  to  1913,  practically 
.all  the  insulators  used  came  from  Germany,  but  insulators 
of  both  porcelain  and  stoneware  are  now  being  made 
within  the  Commonwealth.  A  fair  amount  of  magneto 
telephone  apparatus  and  switchboard  material  is  obtained 
from  Sweden,  while  some  of  the  larger  exchange  switch- 
board plant  and  the  Strowger  automatic  apparatus  now 
being  introduced  come  from  America.  Wire,  cable, 
telegraph  apparatus  generally,  and  material  of  a  kindred 
nature  are  obtained  almost  exclusively  from  Great  Britain. 
It  is  the  rule  to  invite  tenders  for  all  supplies  and  to  give 
preference  to  goods  of  British  manufacture. 

The  other  Dominions  and  Colonies  import  practically 
all  their  plant.  This  is  largely  obtained  from  England, 
but  qu.antities  of  telephone  apparatus,  especially,  have  in 
the  past  been  supplied  from  both  tlie  Continent  and  the 
Lfnited  States. 

The  great  distances  these  countries  are  situated  from 
their  sources  of  supply,  and  the  delays  in  delivery  that 
have  taken  place,  have  been  serious  drawbacks  to  the 
smooth  working  of  most  of  the  Colonial  engineering 
departments.  The  engineer  in  a  Colony  has  to  prepare 
his  estimates  of  expenditure  well  in  advance,  but  he 
cannot  send  off  his  indents  for  materials  until  the  funds 
are  actually  sanctioned  by  his  Government  and  voted  by 
his  Legislature.  His  estimates  cover  new  works  which 
cannot  be  proceeded  with  until  the  materials  arrive,  and 
as  it  takes  anything  from  three  to  twelve  months  to  get 
supplies  from  British  manufacturers,  it  follows  that  in 
many  cases  the  votes  have  lapsed  to  the  Treasury  before 
the  materials  reach  him,  the  money  is  no  longer  available, 
and  the  work  cannot  go  on  until  the  "  ins-and-outs "  of 
the  whole  matter  have  been  explained  to  the  Government. 
In  the  meantime  the  workmen,  who  have  been  retained  in 
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ai,  \    (I    :    c    r,i>:<^:;.>i    c mm;;   to   hand  within    a 

ti  -me   have  haH  little  or  iiolliing  to  do,  but  their 

K.,  c  same.     Stroiii;  com- 

p.  :.:;il  engineers   in   this 

t  T  wouiJ  like  to  impress  iipvon 

r.  •         „   >i-;i  and  telephone  plant  the  great 

u,  IS  for  the  more  prompt  execution  of  orders 

fft..,.  .  .^  ,.,. Ionics.  Before  the  War,  it  was  no  uncommon 
thing  to  heir  an  engineer  say  he  would  not  put  up  with 
t'  iicss  of    Rrilish    manufacturers,   and   that   he 

u  !    his   orders  to   the   Continent,  and   in   some 

1  -   were  actually  sent  there. 

'IIS  and  in  some  Colonies  these  difficulties 
an-  jioi  over  by  the  establishing  of  "reserve  stores"  in 
whu'h  ample  supplies  arc  kept  to  meet  all  ordinary 
demands.  This  is  a  plan  which  every  Colony  with  any 
considerable  system  should  adopt.  It  involves  the  sinking 
of  a  certain  amount  of  capital  in  the  stock,  but  the  con- 
venience and  the  saving  of  money  in  workmen's  wages  are 
worth  more  th.in  the  amount  of  interest  incurred.  Under 
tl.  ■  ■  rials  are  purch.ascd   from  the  stores, 

a;.  1  the  stores  account  is  credited  with 

then  value  from  the  funds  provided  for  the  works  for 
which  they  are  required.  Delays  in  carrying  out  works 
arc  thus  reduced  to  a  minimum. 

Adminmstratiox. 

The  methods  of  administration  throughout  the  Colonics 
arc  naturally  varied  to  meet  the  local  conditions,  but  in 
all  the  Dominions  (with  the  exception  of  Canada)  and 
al-o  in  all  the  larger  Crown  Colonics  the  telegraphs  and 
telephones  are  combined  with  the  postal  service  of  the 
country,  and  the  I'ostmastcr-Gencral  is  the  officer  rcspon- 
siWr  In  thcCiovcrnment  for  the  proper  management  of  the 
'  1  as  a  whole.     In  some  instances  the  oflfjcc  of 

I'  Gener.il  is  a  political  one,  and  in  such  a  case 

the  permanent  head  of  the  Department  is  the  Secretary 
as  in  Kngland. 

Small  Crown  Colonia. — In  some  of  the  smaller  Colonies 
W     '  I  xchangcs    have   been   established   by   private 

I.  IS   at    Hong-Kong,  .Singapore,  Port   of   Spain 

'  i  and     Kingston    (Jamaica; ;    but    apart    from 

I  ill-graph  and   telephone  systems  are  generally 

on  so  small  a  scale  that  tlicy  do  not  justify  the  appoint- 
ment of  a  fully  qualified  telegraph  or  telephone 
engineer  to  control  them,  and  so  this  duty  falls  to  the 
hard-worked  man  of  many  parts,  the  colonial  public 
WDik*  engineer,  whose  responsibilities  in  a  Colony  of 
f  ■  ■   in    mind  will  include  everything  of   an 

I  ire  from  hiibour  works  to  cU-ctric  bells. 

'  '  cr  there  will  perhaps  be  a 

'■  .      lor,  who  is  often  a  man  of 

(  and   who  will   at   any  rale  relieve  him 

f'  '  the  practical  part  of  the  work.     For 
■''  >al  nature  in  which  he  is  not  quite 

■  ■'   ■      •    '  '  csiLite  to  obLiin  advice 
<■  ,;id. 

Ill   tilt  l.ir  we 

II  on  the  |'.i>l 

'  a  scitclary, 

••  ■'')'•  '"tl  other 

ofticcrt   boMing  poiitiont  ol   rotpontibilily  on   the  l'o»t 


I  Office  side  of  the  Department  Also  a  chief  engineer,  with 
engineers  in  charge  of  divisions  or  districts,  e.ach  with  the 
requisite  staff  of  insfKrclors,  linemen,  and  construction 
workmen  under  him.  It  is  both  convenient  and  ccono- 
nomic.ll  to  combine  the  st.iffs  of  the  postal  and  telegraph 
and  telephone  services  of  a  country  under  the  one  adminis- 
tration. Unfortunately,  under  this  system  there  is  a 
tendency  for  the  commercial  staff  to  assume  functions 
which  are  liable  to  bring  them  into  conflict  with  the 
engineering  section,  with  a  serious  loss  of  efficiency  to 
the  latter.  The  officer  who  is  responsible  for  the  traffic 
and  operating  sections  of  the  organization  is  inclined  to 
see  things  only  from  the  point  of  view  of  the  traffic  side, 
and  the  views  of  the  engineer  .ore  therefore  liable  to  be 
subordinated  to  his.  It  has  been  argued  that  the  engineer 
should  be  directly  responsible  to  the  Colonial  Secretary, 
but  this  arrangement  would  not  he  likely  to  work  well  in 
practice.  It  is  most  desirable  that  tlic  relations  between 
the  head  of  the  department  and  the  engineer  should  be  of 
an  amicable  nature.  If  the  engineering  section  may  be 
compared  with  the  m.iinspring  of  a  machine  the  adminis- 
tration may  be  looked  upon  as  tlie  governor,  and  it  is 
'  only  when  there  is  a  nice  adjustment  of  the  two  parts 
that  the  smooth  running  of  the  machine  is  ensured.  The 
efforts  of  the  mo-st  capable  engineering  bmly  in  the  world 
may  be  thwarted  and  the  engineers  themselves  discouraged 
I  if  there  is  undue  interference  and  a  lack  of  sympathy  and 
>  support  from  the  I'ostmaster-Gcneral  and  his  staff .  Proper 
'  consideration,  and  the  recognition  of  good  work  done,  will 
inspire  a  staff  to  its  best  efforts,  while  rough-.shod  methods 
will  have  the  opposite  effect. 

Dominions:  TcU,^raph  adminihti alien. — So  far  as  the  tele- 
graphs are  concerned  the  .idniinistration  is  a  comparatively 
simple  and  straightforward  business.  The  main  feature  of 
note  is  that  more  care  is  given  to  the  consideration  of  traffic 
matters  than  used  to  be  the  case.  Following  the  example 
of  the  Home  Department,  more  attention  is  given  to  com- 
paring the  merits  of  the  various  systems  of  telegraphy  for 
the  differing  traffic  conditions  and  to  selecting  that  which 
is  the  most  suitable  in  each  case.  Where  the  traltic  is 
I  of  sufficient  volume  special  officers  are  appointed  to  watch 
it  and  to  suggest  the  l-vcst  routes  for  circulation  and  the 
most  economical  methods  of  dealing  with  it.  The  old 
practice  of  using  one  standard  system,  like  the  simple 
Morse  in  one  or  other  of  its  forms,  for  all  conditions 
of  traffic  is  giving  way  and  up-to-date  type-printing 
systems  are  already  in  use. 

TeUf'honc  adminislralion. — Telephone  administration  is 
,    a  more  complex  question.     It  is  really  a  large  subject  in 
•    itself,  and  the  scope  of  this  paper  will  not  allow  the  author 
'    to  do  more  than   deal  briefly  with  it.     In  America  more 
than  aiivwhcrc  else  it  has  been  studie<l  and  developed  .  ito 
what  m.iy  f>e  called  a  fine  ait,  particularly  by  the  American 
Telephone   and   Telegraph    Comp.mv,   whose   operations 
extend  over  the  whole  of  the  United  States.     This  Com- 
pany's methods  arc  the  result  of  many  years'  cx|>erience 
in  the  management  of  what  is  undoubtedly  the  largest  .ind 
most   complex  amalgamation  of   teleptione  enterprises  in 
the    world.     Formerly    (he    organisation    was    based   on 
geographical  or  territorial  considerations.     There  was  an 
administration,  with  a  hcadqiurters  stal'f  for  the  organisa- 
tion, which  was   roughly    divided   into    two  departments, 
I   viz.  the  operating  and  (he  engineering.     Kach  local  dis- 
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trict  was  controlled  by  one  officer  who  was  responsible  to 
headquarters  for  all  sections  of  the  work,  as  was  formerly 
the'  case  under  the  late  National  Telephone  Company's 
organization  in  England.  But  with  the  great  develop- 
ment of  the  service  which  attended  the  Company's  methods 
of  management,  this  system  proved  to  be  unsuitable  ;  it 
was  not  flexible  enough  to  cope  with  the  tremendous 
development.  Specialization  in  the  various  branches  of 
the  work  was  found  to  be  necessary,  and  a  new  sj'stem 
called  the  "  Functional  System  "  was  introduced.  Under 
this^system  the  organization  is  divided  into  three  sections, 
viz.  traffic,  engineering  (or  plant  as  it  is  termed),  and  com- 
mercial, and  on  the  headquarters  staff  a  specially  qualitied 
officer  is  placed  in  charge  of  each  section.  In  each  division 
the  work  is  similarly  divided  ;  there  is  an  officer  in  charge 
of  each  section  of  the  work  and  each  is  directly  respon- 
sible to  the  headquarters  chief  of  his  section.  The  duties 
and  responsibilities  of  the  officers  of  each  section  are  care- 
fully defined,  but  they  are  so  correlated  that  a  certain 
amount  of  overlapping  is  unavoidable  and  the  success 
of  the  system  really  lies  in  the  degree  to  which  the  three 
responsible  ofhcers  are  prepared  to  co-operate  with  eacli 
other.  This  applies  not  only  to  the  tlnee  headquarters 
chiefs  but  also  to  the  divisional  officers.  This  feature  of 
the  system  is  claimed  to  be  one  of  its  chief  advantages, 
inasmuch  as  it  necessitates  the  full  verbal  discussion  of 
a  subject  in  all  its  bearings  before  it  is  reported  upon,  and 
much  time  and  correspondence  are  thus  saved. 

Canada. — The  telegraph  and  telephone  services  of 
Canada  are  quite  separate  from  each  other,  as  in  the 
United  States.  Sections  of  the  telegraph  system  scattered 
throughout  the  country  and  including  a  considerable  mile- 
age of  submarine  cable,  are  under  the  Government,  and 
these  are  connected  up  through  the  lines  of  the  public 
companies.  By  far  the  larger  portion  of  the  system  is 
in  the  hands  of  the  great  North-Western  Telegraph  Com- 
pany and  the  telegraph  departments  of  the  two  great 
railway  companies,  the  Canadian  Pacific  and  the  Grand 
Trunk.  The  telegraph  organizations  of  these  railway 
companies  are  responsible  for  botli  commercial  and  rail- 
way telegraphs,  including  all  the  other  electrical  systems 
and  train  dispatching  services  in  connection  with  the 
working  of  the  railway's.  The  operations  of  the  Companies 
are  subject  to  the  Dominion  Railwaj'  Act,  which  is  ad- 
ministered by  a  Bo.ard  of  Commissioners.  There  is  no 
active  competition  between  the  different  administrations. 
Each  has  its  defined  sphere  of  operations,  and  adequate 
communication  between  the  different  systems  is  provided. 
The  form  of  administration  adopted  by  the  Companies  is 
comparable  with  that  of  the  railway  companies  of  Great 
Britain.  The  Government  Department  is  controlled  by 
a  general  superintendent  under  the  office  of  the  Minister 
of  Public  Works. 

The  telephone  services  of  Canada  are  partly  in  the  hands 
of  the  Provincial  Governments  and  partly  under  private 
and  rural  companies.  In  the  Provinces  of  Manitoba, 
Alberta,  and  Saskatchewan  they  are  controlled  and  mainly 
owned  and  operated  by  the  local  Governments,  but  there 
are  also  private  telephone  companies  and  municipally 
owned  exchanges  in  operation.  In  the  other  parts  of  the 
country  the  telephones  are  in  the  hands  of  private  com- 
panies, some  of  them  operating  over  large  areas  of  country. 
There  is  no  real  competition  between  the  large  adminis- 


trations. Each  has  its  particular  area  of  operations,  and 
the  exchange  and  long-distance  services  are  carried  on 
witliout  opposition.  The  rural  companies  are,  however, 
frequently  started  in  competition  with  the  ruling  company 
and  intercommunication  difficulties  arise.  The  telephone 
companies  operate  under  the  Dominion  Railway  Act  in  the 
same  way  as  the  telegraph  companies.  Where  a  question 
of  interconnection  between  any  company's  S3'stem  and  the 
long-distance  lines  of  another  company  arises,  the  Board 
of  Commissioners  have  the  power  to  direct  what  shall  be 
done  and  they  determine  the  terms  as  to  compensation  on 
the  merits  of  the  case.  The  Bell  Company  of  Canada 
connect  both  for  long  distances  and  local  purposes  with  a 
large  number  of  non-competitive  systems,  but  the  question 
of  the  terms  upon  which  connections  should  be  given  with 
competitive  systems  is  now  before  the  Board. 

In  the  three  provinces  already  named  each  system  is 
obliged  by  law  to  give  connection  to  all  the  others,  and 
the  long-distance  lines  of  the  three  provinces  are  also 
inter-connected. 

The  construction  of  rural  lines  by  independent  local 
companies  for  the  purpose  of  giving  telephone  service 
to  farmers  is  much  encouraged  by  the  various  Provincial 
Governments,  and  in  this  respect  Canada  is  a  shining 
example  to  the  other  Dominions  and  Colonies.  The 
Regulations  of  the  Saskatchewan  Provincial  Government 
under  which  these  companies  are  formed  are  typical. 
The  companies  are  not  allowed  to  operate  their  S3'stems 
within  towns  or  villages.  The  lines  are  built  to  a  standard 
laid  down  in  very  complete  specifications  and  instructions 
prepared  by  the  Government  Department  of  Telephones, 
and  no  rural  line  is  allowed  connection  with  a  Government 
exchange  or  long-distance  line  unless  it  has  been  passed 
and  accepted  as  satisfactory  by  an  officer  of  the  DeparJ;- 
ment.  A  metallic  circuit  is  required  in  each  case,  and  not 
more  than  lo  instruments  are  allowed  on  one  circuit. 
Poles  for  the  construction  of  the  lines  can  be  obtained 
from  the  Government  at  cost  price.  The  regulations  are 
most  comprehensive.  They  include  full  directions  as  to 
the  procedure  necessary  for  tlie  formation  of  a  company, 
and  they  are  encouraging  to  a  high  degree  to  farmers  to 
club  together  and  provide  their  own  communications  at  the 
lowest  possible  cost.  The  specifications  are  accompanied 
by  drawings  and  they,  also,  are  so  comprehensive  that 
but  little  difficulty  is  experienced  by  the  farmers  in  con- 
structing their  own  lines  themselves. 

The  form  of  administration  adopted  by  most  of  the 
administrations  is  on  "Territorial"  lines,  but  in  some  cases 
it  is  "  Semi-Functional." 

Australia. — In  the  great  Commonwealth,  the  telegraphs 
and  telephones  are  a  close  monopoly  under  the  Post  Office. 
The  Postmasftr-General  is  the  Parliamentary  head  of  the 
Department,  and  the  permanent  head  is  the  Secretary.  In 
each  of  the  States  the  local  head  is  designated  the  Deputy 
Postmaster-General,  and  all  sections  of  the  Department, 
including  the  Engineering  Branch,  are  under  his  control. 
The  Chief  Electrical  Engineer  at  Headquarters  is  respon- 
sible to  the  Secretary,  but  his  position  is  largely  consulta- 
tive, and  there  is  not  that  direct  line  of  control  over  the 
engineering  organizations  of  the  various  States  which  is 
usual.  He  communicates  direct  with  the  head  engineers 
in  the  States  upon  all  technical  matters,  but  notwithstand- 
ing this,  there  has   not  been  that  close  co-ordination  of 
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engineering  practice  which  is  possible  under  a  centralized 
form  of  administration.  The  system  no  doubt  has  its  root 
in  the  form  of  tiovcrnment  adopted  under  the  constitution 
{),  wealth.     This,   as  is   well    known,  is  on 

fi-  1    it   reserves   to   the   individual    St.ites 

ci  -  which  .are  jealously  gu.arded,  but 

^v:  cc  to  that   deijrcc  of   ccntr;ilization 

of  administration  which  has  resulted  under  the  unification 
principle  adopted  in  South  Africa.  There,  the  original 
independent  States  have  become  pronnccs,  and  they 
are  completely  subservient  to  the  headquarters'  ad- 
ministration. 

r  Department's  Regulations,  it  is  provided  that 

li:  lie  use  in  country  districts  which  may  not  be 

in-  remunerative    to   the    Department,   may   be 

crt  ;cr  a  system   of   guarantee,  under  which  the 

Dep-irtment  bears  50  per  cent  of  the  estimated  annual  loss. 
This  loss  is  computed  on  the  estimated  cost  of  construction 
and  the  cost  of  maintenance  and  operating,  and  the  balance 
of  the  loss  is  borne  by  those  interested  in  the  construction 
of  the  lines.  In  other  cases,  the  local  residents  are  per- 
mitted to  erect  the  lines  themselves,  to  the  Dcp.artmcnt's 
specifications,  and  at  the  Dep.-irtment's  expense,  provided 
that  the  work  is  carried  out  at  such  a  cost  as  will  bring  it 
within  the  guarantee  Regulations.  It  is  found  that  the 
local  people  can  cirrj-  out  the  work  at  a  cheaper  rate  than 
the  Government  Department,  owing  to  their  being  in  better 
touch  with  the  local  labour  supply,  and  with  the  transport 
and  other  local  facilities. 

The  fullest  encouragement  is  given  to  persons  living  in 
the  country  to  erect  their  own  lines,  either  individually,  or 
conjointly  with  their  neighbours,  for  connection  with  post 
offices  or  cxcb.inges,  and  the  Department  furnishes 
applicants  with  all  the  information  they  may  require,  both 
as  to  the  best  means  of  establishing  connections,  and  as  to 
the  class  of  construction  best  suited  to  their  requirements. 
Where  such  lines  are  erected  over  private  lands,  the  method 
of  construction  is  at  the  option  of  the  persons  constructing 
the  lines,  but  where  they  pass  over  public  land,  or  across 
railway's,  or  roads  or  places  accessible  to  the  public,  the 
method  of  construction  and  the  poles  and  other  materials 
i:  !  to  the  approv.-il  of  the   Department.     If 

1  10  the  Department  arc  already  in  existence, 

the  lines  may  be  erected  on  them  at  the  cost  of  the  persons 
concerned,  and  subject  to  a  nominal  annual  rcnt.-d  for  the 
use  of  the  poles,  but  in  this  case  the  direction  and  control 
of  the  work  of  erection  rests  with  the  Departments  officers. 
The  railway  lines  arc  administered  separately  from  those 
<  ■  '  ■  i  Office.  In  cerUin  cases,  the  I'ost  Oflicc  lease 
V  c  railways,  or  erect  wires  for  them  on  teVms 

».,!,..,  ^c  mutually  applicable,   but  there   is   no  divided 
tontr'I  r.vrr  nnv  of  the  Department's  lines. 

Sf  -In  New  Zealand  the  Postm-obter-Ciencral 

IS  a  J    aiccr,  and  the  Secretary  is  the  perm.ment 

head  of  the  Administration.     In  the  districts  the  chief 
.ti.....   .       ..1,..)   "Tiie   Telegraph   Kngincer"   and   he   is 

'.c  thief  Engineer  at  headquarters  who  is 

10    the    .Secretary-.      The    system    of 

c-  whirh  h-n  l-K-cn  built  up  with  the 

l>c  said  to  follow 

has    a    complete 

ics  of  the  country, 

1)  of  priv.tlc  com- 


panies for  the  establishment  of  rural  or  other  lines.     L'nder 
the  Telegraph  Act  no  person  or  persons  may  construct 
telegraph  or  telephone  lines  for  hire  or  profit,  but  there  is 
no  hindrance  to  persons  erecting  lines  for  their  own  use. 
Many  such  lines  have  been  put  up  by  farmers  in  the  back 
blocks  of  the  country  where  the  Government  do  not  feel 
warranted  in  spending  money  on  lines  which  offer  little 
prospect  of  paying  tlivir  way.     Such  lines  usually  terminate 
in  a  Government  office  or  excliangc  where  they  are  given 
connection  with  the  Government  system.     They  are  usually 
built  as  cheaply  as  possible,  and  the  service  is  generally 
inferior  and  faults  are  of  frequent  occurrence.     In  some 
cases  the  farmers  establish  small  local  exchanges  to  which 
the  Government  run  trunk  circuits  to  give  connection  with 
the  main  system.     The  farmers  make  their  own  arrange- 
ments as  to  the  working  of  the  local  exchange,  and  they 
pay  the  Government  only  for  such  calls  as  go  through  on 
the  trunk  lines.     In  other  cases  the  Government  connect 
up  with  the  private  lines  one  or  two  miles  aw.ay  from  the 
exchange  as  may  be  arranged.     The  Government  exercise 
no  super%'ision  or  authority  over  these  private  installations. 
The  Postal  Department  have  no  control  over  the  lines  or 
electrical  systems  of  the  railways  of  the  country  except  in 
cases  where  wires  are  erected  on  the  Department's  poles 
for  the  use  of  the  railways,  and  in  these  ca^es  the  railways 
pay  for  the  maintenance  of  the  wires.     There  is  no  divided 
control  over  the  lines  and,  generally  speaking,  each  adminis- 
tration has  its  own  separate  pole  lines  and  arrangements. 
South  A/rica.— In  South  Africa  the  telegraphs  and  tele- 
phones are  also  under  the  Postmaster-General,  who  is 
the  permanent  head  of  the  Administration,  the  political 
chief   being   designated   "  ^^lnister  for   Posts  and  Tele- 
graphs."    Of    all   the   Dominions  outside   Canada   whose 
telephones  are  administered  by  a  Government  dep.irtment 
South  Africa  is  the  first  to  adopt  the  "  functional "  system. 
Prior  to  the  unification   of   the   South    African   Colonies 
each  Colony  had  its  separate  Administration.     With    the 
advent  of  the  Union  the  separate  administrations  ceased 
to  exist,  all  were  merged  in  the  one  central  administration 
and  a  system  closely  allied  to  the  "  territorial  "  which  had 
been  in  force  in  the  Cape  Colony  was  applied  to  the  whole 
of  the  Union.  The  country  was  divided  into  seven  districts 
for  administrative  purposes,  and  the  officer  in  charge  of 
each  was  designated   '•  survej-or   and   district    engineer.' 
Under   him   an   engineering   officer  was  appointed,  who 
'    was  responsible  to  the  "  district  engineer  '  for  the  engi- 
neering side  of   the  work.     He  did   not,  however,  come 
directly   under   the   chief   engineer ;    all   correspondence 
I   and    official    communications    between    the    district    and 
the    headquarters    office   p.Tsscd   through    the   "surveyor 
'   and  district  engineer.'      The  chief  officer  of  the  dislrict 
was     therefore    expected    to    be   an    expert    in    all    the 
intricacies   of    Post    Office    work,  in  telegraph  and  tele- 
phone traffic  arrangements,  and  also  in  the  technicalities 
of  the  engineering  side  of  the  great    Dep.artmcnt.     How 
many  masters  he  had  to  serve  at  headquarters  it  would  be 
I    hard  to  say,  but  it  is  quite  likely  that  in  an  extreme  case 
he  would   Itavc   to  address   the    Postmaster-General,  the 
Secretary,  and   the  Chief  Kngineer  on  diflfcrent  aspects 
I    of  the  same  question.     With  the   great   development  of 
1    the  telephone  system  this  method  of  administration  was 
found  to  be  unsiiit.ihlc.  and   following  a  tour  of  invcsti 
gallon  of  the  princip.il  telephone  organizations  of  Kiiiopc 
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and  America  by  the  chief  engineer,  the  "  functional " 
system  was  recommended  by  him  and  adopted  by  the 
Postmaster-General.  It  was  introduced  about  three  years 
ago  and  the  Postmaster-General  when  in  England  last 
year  informed  the  author  that  the  system  was  working 
with  the  greatest  satisfaction. 

Under  a  commercial  administration  it  can  easily  be 
conceived  that  this  system  will  work  satisfactorily.  Any 
disinclination  on  the  part  of  an  officer  to  work  up  to 
the  standard  degree  of  earnestness  of  co-operation  would 
no  doubt  result  in  his  being  degraded,  but  Government 
officials  could  not  be  treated  in  this  summary  manner. 
Moreover,  the  capacity  for  co-operation  varies  with 
the  individual,  and  is  as  varied  as  human  nature  itself. 
Obviously,  therefore,  this  system  is  only  suitable  for 
adoption  where  the  organization  is  on  a  sufficiently  large 
scale.  There  must  be  a  big  field  from  which  to  select 
the  responsible  officers.  In  South  Africa  the  great  ex- 
pansion of  the  system  called  for  a  new  method  of 
administration,  each  stride  in  the  development  brought 
increased  complexity  of  apparatus  and  plant ;  greater 
specialization  was  required  and  the  time  was  ripe  for  a 
change.  But  the  change  proposed  was  a  very  drastic 
one,  and  it  required  great  courage  on  the  part  of  the 
chief  engineer  to  bring  it  forward,  and  on  the  part  of 
the  Postmaster-General  to  accept  and  adopt  it.  On  the 
part  of  both  there  was  a  feeling  of  absolute  confidence 
in  the  zeal  and  in  the  capacity  of  the  splendid  staff  of  the 
Department  to  rise  to  the  new  conditions  and  to  show 
that  a  S)'stem  which  is  a  great  success  under  commercial 
conditions  can  be  equalh'  successful  when  applied  to 
a  Government  Department. 

Amalgamation  of  Goz'cniment  railway  telegraphs  with 
postal  telegraph  systems. — In  practically  all  the  Colonies 
and  Dominions  the  railwa3'S  belong  to  the  State,  and  in 
some  of  the  smaller  Colonies  a  feature  of  the  Adminis- 
tration is  the  amalgamation  of  the  railway  telegraph 
engineering  and  electrical  signalling  systems  with  the 
Engineering  Department  of  the  Post  Office.  This  arrange- 
ment was  in  force  in  Natal  during  the  whole  of  the 
author's  time  there,  and  it  worked  verj*  satisfactorily  for 
both  railwa}'  and  postal  departments.  The  maintenance 
expenditure  was  apportioned  as  nearly  as  possible  so  that 
each  department  paid  its  fair  share.  The  cost  of  new 
work  was  met  by  the  department  incurring  it.  A  new 
pole  line  erected  for  the  joint  use  of  the  two  departments 
was  paid  for  in  proportion  to  the  number  of  wires  erected 
for  each  department.  All  railway  stations  were  also  public 
telegraph  offices.  Public  telegrams  were  sent  over  the 
railway  department's  wires,  which  were  in  all  cases  con- 
nected through  to  Post  Offices,  so  that  each  station  was 
able  to  send  its  public  telegrams  direct  without  retransmis- 
sion to  the  postal  system.  This  also  facihtated  the  testing 
of  railway  wires,  which  was  done  entirely  by  the  Post 
Office.  The  Post  Office  paid  the  railway  department 
a  small  rate  per  message  for  all  public  telegrams  dealt 
with  at  each  station,  and  in  this  w.iy  the  railway  depart- 
ment received  payment  for  the  work  done  by  its  officers. 
The  system  worked  most  satisfactorily  and  the  public 
reaped  the  advantage  which  arose  from  every  railway 
station  being  also  a  public  telegraph  office. 

It  was  a  cardinal  rule  that  the  railw.ay  department's 
engineering  work  should  always  take  precedence,  and  it 


did  not  matter  at  what  time,  day  or  night,  a  fault  occurred 
on  the  nailway  department's  electric  train  staff  system,  it 
was  the  sectional  lineman's  duty  to  attend  to  it  at  once. 
The  arrangement  undoubtedly  resulted  in  the  saving  of 
money  to  the  Colony.  The  same  pole  lines  were  used  for 
both  postal  and  railway  wires,  and  there  was  no  clashing 
of  interests  when  additional  wires  had  to  be  erected,  and 
no  obstacle  to  the  best  and  most  economical  proposals 
being  made  for  any  scheme  put  forward  by  either  railway 
or  postal  department.  There  was  one  staff  for  the  en- 
gineering work  of  both  departments,  and  the  overlapping 
of  duties  which  would  have  resulted  if  each  department 
had  had  a  separate  staff  was  avoided  ;  the  same  standard 
types  of  materials,  in  the  charge  of  one  stores  department, 
were  used  on  both  departments'  systems.  All  electrical 
signalling  systems  are  of  a  cognate  character  and  come 
naturally  within  the  scope  and  training  of  telegraph  en- 
gineers and  linemen,  and  any  Colonial  .Administration 
which  may  contemplate  such  an  amalgamation  need  have 
no  fear  for  the  results  provided  a  capable  and  well-organized 
staff  is  available. 

Electric  lighting  in  charge  of  telegraph  and  telephone 
engineers.— Under  some  administrations  telegraph  and 
telephone  engineers  are  required  to  carry  out  the  de- 
partmental electric  lighting  work,  and  it  is  a  highly 
debatable  question  whether  this  principle  is  a  good  one. 
With  the  use  of  power  plant  in  central  battery  systems 
of  telegraphy  and  telephony  and  also  in  railway  signalling 
work  engineers  must  have  a  knowledge  of  machine-gene- 
rated electricity  which  w'as  not  essential  in  the  old  days, 
when  their  one  and  only  source  of  energy  was  the  primary 
cell.  Between  the  power  requirements  of  telegraphy  and 
telephony  and  the  complexities  of  the  various  systems  of 
lighting  there  is,  however,  a  wide  difference.  The  author's 
opinion  is  that  in  the  specialization  which  is  necessary 
to-dav  in  telegraphy  and  telephony  it  is  too  much  to 
expect  an  engineer  to  be  expert  also  in  the  lighting  and 
power  applications  of  electricity  in  the  larger  sense.  The 
practice  in  this  respect  throughout  the  Dominions  and 
Colonies  v<aries.  In  Canada  most  of  the  administrations 
have  their  lighting  done  from  outside,  but  there  are  excep- 
tions to  this  rule. 

In  Australia  all  installations  are  put  in  by  a  Government 
department  corresponding  with  the  Government  Office  of 
Works  of  England,  but  the  Postal  Department's  engineers 
are  responsible  for  the  maintenance  of  the  installations. 

In  Xew  Zealand  the  Department's  engineers  are  respon- 
sible for  the  electric  lighting.  In  the  case  of  a  large  new 
building  the  installation  is,  as  a  rule,  done  by  the  Pubhc 
Works  Department,  but  the  upkeep  afterwards  is  in  the 
hands  of  the  telegraph  and  telephone  engineers.  They 
also  do  the  installation  work  in  smaller  buildings,  carry 
out  all  alterations  and  additions  to  lighting  arrangements, 
and  attend  to  all  maintenance  requirements.  In  South 
Africa  the  lighting  of  all  Government  buildings,  apart 
from  the  railways,  and  including  those  of  the  Post  Office, 
is  done  by  a  special  branch  of  the  Public  Works  Depart- 
ment. In  the  Crown  Colonies  the  practice  varies,  but  it  is 
generally  on  the  lines  followed  in  South  Africa. 

EXGINEERIXG. 

Overhead  construction. — There  is  practically  no  overhouse 
construction  in  any  of  the  Dominions  or  Colonies,  and  the 
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chief  difference  in  the  construction  of  pole  lines  lies  in 
the  character  of  the  pole  employed.  This  a^^ain  inainlv 
dcpcnds  upon  whether  or  not  a  country  is  a  timber-pro- 
ducing one.  Where  timber  is  plentiful  and  there  arc  no 
local  drawhaclcs  to  its  use,  wood  poles  arc  the  rule,  but 
where  it  is  scarce  or  not  of  suitable  size  or  quality,  or 
where  it  is  liable  to  be  attacked  by  white  ants,  or 
destroyed  by  grass  or  bush  fires,  iron  poles  arc  u>-ed. 

White  ants  abound  in  practically  all  the  tropical  Coloiiics, 
and  while  it  is  usual  in  such  countries  to  find  an  indigenous 
wood  which  is  more  or  less  immune  from  their  attacks, 
like  the  teak-wood  of  Burmah,  the  cedar  of  British  East 
Africa,  and  the  "  sneczc-wood  "  of  South  Africa,  it  is  not 
always  suitable  for  use  as  telegraph  poles.  In  several 
of  these  Colonics  there  arc  large  indigenous  forests  where 
the  growth  i»  ^.o  dense  and  heavy  that  it  is  a  very  co^-tlv 
matter  to  cut  a  clearing  througli  it  when  a  new  line  has  to 
Ih:  erected.  The  practice  in  Nigeria,  which  is  probably 
unique,  is  to  clear  a  space  of  from  loo  to  -^oo  feet  in  width 
so  that  the  wires  may  be  well  clear  of  the  branches  of 
trees.  The  cost  of  maintaining  these  clearings  is  very 
heavy.  A  peculiarity  of  these  forests  is  that  there  is  no 
uniformity  either  of  size  or  of  shape  in  the  trees.  Many 
will  be  over  200  feet  in  height  by  eight  or  more  feet  in 
diameter.  Below  these  there  are  trees  of  every  otlier  con- 
ceivable height  and  shape,  and  the  whole  forest  is  inter- 
l.-iced  with  an  impenetrable  nuiss  of  climbing  and  twisting 
growth.  To  obtain  any  considerable  number  of  poles  of 
anything  like  uniform  size  and  length  would  be  impos- 
sible unless  a  very  l.irge  area  of  forest  were  cleared,  and 
the  cost  of  this  would  be  prohibitive.  South  Africa  is  not 
what  may  be  termed  a  timber  country,  althougli  there  are 
forests  of  indigenous  trees  here  and  there.  Amongst  these 
the  "  sneeze-wood  '  is  the  only  one  that  will  withstand  the 
ravages  of  the  white  ant  for  any  length  of  time,  but  even 
this  wood  is  not  free  from  attack.  This  ant  will  drive  its 
tunnels  from  the  bottom  of  the  pole  to  the  top,  through 
the  outer  rings  of  the  wood,  but  as  it  approaches  the  core 
of  the  tree  it  will  slop,  because  the  core  is  too  hard  for  it 
to  penetrate.  The  core  of  the  "  sneeze-wocKi "  is  almost 
as  hard  a>  iron  while  yet  as  flexible  as  whalebone,  and  the 
author  has  heard  of  only  rare  cases  in  which  the  ant  liai 
been  able  to  eat  into  it. 

The  author  has  known  poles  which  were  originally  6  or 
7  in.  at  the  bottom  t.ipering  to  about  4  in.  at  the 
lop  reduced  in  this  way  to  an  .aver.ige  of  about  3  in. 
The  pole  became  so  slender  that  even  the  weight  of  a 
ladder  Icining  against  it  would  cause  it  to  bend  over  like 
a  whipstick.  They  were  also  liable  to  be  destroyed  by 
grass  fires  in  the  dry  winter  sea>on.  It  was  the  rule  to 
clear  the  ground  of  all  grass  and  undergrowth  for  several 
feel  around  each  jvilc.  with  hoes,  so  th.it  a  lire  would  not 
ac'  ■!  the  pole.     Many  poles  were  burnt  off  several 

'ci  M.-  ground  line  by  burning  embers,  tarried   by 

the  wind  into  the  cracks  aiut  crevices  in  the  poles  and 
fanned  into  (lame  there  by  the  wind.  The  author  has  also 
known  oak  arms  on  iron  poles  to  be  destroyed  in  the  same 
way.  These  "  uncczc-wood  "  poles  were  of  rough  appearance, 
crooked  and  gnarled,  but  they  served  their  purpose  well  in 
'I''  "f  the  lines  that  were    buill   throiighoiil 

III'  r:»rlv  li^v*,     'I'lic  aiiMKir  does  not  think 

*"  is  the  injection 

**•  ■  us   lo   the  white 


ant,  was  ever  tried,  but  even  if  this  were  effective  so  far 
as  the  ant  is  concerned,  there  would  still  be  the  liability  to 
destruction  by  grass  fire,  and  the  author's  sympaliiies  are 
with  the  engineer  who  prefers  not  to  run  this  risk.  The 
poles  were  not  suitable  either  in  height  or  strength  to 
carry  more  than  a  few  wires,  and  with  the  gradual  opening 
up  of  the  country  they  were  repl.iced  wilh  tubular  iron 
t.iper  poles  imported  from  Kngland.  In  recent  years 
wood  poles  from  euc;ilvptus  trees  grown  in  Ciovernment 
plantations  in  the  Cape  Province  have  been  tried  experi- 
mentally on  certain  lines  in  the  neighbourhood  of  the 
plantations,  but  the  experience  so  f.ar  has  not  been  favour- 
able. Iron  poles  are  now  generally  used  throughout  the 
country  and  in  most  of  the  Crown  Colonies. 

In  British  East  Africa  and  Uganda  there  is  a  "live" 
pole  in  use  which  is  perhaps  unique  in  its  way.  Some 
years  ago  a-  temporary  line  was  erected  with  poles  got 
from  a  species  of  natural  wild  fig-tree,  and  these  poles, 
when  planted,  unexpectedly  took  root  and  became  trees. 
These  poles,  although  not   absolutely   immune  from   the 

I  attacks  of  white  ants  or  decay,  were  found  to  stand  much 
better   than   ordinary   "dead"  wood   poles   which   either 

,  rotted  or  were  destroyed  by  white  ants  in  a  very  short 
time  .after  their  erection.  Benefiting  by  this  experience, 
the  administration  built  about  i.ODO  miles  of  line  with  this 
type  of  pole.  They  were  cheap  and  they  have  served 
their  purpose  well  in  the  development  of  the  country 
during  a  period  when  funds  were  limited.  They  have 
their  disadvantages,  however.  They  arc  liable  to  become 
top-heavy  and  blow  over  during  storms.  The  leaf  growth 
is  also  a  source  of  trouble,  as  if  it  is  not  very  carefully 
watched  it  leads  to  serious  loss  of  current  in  wet  weather. 
This  is  so  much  the  case  that  most  of  the  lines  on  these 
poles  h.ive  to  be  worked  by  vibrator  instead  of  the 
ordinary  Morse  system.  With  improved  financial  con- 
ditions these  colonies  are   now   using  tubul.ir  iron   poles. 

j  I'oi.E  Links. 

Crown  Colonies  ami  Soiilli  Africa.— There  arc  two  types 
of  tubular  iron  poles  with  cast-iron  bases  and  wrought-iron 
taper  upper  tubes  in  general  use  in  the  Crown  Colonies. 
The  advantage  in  the  tapering  top  is  th.it  it  combines 
strength  with  lightness.  The  taper  is  lap-welded  in 
machines  specially  designed  for  the  purpose.  In  the 
original  joint  the  sp.ice  between  the  tube  and   the  base 

'   was   filled    with   a    sulphur-oxide-of-iron   cement,   but   in 

'  nearly  all  poles  ordered  now  eitlier  the  screw  ring  joint, 
or  the  taper  ring  joint  is  used.  Personally  the  author 
prefers  the  latter  because  it  (its  aiitoin  ilically  and  it 
eliminates  two  items  from  the  stores  list,  namely,  the 
separate  screw  ring  and  the  screw-ring  spanner. 

In  all  these  poles  the  cast-iron  base  is  of  suflicient 
length  to  keep  the  wrought  iron  tube  out  of  the  ground 
when  the  pole  is  planted  to  its  proper  dipth.  The  depth 
of  the  socket  varies  from  <>  in.  in  a  2o-ft.  pole  to  12  in.  in 

j   a  30.fl.  pole. 

I  All  cast-iron  bases  were  originally  made  without  the 
wrought  iron  band  which  is  now  used  and  which  is  shrunk 
on  lo  the  top  end  of  the  base.  Before  the  band  was 
brought  into  use  it  was  a  common  thing  for  a  base  to 
split  at  the  socket  in  cnld,  gusty  weather,  bul  the  band 
entirely  prevents  this. 

The   top  en<l  of  c.ich  pole  is  bossed  and  a  wiought-iroii 
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lightning  rod  about  18  in.  long  by  J  in.  diameter  is 
usually  driven  into  a  tapered  hole  in  the  boss.  Sometimes, 
however,  an  insulator  spindle  is  screwed  in,  but  this  is 
a  practice  not  to  be  recommended.  Where  lightning 
storms  are  frequent  the  insulator  runs  great  risk  of  being 
struck,  and  in  any  case  a  wire  running  along  the  tops  of 
poles  is  very  much  in  the  way  of  the  lineman. 

One  type  of  pole  has  its  base  pointed,  the  point  being 
solid  for  about  5  in.,  so  that  it  can  be  driven  into  the 
ground  by  means  of  a  special  rammer  which  is  dropped 
inside  the  base.  A  wooden  disc  about  2  in.  in  thickness 
is  first  put  into  the  base  to  take  the  impact  of  the  blows 
from  the  rammer  off  the  cast  iron.  Where  the  ground 
is  at  all  sandy  or  marshy  a  ground  plate  can  be  used. 
It  is  slipped  over  the  bottom  end  of  the  base   and  wedges 


flange  is  of  larger  area  than  the  square  flange  and  can  be  used 
without  a  base  plate  where  the  ground  is  sufficiently  firm. 
For  this  reason  it  is  called  the  O.B.P.  (optional  base  plate). 
Fig.  I  shows  a  light  pole  specially  designed  for  South 
Africa.  It  is  used  on  farmers'  lines  and  carries  one  or  two 
pairs  of  wires  between  main  routes  and  the  homesteads. 
It  is  18  ft.  in  length  and  has  a  wedge  joint.  It  will  carry 
wires  having  a  total  lateral  stress  of  about  80  lb.  12  in. 
from  the  top.  It  is  probably  the  lightest  and  cheapest 
pole  used  in  telephone  practice  anywhere.  The  upper 
tube  is  high-grade  steel  galvanized,  and  the  lower 
section  is  cast  iron.  The  cap  is  of  cast  iron  and  the 
lightning  rod  wrought  iron.  The  bracket,  spindle,  and 
insulator  used  with  this  pole  are  also  shown  in  the 
figure. 


Table  i. 
Dimensions,  Weights,  and  Carrying   Weights  of  Standard  Tubular  Taper  Poles. 


Size    of 
Steady 
Plate 

Weighls 

Carrying 

Length  of  Pole 

Length  of  Taper 
Tube 

Length 

of  Base 

Diameter  of 
Tube  at  Top 

Diameter  of 
Tube  at  Bottom 

Weight* 

( Factor  ofSafety 

Tube 

Base 

Plate 

of  two) 

ft.      in. 

ft.       in. 

ft. 

in. 

in. 

in. 

in.  sq. 

lb. 

lb. 

lb. 

lb. 

18      0 

14        0 

4 

6! 

if 

3i 

12 

44 

56 

12 

100 

20     6 

16       6 

4 

6+ 

., 

12 

54 

56 

12 

80 

19     4 

13        0 

7 

0 

„ 

3f 

21 

76 

123 

15 

230 

20     0 

13       6 

7 

0 

1, 

21 

64 

100 

IS 

200 

20    0 

20    0 

13       6 
II       6 

7 
9 

0 
0 

2 

3 

ti 

28 
36 

118 
140 

189 
396 

36 

100 

500 
900 

25     0 

18     10 

7 

0 

■1 

4 

24 

135 

140 

24 

200 

30    0 

24      0 

7 

0 

-> 

5 

28 

250 

190 

36 

250 

35    0 

21)         0 

7 

0 

6 

28 

360 

195 

36 

250 

40    0 

34      0 

7 

0 

H 

6 

28 

420 

19s 

36 

150 

40    0 

35      3 

7 

0 

(Upper  tube 

in  two  parts) 

28 

f   225   1 
I    130   J 

195 

36 

140 

•  A  test  of  twice  this  weight  applied  12  in.  from  the  top  of  the  tube  should  not  give  a  perceptible  permanent  set. 
t  With  painted  end  for  driving  into  ground. 


up  against  a  narrow  bead  on  the  casting  about  12  in.  from 
the  top.  Tills  pole  will  carry  a  horizontal  load  of  about 
80  lb.  at  a  point  12  in.  from  the  top. 

The  standard  type  of  pole  used  has  a  cylindrical  cast- 
iron  (parallel)  base  with  square  flange  at  the  bottom  end 
to  which  a  buckled  base  plate  is  bolted. 

Poles  of  this  type  are  made  in  a  number  of  standard 
lengths  and  strengths.  Where  the  length  is  40  ft.  or  over, 
the  upper  part  is  made  in  two  or  more  sections.  Table 
No.  I  gives  particulars  of  a  number  of  standard  sizes  of 
poles  of  these  types.  The  cast-iron  bases  and  buckled 
plates  are  usually  dipped  in  Angus  Smith's  compound, 
while  the  tubes  arc  dipped  while  hot  in  hot  linseed  oil. 
A  factor  of  safety  of  2  based  on  a  wind  pressure  of  17  lb. 
per  square  foot  is  sufficient  for  these  poles  in  countries 
where  there  are  no  snow  and  ice  accumulations  to  be 
taken  into  account.  Where  snow  and  ice  occur  a  factor 
of  safety  of  4  should  be  allowed. 

The  cast-iron  bases  used  in  South  Africa  have  circular 
flanges  at  their  bottom  ends,  with  four  strengthening  webs 
extending  from  the  flanges  about  18  in.  up  the  base.     This 


There  is  a  parallel  pole  of  a  more  ornamental  type  which 
is  used  for  special  street  work  in  South  .Africa.  There  is 
no  cast-iron  base  with  it,  but  it  is  protected  from  corrosion 
at  the  ground  line  by  means  of  a  sleeve  which  is  shrunk  on. 
It  is  26  ft.  in  length  and  will  bear  a  maximum  load  of  about 
300  lb.  at  the  top  when  planted  4  ft.  in  tlie  ground.  Where 
poles  of  similar  type  have  been  planted  without  the  sleeve 
protection,  corrosion  has  often  taken  place  at  and  above 
the  ground  line.  This  has  been  prevented  by  the  use  of 
cast-iron  sleeves  made  in  two  longitudinal  half-sections 
with  their  edges  overlapping.  When  the  two  half-sections 
are  screwed  together  they  have  a  neat  cylindrical  appear- 
ance. The  small  space  between  the  sleeve  and  the  pole 
is  caulked  with  yarn  and  red  lead  and  painted  over. 

Fie.  2  shows  a  tubular  iron  strut  used  with  iron  poles. 
The  object  of  the  screwed  eyebolt  at  the  top  end  is  to  give 
a  margin  for  the  adjustment  of  the  strut  at  the  point  of 
■attachment  to  the  clip. 

A  lantern  slide  shows  an  H-pole  on  the  line  carrying 
telephone  trunk  wires  between  Johannesburg  and  Pretoria. 
This  was  originally  a  single  22-ft.  pole  line  carrying  four 
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It  was  converted   into    an  H-pole  line  by  a       Hamilton  pole  arc  used.     These  consist  of  riveted  tubes 
.1.   of    similar  poles  being  erected  parallel  with       of  steel  sheet  fitting  into  cast-iron  sockets  having  cast-iron 
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i.H;r)i  I" lie    wiih  il-iublc  bracket,  npiiiillc.  and  Insulator  (South  Africa). 

ii\areof  tubular  iron  galvanized       sole  platen.     A   full-lcnglli  pole  is  about  5S  ft.  out  of  the 

ground,  and   it  comprises  eight   sections  each  S  ft.  long. 

■  iliuLir  poles  of  the  type       The  poles  taper  from  about  1  j  in.  at  the  botloni  to  3  in.  at 

Hill  and  known  as  the       the  lop.     Thcvaic  jointed  together  by  the  upper  tube  in 
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each  case  being  driven  over  the  next  lower  one,  and  each 
joint  is  strengthened  by  a  stilTening  hoop  shrunk  on. 
Each  section  has  its  own  cast-iron  socket  with  sole  plate 
which  is  known  by  the  letter  corresponding  with  the  tube 
it  fits.  The  sole  plate  screws  on  to  the  socket.  The  top 
of  the  pole  is  fitted  with  a  cast-iron  cap  with  lightning 
rod  which  is  driven  into  the  top  of  the  tube.     The  above- 


to  800  yards  in  length  over  rivers  and  ravines  standing 
quite  satisfactorily  for  many  years.  Hard-drawn  copper 
wire  was  used  on  spans  up  to  300  yards,  whilst  above  that 
length  bronze  was  used.  Copper  wire  can  be  fully  relied 
upon  for  long  spans  so  long  as  a  reasonable  factor  of 
safety  is  allowed.  In  a  country  where  snow  is  almost 
unknown  this  mav  be  as  low  as  two,  but  it  should  include 


Socket  with  eyebolt  6'xi' 
'thredded  with  check  nut 


liv^     inside     .. 


.a'-is outside  diam. 
25^'iriside    " 


V5^^0Litside  diam 
;\  5i|  inside     ■■ 


Fig. 


-Tubular  iron  strut  for  30-ft.  pole. 


ground  parts  are  always  galvanized,  while  the  sockets  and 
plates  are  dipped  in  Angus  Smith's  compound. 

The  number  of  poles  to  the  mile  varies  with  the  class 
of  line.  Twenty  to  the  mile  may  be  said  to  be  the  lowest 
number  that  is  allowed  on  a  light  country  line,  but  the 
author  knows  lines  on  which  the  average  per  mile  is  much 
below  this  figure.  From  this  the  number  ranges  up  to 
40  to  the  mile.  Over  even  country  the  spans  are  restricted 
to  whatever  the  standard  for  the  line  may  be,  but  in  broken 
country  they  may  vary  from  the  normal  up  to  400  and 
more  yards.    The  author  has  had  experience  of  spans  up 


full  allowance  for  wind  pressure.  The  poles  are  specially 
stayed,  double  width  spacing  is  given  pn  the  arms,  only 
one  quality  and  gauge  of  wire  is  erected,  every  care  being 
taken  to  adjust  all  the  wires  to  the  same  dip,  and  no  joints 
are  made  in  the  spans.  With  these  precautions  the  wires 
all  swing  in  unison  and  there  is  no  trouble. 

The  stays  used  throughout  these  countries  are  of  British 
Standard  types  with  tighteners  and  with  iron  anchor  plates 
which  are  usually  tarred.  Where  the  stay  wire  is  fixed  to 
an  iron  pole  it  is  made  off  over  a  special  clip.  It  is  bad 
practice  to  fix  it  over  an  arm  or  bracket  as  is  often  done. 
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In  South  Africa  a  "  Crosby  "  clip  is  now  used  for  clamping 
the  slay  n-ircs  at  the  pole  and  also  at  the  tightener. 

VVlicrc  iron  poles  arc  employed  near  the  sea  they  can 
only  be  preserved  from  corrosion  by  being  frequently 
painted  or  tarred.  The  author  has  tried  every  kind  of 
p,iint  for  this  purpose,  but  he  found  none  to  stand  any 
l>cttcr  lli.tn  coal  tar  applied  in  the  heated  stale.  It  is 
much  cheaper  tlian  paint,  and  where  native  painters  do 
the  work  the  waste  whicli  is  inevitable  is  not  so  serious  a 
loss.  Reinforced  concrete  poles  would  be  more  service- 
able than  iron  in  these  situations,  but  the  weights  of  these 
poles  in  proportion  to  their  strengths  are  against  them  for 
lines  where  the  difliculty  of  transport  is  a  serious  f.ictor. 
It  seems  to  the  author  that  there  should  be  a  field  for  thc«c 
poles  in  countries  where  the  principal  ingredients,  cement 
and  s.ind,  are  available,  so  that  with  a  portable  pole-making 
plant  the  poles  could  be  made  in  the  vicinity  of  the  line  in 
each  cise. 

Hollow  reinforced  concrete  bases  made  in  moulds 
locally  and  fitted  with  wood  tops  are  sometimes  used. 
Discarded  railway  rails  are  also  used  at  certain  places, 
the  rails  being  set  with  the  web  of  the  rail  at  right 
angles  to  the  direction  of  the  line.  Planted  the  other 
way  about  they  are  liable  to  bend  over  in  very  windy 
weather. 

CiirtiiJa. — In  Canada  wood  poles  and  arms  obtained 
from  timber  grown  in  the  country  are  used  on  both 
telegraph  and  telephone  lines.  There  arc  no  iron  or 
reinforced  concrete  poles  in  use. 

Kach  railw.ay  company's  telegraph  lines  are  erected  on 
the  right  of  way  of  the  railway  concerned.  Where  it 
is  necessary  to  connect  the  wires  at  a  central  oflice  in  a 
town  they  are  either  taken  on  a  pole  line  through  the 
streets  or  a  cable  is  laid  underground  according  to  the 
requirements  of  the  municipality.  The  lines  of  the  (Ireat 
North-Western  Company  follow  the  highways  except  in 
cases  where  the  Company  have  contract  privileges  for  the 
construction  of  lines  along  the  railways,  but  it  may  be  said 
of  Can.ida  .as  a  whole  that  there  arc  few  highway  telegraph 
lines  in  the  country. 

The  main  telephone  lines  follow  the  public  roads. 
Short  cuts  across  country,  except  in  the  case  of  rural 
companies'  lines,  arc  resorted  to  only  in  special  cases  and 
where  the  right  of  way  can  be  obt.iined. 

These  wood  poles  are  generally  of  cedar.  They  are 
straight  and  of  good  appearance  and  are  not  treated  with 
any  preservative.  White  ants  arc  unknown.  Damage  by 
fire  is  of  rare  occurrence  on  the  railway  lines,  but  in  some 
of  the  districts  poles  arc  occ.isionally  destroyed  by  prairie 
lircv  The  poles  generally  are  cut  to  an  apex  at  the  top, 
the  apex  being  at  right  angles  to  the  arm,  but  they  arc  not 
lillrH  v.i*';  pole  roofs. 

!ird   lengths  of    poles   used   by  tiie  different 
*'i  jns  vary  considerably  and  this  may  be  said 

of  many  of  the  other  constructional  materials  employed. 
The  standard  length  pole  of  the  Canadian  Pacific  Com- 
pany Is  2^  ft.,  but  in  broken  country  the  poles  vary  up  to 
I.;  ft  in  'ength.  The  (irand  Trunk  Compan>'»  standard 
length*  arc  jc,  to  in  ft..  «a.(  :;  f|.  ji,  il,c  ground.  ^5  to  40  ft. 
1  7  ft. 
'  .1  Telephone  Company  is  35  ft. 
■ialioii»  y>  to  35  ft.  is  usual  for 
'*■  '    and   long-di»tancc  lines,  while  on 
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their  rural  lines  20  and  25  ft.  lengths  .are  commonly 
employed.  Separate  pole  lines  are  generally  provided  for 
rural  and  long  distance  circuits.  Pole  steps,  in  some  cas^ 
of  wood  and  in  others  of  iron,  are  lilted  to  office  and 
terminal  poles,  the  bottom  step  being  3  ft.  from  the 
ground. 

The  practice  in  respect  of  the  providing  of  e.arlli  wires 
on  poles  v.arii-s.  hut  it  is  nowhere  the  rule  to  earth  wire 
every  pole.  L'ndcr  one  telephone  administration  every 
tenth  pole  and  also  the  pole  on  each  side  of  a  "test" 
station  are  fitted  with  \o.  g  galvanized  iron  wire  stapled 
every  2  ft.  up  the  pole  and  extending  3  in.  above  the  apex 
of  the  pole.  The  wire  is  kept  at  least  2  in.  clear  of  the 
cross-arms  and  is  given  two  hand  turns  under  the  bottom 
of  the  pole.  In  another  case  an  earth  wire  is  fitted  every 
half  mile  only. 

The  spacing  of  the  poles  is  varied  in  the  different 
administrations,  and  it  of  course  again  varies  with  the 
class  of  line.  One  system,  which  is  typical,  allows  40 
poles  to  the  mile  on  heavy  routes,  36  to  the  mile  on  less 
heavy,  32  to  the  mile  on  lighter,  and  30  to  the  mile  on 
light  routes.  The  first  and  second,  and  sometimes  the 
third,  sparis  in  each  mile  are  usually  shorter  than  the 
others.  At  ro.ad  and  railway  crossings  poles  of  suitable 
length  are  used  to  give  clearances  of  16  ft.  over  roads  and 
25  ft.  over  railw.iys  when  the  ultimate  lowest  cross-arm 
has  been  fitted.  A  clearance  of  3  ft.  is  .allowed  either 
over  or  under  when  the  wires  of  another  administration 
are  crossed. 

Stays — or  guys  as  they  are  termed — and  struts  and  over- 
head stays  attached  to  stubs  where  there  is  obstruction  to 
the  use  of  ordinarv  stays,  are  liberally  used  on  angle  and 
terminal  poles.  At  road  crossings  and  at  acute  angles 
longitudinal  stays  are  fixed.  In  the  case  of  a  crossing  the 
stay  is  t.iken  from  the  top  of  the  second  pole  to  the  butt  of 
the  first  at  each  side  of  the  crossing.  In  some  cases  a 
similar  slay  is  fixed  between  the  second  and  the  third 
poles.  Anchors  of  both  wood  and  iron  are  used,  the  latter 
generally  being  of  the  patent  type  which  is  screwed  into 
the  ground.  The  eye  of  the  anchor  rod,  which  is  fitted 
with  a  thimble,  is  brought  just  clear  of  the  surface  of  the 
ground.  The  stranded  stay  wire  is  secured  both  at 
the  pole  and  at  the  rod  by  means  of  a  clamp  held  by 
bolts.     Stay  tighteners  arc  not  used. 

AusliiiHit. — Both  wood  and  iron  poles  are  used,  the 
selection  depending  generally  upon  whether  or  not  dangers 
from  white  ants  or  bush  fires  have  to  be  met.  Several 
types  of  iron  poles  are  employed,  the  principal  being  the 
Siemens  taper  pole  with  cast-iron  base  and  screw-ring 
joint.  For  light  lines  the  Oppciiheimer  iron  pole,  iron 
tubing,  and  old  railw.ay  rails  are  also  used.  The  Oppen- 
heinier  pole  has  a  cast-iron  base  shaped  like  a  d.irt  with 
moderately  sh.irp  cutting  edges  which  permit  of  its  being 
driven  into  the  ground.  In  the  upper  part  a  socket  is 
formed  into  which  the  wrought  iron  tube  is  fixed  by  means 
of  iron  wedges. 

.Ml  the  wood  poles  used  are  obtained  from  trees  indi- 
genous to  the  country.  There  is  a  gre.it  variety  of  these 
and  they  are  practically  .ill  of  the  hard  wood  class.  They 
have  not  tiie  straight  clean  appearance  of  the  red  pine  pole 
Used  in  Kngl.iiul.  but  they  are  reipiiied  to  be  straight  and 
round,  and  as  free  as  possible  from  iriegiil.uilies  and 
inequalities,     l.'p  to  the  present  no  Ireatmenl   for  the  pie- 
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vention  of  decay  has  been  applied,  but  the  question  of 
introducing  creosoting  plant  for  this  purpose  at  the  larger 
centres  is  under  consideration.  In  districts  infested  with 
white  ants  all  poles  are  protected  from  their  attacks  by  the 
application  of  a  solution  of  arsenic  (i  lb.)  and  caustic  soda 
(2  lb.)  dissolved  in  i  gallon  of  water.  The  pole  is  well 
coated  with  this  mixture  by  means  of  a  long-handled  tar 
brush  for  a  distance  of  i8  in.  above  and  i8  in.  below  the 
ground-level.  The  solution  is  given  a  few  hours  in  which 
to  soak  into  the  timber,  when  it  is  given  a  coating  of  coal 
tar  composition  consisting  of  gas  tar  (7  parts),  Stockholm 
tar  {3  parts),  and  fresh-slaked  lime  (3  parts).  The  ground 
for  a  distance  of  1  ft.  around  the  pole  is  well  sprinkled  with 
the  exterminator  and  this  is  covered  with  9  in.  of  un- 
poisoned  earth.  Anotlier  method  is  to  bore  one  or  more 
holes  with  a  f  in.  auger  in  a  downward  direction  to  the 
centre  of  the  pole,  and  to  fill  tlie  holes  with  the  exter- 
minator, the  holes  afterwards  being  plugged  with  hard 
wood  plugs  which  are  gently  driven  in  and  then  cut  off 
flush  with  the  pole. 

Poles  vary  from  20  to  75  ft.  in  length  and  from  5  in. 
diameter  at  the  small  end  and  S  in.  at  the  butt,  to  12  in.  at 
the  small  end  and  20  in.  at  the  butt.  The  minimum  height 
from  the  ground  of  the  lowest  wires  along  the  road  is  12  ft. 
and  at  the  road  crossings  18  ft.  Road  routes  are  generally 
followed,  but  it  is  found  to  be  more  economical  to  erect 
the  poles  within  Ihe  railway  reserve  when  this  is  prac- 
ticable. AH  wood  poles  are  provided  with  lightning  con- 
ductors of  No.  8  galvanized  iron  wire  fixed  with  staples 
2  ft.  apart.  The  top  of  each  pole  is  cut  to  an  apex  which 
is  placed  at  right  angles  to  the  line.  It  is  coated  with  coal- 
tar  composition  and  fitted  with  a  galvanized  iron  roof  of 
suflicient  size  to  project  2  in.  beyond  the  pole  on  all  sides. 

Where  poles  are  stayed  anchor  logs  not  less  than  9  in. 
diameter  and  4  ft.  in  length  with  4  in.  square  washers  are 
used.  The  stay  wire  is  attached  to  the  eye  of  the  rod, 
through  a  thimble,  and  is  secured  on  itself  by  means  of  a 
stay  clamp.  Stay  tighteners  are  not  generallj'  provided. 
Where  the  stay  wire  is  attached  to  tlie  pole  a  half-inch 
check  bar  is  passed  through  the  pole  to  prevent  the  stay 
wire  slipping  down,  and  the  end  of  the  stay  wire  is  clamped 
as  at  the  stay  rod. 

Xeii'  Zealand. — New  Zealand  has  a  greater  variety  of 
types  of  poles  than  most  countries.  Poles  of  wood,  tubular 
iron,  reinforced  concrete,  and  discarded  railw.iy  rails  are 
in  use.  The  wood  poles  are  mainly  got  from  indigenous 
trees,  the  totara  and  silver  pine  being  found  to  be  the 
most  suitable.  They  stand  well  in  the  ground,  but  timber 
generally  is  scarce  and  the  supply  of  trees  suitable  for 
poles  is  limited.  A  good  many  poles  of  ironbark  wood 
have  been  obtained  from  Australia.  Other  kinds  of 
Australian  woods  have  been  tried,  including  striiigy  bark 
and  jarrah,  but  they  do  not  stand  so  well.  The  poles  are 
generally  sawn  square,  although  both  silver  pine  and  iron- 
bark  poles  when  obtainable  in  lengths  within  25  ft.  are 
used  in  the  natural  round  state.  The  poles  are  not  treated 
in  any  way.  Charring  the  butts  has  been  tried,  but  it  had 
no  good  effect  and  was  even  found  to  be  harmful.  There 
are  no  white  ants  in  New  Zealand  and  poles  are  but  rarely 
damaged  by  fires.  The  standard  lengths  of  wood  poles  in 
use  are  18,  20,  25,  30,  35,  40,  and  45  ft.  and  they  are  of  varying 
strengths  to  meet  the  loads  they  have  to  carry.  The  poles 
are  not  earth-wired. 


Tubular  iron  and  steel  poles  have  come  more  into  use 
within  the  past  few  ^-ears.  They  are  of  both  solid  drawn  and 
lap-welded  types,  although  not  of  the  standard  taper  pattern 
so  much  emploved  in  South  Africa  and  other  countries. 
They  are  used  in  the  larger  towns  for  telephone  exchange 
distribution  purposes,  also  in  the  lighter  sizes  on  some 
liglit  country  lines  where  it  is  advantageous  to  use  tliem 
owing  to  the  ease  with  which  thev  can  be  transported  and 
handled  over  rough  country. 

The  reinforced  concrete  pole  used  is  of  solid  construction, 
the  cross-section  being  rectangular.  When  erected  the 
longest  side  of  the  pole  is  placed  at  right  angles  to  the  line. 
The  poles  arc  made  of  different  strengths  to  carry  specified 
working  loads,  and  over  this  load  a  factor  of  safety  of  2'5 
is  allowed.  The  dimensions  and  strengths  of  two  tvpical 
25-ft.  poles  are  : — 

(07  in.  X  4  in.  at  the  butt,  tapering  to  3^  in.  X  3  in. 
at  the  top.     Weight  490  lb.     Working  load  150  lb. 
(2)  7  in.  X  5^  in.  at  the  butt,  tapering  to  5  in.  X  3J  in.  at 
the  top.     Weight  720  lb.     Working  load  250  lb. 
Hollow  concrete  poles  are  not  employed. 

Poles  of  52  lb.  and  70  lb.  discarded  railway  rails  are 
largely  used  and  are  said  to  make  splendid  lines.  Where 
extra  strength  is  required,  as  at  angles,  two  rails  with  their 
flanges  bolted  together  arc  often  used,  and  where  a  line  is 
required  to  be  specially  strong  every  fifth  pole  is  doubled 
in  this  way.  Poles  of  this  type  have  been  used  for  a  great 
many  years  and  are  so  favoured  that  they  would  be  in 
general  use  but  for  the  fact  that  they  are  not  available  in 
the  quantities  required.  Special  castings  .are  made  to 
attach  the  arms  to  these  poles.  The  pole  lines  generally 
follow  the  public  roads,  and  the  right  of  way  for  the  erec- 
tion of  lines  is  subject  to  the  sanction  of  the  local 
authorities  controlling  the  roads. 

Pole  Fittings. 

Crown  Colonics  and  South  Africa. — There  are  many  types 
of  iron  brackets  and  arms  available  for  use  with  iron  poles, 
and  South  Africa  may  take  some  credit  for  having  helped  to 
evolve  a  number  of  useful  improvements  to  these  fittings. 

The  bracket  shown  in  Fig.  i  is  of  malleable  cast  iron. 
It  is  typical  of  many  other  patterns  which  vary  mainly  in 
the  size  of  the  seat.  A  similar  bracket  is  made  for  four 
wires.  For  one  wire  onh'  a  single  bracket  with  a  back 
strap  is  used.  On  this  bracket  there  is  a  small  projection 
which  locks  the  spindle  nut  and  so  prevents  it  from  getting 
loose  owing  to  vibration. 

For  a  wood  arm  Jobson's  combination  bracket  is  a  useful 
fitting.  This  was  originally  made  with  straight  fixing  bolts, 
and  it  is  still  used  in  this  form  by  some  administrations. 
In  South  .\frica  it  gave  much  trouble  owing  to  the  arm 
shrinking  in  dry  weather  and  causing  the  clamp  to  become 
loose.  On  angle  poles  this  often  allowed  the  arm  to  cant 
and  even  to  twist  right  round.  To  prevent  this  and  to 
enable  the  clamp  to  be  tightened  up  on  the  pole  indepen- 
dently of  the  arm,  the  author's  old  chief  in  Natal,  the  late 
Mr.  T.  T.  Hardaker,  devised  the  shoulder  bolt  shown  in 
Fig.  3.  With  this  bracket  the  clamp  is  first  tightened  up 
against  the  shoulders  of  the  fixing  bolts  and  not  till  this  is 
done  are  the  nuts  on  the  arms  screwed  up.  This  improve- 
ment  made  the  Jobson  bracket  a  thoroughly  reliable  one, 
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aiid  many  thousands  have  been  used  in  South  Africa  and 
elsewhere. 
With  the  introduction  of  the  tubular  iron  arm  by  the 


Fig.  3. — Combiiution  bracket  with  shoulder  bolls  for 
tubular  iron  pole. 

Post  Oflicc  in  England  several  of  the  Colonics  quickly 
took  it  up,  and  with  some  of  these  it  is  new  the  standard 
arm.  The  spacing  between  insulators  and  arms  is  some- 
what varied  in  the  different   Colonies  but   Fig.  4   shows 


used  in  South  .Africa  for  4,  8,  and  1 2  wires  respectively. 
The  4-\vire  arm  is  3  ft.  10  in.  long  and  the  seat  is  provided 
with  shoulder  bolts.  The  spacing  M  the  pole  is  16  in.,  and 
between  the  two  wires  on  each  side  12  in.  They  arc  6xcd 
at  i2-in.  centres  on  tlie  pole.  These  arms  allow  ample 
space  for  a  lineman  to  get  through  between  tlic  wires. 
The  8-wire  arm  is  6  ft.  3  in.  long  and  >)  in.  between  insu- 
lators, with  15  in.  at  pole.  This  arm  is  suitable  for  more 
congested  heavy  wire  routes.  The  12-wirc  arm  is  also 
6  ft.  3  in.  in  length  with  if>  in.  at  the  pole.  Tlic  spacing 
of  the  wires  is  4  in.  between  the  two  wires  of  each  p.iir  and 
8  in.  between  the  pairs.  With  light  wires  of  40  lb.  bronze 
or  70  lb.  hard-drawn  copper  commonly  used  for  telephone 
overhead  distribution  purposes  the  author  can  sav  from 
many  years  of  experience  that  this  spacing  is  quite  satis- 
factory, although  it  would  not  be  recommended  where 
snow-storms  occur.  The  same  seat  is  used  for  all  the 
arms.  It  will  fit  poles  from  l|  in.  to  4  in.  diameter  and  is 
shown  in  detail  in  K  of  this  figure. 

F  of  Fig.  4  shows  an  extension  arm  which  fits  into  the 
end  of  the  main  .inn  where  it  is  held  by  the  first  insulator 
bolt.  This  is  a  useful  and  cheap  fitting  for  carrying  one 
or  two  light  wires  on  a  short  length  of  line,  and  it  can  be 
used  on  any  tubular  arm. 
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h'Ui.  4.— TubuLir  arnm  showing  (pacings  :— 

A.  i-u-ltt  ami,  I)    11  viitc  niiti. 

H.  4»it«jMin.  K    Urljllol  vat 

t.  »-«1rc  »rm.  >'    K«l€n«ion  arm. 


wcll-conwdcrcd   »pacin((s  for    the   difTerent    numbers    of 

*  '■  '  V  arc  made  for.     A  in  this  figure  show*  a  j-wire 

m,  anr)  H,  C,  and  1)  arc  standaid  types  of  arms 


When  the  author  adopted  tubuUir  arms  in  Natal  he 
designed  ami  intnxliiced  a  number  of  filtings,  such  as  tic 
rods,  arm    ■-iippoits,   cross-atins,    back    braces    and    cage 
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frames.  A  lantern  slide  shows  five  arms,  each  carrying 
twelve  40-lb.  wires  on  40-ft.  parallel  steel  poles,  braced 
together  by  means  of  tie  rods.  These  rods  are  of  ^  in. 
material  galvanized  with  galvanized  tubular  distance 
pieces,  each  with  a  curved  washer  to  give  a  flat  bearing 
surface  at  each  end.  The  arm  support  is  fitted  with  an 
ornamental  scroll  in  this  case,  but  generally  it  was  plain. 


tiG.  5. — Back  brace  for  8  and  12-wire  pole  arm. 

Where  wires  are  terminated  on  an  8  or  12-wire  arm  the 
arm  is  back  braced  as  shown  in  Fig.  5.  The  lantern  slide 
also  shows  the  method  adopted  of  cross-arming  the  poles. 
The  end  of  the  pole  arm  is  sometimes  scalloped  to  take 
the  cross-arm  which  is  held  in  position  by  means  of  an  eye- 
bolt.     The  head  of  the  eyebolt  is  slipped  inside  the  main 


end  of  the  holder.  Where  8  or  12-wire  cross-arms  are 
used  they  are  back  braced  to  the  pole  arm  by  means 
of  two  strands  of  7/16  steel  wire  (galvanized)  each  with 
a  small  swivel  tightener. 

A  four-sided  tubular  iron  frame  is  used  on  a  junction  or 
leading-in  pole  carrying  wires  in  four  directions.  These 
frames  are  built  up  in  the  form  of  a  cage  in  which  the 
lineman  has  plenty  of  elbow-room.  A  lantern  sHde  shows 
a  junction  cage  pole.  Galvanized  wrought-iron  pole  steps 
are  much  used  on  tubular  iron  poles,  the  practice  generally 
being  to  start  them  from  a  position  on  the  pole  which  can 
be  reached  from  a  15  ft.  ladder.  From  this  point  they  are 
placed  about  12  in.  apart  up  the  pole. 

Tubular  arms  are  made  of  different  diameters  and  thick- 
nesses of  iron,  but  the  sizes  most  commonly  used  are  all 
r-ii/i6  in.  diameter  by  Nos.  7,  9,  and  12  S.W.G.  thick. 
They  are  alwa}-s  galvanized.  Table  2  shows  the  results 
of  tests  kindly  carried  out  for  the  author  a  few  months  ago 
by  Messrs.  BuUers,  Ltd.,  of  one  arm  of  each  of  these  sizes 
and,  for  comparison,  one  oak  arm.  The  tubular  arms 
were  46  in.  long  and  the  oak  arm  48  in.  These  tests 
show  that  the  Xo.  9  gauge  tube  is  sufficiently  strong  for  all 
practical  purposes.  Where  heavy  wires  are  terminated, 
either  a  stronger  tube  2  in.  in  diameter  by  5/16  in.  thick  or 
two  tubes  braced  together  should  be  used.  Where  wood 
arms  are  used  they  conform  generally  to  Post  Office 
practice  in  regard  both  to  dimensions  and  to  spacing. 

If  line  construction  is  good  the  maintenance  costs  will 
be  low  and  the  great  advantage  of  freedom  from  faults  is 
gained.     Loss  of  time  to  telegraphists,  delays  to  telegrams, 


Table  2. 
Tests  of  Tubular  Arms  and  Oak  Arm. 


Type  of  Arm 

Weight 

Test 
Weight 

Set 

Test 
Weight 

Set 

Test    '   „  , 
Weight     *>•' 

Test 
Weight 

Set 

Test       c,. 
Weight     *•=' 

Test 
Weight 

Set 

Remarks 

lb. 

cwt. 

in. 

cwt. 

in. 

cwt-        in. 

cwt. 

ia. 

c%vt.     '     in. 

cwt. 

in. 

Tubular  iron.  No.  7 

II 

I2i 

nil 

14 

1/16 

i6i    3/16 

i8i 

t 

I9I     916 

20Jt 

J 

At  16J  cwt.   the  f  in. 

S.W.G. 

seat  bolts  were  bent. 

This     continued     to 

2oi    cwt.,  when  they 

were  badlv  bent  and 

seat  broke 

Ditto,  No.  9  S.W.G. 

9 

„ 

V16 

,.         1 

* 

? 

I* 

In  addition  to  the  Set 

the  tube  was  slightly 

" 

1 

twisted 

Ditto,  No.  1 2  S.W.G. 

7 '4 

6i 

1/16 

H 

3/16 

9h       1 

io| 

I 

Not  carried  further 

Oak  arm,  2J  in.  sq. 

11-9 

14 

Fixing  bolts 

i6j        Bolts  badlv 

20^ 

Arm  broke 

The    arm     was    badly 

bent 

bent 

twisted  after  i2icwt., 
but  it  came  back  prac- 
tically   straight  when 
load  was  taken  off 

tube  and  is  held  by  the  first  insulator  spindle  on  it.  Where 
the  end  of  the  pole  arm  is  not  scalloped  a  cross-.arm  holder 
is  used.  This  is  a  piece  of  galvanized  tube  about  4^  in.  in 
length  with  scalloped  end  as  shown  in  the  lantern  slide. 
It  is  of  sufficiently  large  internal  diameter  to  slip  over  the 
end  of  the  main  arm  and  is  held  in  position  bN-  the  first 
insulator  spindle.  This  spindle  also  passes  through  the 
eyebolt  which  holds  the  cross-arm  tight  in  tlie  scalloped 


and  annoyance  to  subscribers  to  telephone  systems  which 
result  from  interruption  to  wires  are  reduced  to  a  mini- 
mum if  the  constructional  work  is  of  the  best.  Probably 
in  no  other  class  of  engineering  is  the  success  of  a  work 
dependent  upon  factors  of  such  low  values  mechanically 
as  in  telegraph  and  telephone  engineering.  A  telegraph 
line  may  be  1,000  miles  in  length  and  its  good  working 
depend   not   only  upon   a   thin   wire   having   a    breaking 
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If  (MM  lb.,  inn  even  more  to  upon  scores 
and  connections  spread  over  its  entire 
may  turn  awkwardly  on  a  pole  aud 
a  CI  OSS  C'  wre  1h-  l>rolicii  without  his  knowing;  it, 

a  long  anil  iin|H)rlant  wire  t>ein>j  thereby  thrown  idle. 
Good  materials,  properly  standardized  for  the  different 
cl.i«^i.s  of  lines  and  work  and  good  workmanship  are  of 
tile  ^'■•■•••t'-'st  importance.  They  may  cost  more  initially  but 
they  pay  in  the  end.     The  appearance  of  a  line  counts  for 

:iR  with  some  engineers  ;  it  is  sufficient  if  passable  tele- 

>igi)als  or  telephonic  speech  can  be  got  through.  But 
111  all  other  brandies  of  engineering,  in  bridge  designing, 
in  .-irchilcctural  work,  attention  is  given  to  the  appearance 
of  the  structure  and  money  is  spent  on  it.  Why  should 
the  telegraph  and  telephone  engineer  be  e.\ceptional  in 
this  respect .'  If  overhead  lines  arc  necessary  in  towns 
and  suburbs  from  the  point  of  view  of  economy,  they 
should  be  so  constructed  as  to  be  of  neat  appcirancc  and 
in  keeping  with  their  surroundings  .is  far  as  possible. 

Uouble-shed  white  porcelain  insulators  of  Post  Office 
types  arc  generally  used  in  these  Colonies  and  in  South 
Africa.  On  the  f.irmers'  lines  in  South  Africa  and  on 
some  lines  in  Uritish  Kast  Africa  a  small  single-shed 
porcelain  cup  is  used.  It  is  quite  a  satisfactory  light  line 
insulator  for  use  where  the  climate  is  dry.  The  spindles 
and  cupholdcrs  used  with  these  cups  arc  generally  of  the 
standard  types  .adopted  by  the  British  Kngineering 
Standards  Committee,  .although  for  light  conductors  single 
and  double  J  and  also  U  cupholders  of  lighter  patterns 
are  used.  For  Icading-in  purposes  the  Purves-Sinnott 
pot-head  insulator  is  now  much  used  in  the  single  and 
double  groove  and  side  knob  patterns  in  which  it  is  made. 

Bright's  shackles  are  practically  obsolete  as  in  Kngland, 
but  they  are  still  used  here  and  there  in  spite  of  the  large 
and  direct  surface  they  offer  for  leakage. 

Black  insulators  of  the  Urge  P.O.  pattern  made  from  a 
bituminous  composition  have  been  given  a  trial  in  several 
of  the  Colonics  but  they  are  not  highly  spoken  of.  The 
chief  value  claimed  for  them  is  that  they  are  not  so  con- 
spicuous as  white  insulators  and  tlierelorc  less  likely  to 
suffer  from  stone-throwing. 

Glass  insuLitors  so  much  used  in  the  I'liited  Stales  and 
Canada,  where  the  climate  is  dry,  are  not  ii<ed  to  any  extent 
in  the  Crown  Colonics  and  not  at  all  in  South  Africa. 
The  inferior  insulation  of  glass  as  compared  with  porcelain 
has  been  against  its  adoption.  Some  insulation  leslsof  porce- 
lain and  glass  insulators  of  the  same  size  and  shape,  carried 
out  for  the  author  recently,  gave  an  average  of  so.ooo 
m-gohmv  for  the  formir  and  3,500  for  the  latter.  Both  types 
•  in  water  for  72  hours  and  tested 
"  lie  conditions,  (jlass  insulators  .ire 

niiKii  attected  by  changes  of  temperature  and  arc  liable 
to  flv  to  pieces  even  when  these  changes  are  compara- 
livi  ly  slow.  In  India  where  glass  insulators  were  tried 
tlay  h.id  to  be  abandoned  because  of  this  weakness. 
Where  thev  arc  U!»cd  on  iron  spindles  a  cushion  of  wood 
■  \i  the  case  in  Ameiica  and  Canada. 
'  ■    are    Ic^s    affected    by    temperature 

V  arc  tougher  and  when  used  in  the 
'  r  on  screwed  spindles  with  elastic  washers 
<'i  (cll  or  IndiarublKrr  they  arc  quite  reliable.  Fell 
wathcr*  arc  generally  used  to-day.  They  arc  cheaper 
than  rubl>cr  and  cqii.iJly  efficient.    Whctc  porcelain  in- 


sulators are  fixed  to  the  spindles  by  a  non-elastic  cement 
they  are  liable  to  be  shattered  during  rapid  changes  of 
tempcr.iture.  Porcelain  insul.itors  of  Continental  make  have 
been  used  in  some  of  the  Colonies  but  they  are  extremely 
brittle,  and  it  is  no  uncommon  thing  for  the  internal 
threads  to  be  completely  broken  away  by  the  swaying 
of  the  line  wire  after  the  insulators  have  l>een  in  use  a 
few  months.  The  insulation  of  a  line  is  a  matter  of  the 
first  importance.  The  best  insulator  gi^'es  the  best  service, 
and  the  author  is  prepared  to  s;iy  th  it  no  insulators  made 
are  to  be  compared  either  for  insulation,  strength,  or 
general  serviceableness  with  the  British  Post  Office 
standard  porcelain  types  as  made  in  Kngland. 

In  some  Colonies  porcelain  insulators  having  a  groove 
across  the  top  for  the  line  wire  arc  used.  The  method  of 
binding  in  is  not  so  convenient  or  reliable,  and  if  a  binder 
gives  w.iy  there  is  a  risk  of  the  line  wire  falling  on 
the  outside  of  the  cup  and  causing  damage  to  traffic 
below.  Where  the  top  groove  is  not  used  to  carry  the 
line  wire,  as  is  frequently  the  case,  there  is  no  object 
in  providing  it,  as  it  only  adds  to  the  cost  of  the  cup. 

Ciiniii/ii. — The  arms  generally  used  are  of  British 
Columbia  fir.  A  fi-wire  arm  used  by  the  Grand  Trunk 
System  is'  7  ft.  long  by  ^J  in.  by  3J  in.  The  insulators  are 
spaced  18  in.  apart  at  the  pole,  and  15  in.  between  the 
insulators  on  each  side  of  the  pole,  the  end  holes  being 
3  in.  from  the  end  of  the  arm.  The  spacing  of  the  arms  is 
:  22  in.  The  arms  used  by  the  Can<idian  P.icific  Company 
arc  6  ft.,  7  ft.  6  in.,  and  8  ft.  for  4,  6,  and  8  wires  respec- 
tively, the  end  holes  being  4  in.  from  the  ends  of  the  arm 
in  each  case.  The  spacing  between  arms  is  24  in.  The 
:  Great  North-Western  Company's  arms  are  somewhat 
simiLir  but  the  arm  spacing  is  20  in. 

On  telephone  lines  6  and  io-\virc  .arms  are  used,  but  the 

10- wire  is  the  general  sland.ird.     The  spacing  is  usually 

12  in.  between  cups,  with  18  in.  at  the  pole,  and  the  arms 

are  generally  spaced  24  in.  apart,  although  22  in.  is  used  by 

'    some  administrations. 

All  arms  are  supported  by  two  galvanized  braces. 
Double  cross-arms  fixed  in  the  same  plane  on  the  opposite 
sides  of  the  pole  and  bolted  together  by  means  of  shoulder 
bolls  are  much  used  on  terminal  poles.  These  arms  are 
usually  further  strengthened  with  b.ick  braces.  Wood 
side  blocks  or  brackets,  screwed  at  the  top  to  take  the 
insul.itor  and  screwed  to  the  pole,  are  often  used  where 
only  a  few  wires  are  erected. 

Both  porcelain  and  glass  insul.itors  arc  used  on  both 
telegraph  and  telephone  lines  ;  but,  owing  to  the  wonderful 
I  dryness  of  the  climate,  glass  is  found  to  give  sufficient 
insulation  in  most  localities  and  is  largely  used,  mainly  in 
the  single-shed  form.  Where  high  insulation  is  required 
on  both  telephone  and  telegraph  circuits,  .is  on  long- 
distance lines  and  in  wet  districts,  porcelain  is  used.  The 
insulators  arc  usually  held  on  wood  pins,  screwed  with  a 
l.irgc  thread  to  take  a  corresponding  Ihieail  in  the  insulator. 
This  pin  li.is  a  tapering  shank  winch  tils  ligidly  into  the 
hole  in  the  arm.  In  some  cases  .t  steel  pin  is  used  with 
iron  washer  and  nut  at  the  .inn  end  and  with  a  wood  thimble 
on  the  top  end  to  take  the  insul.itor.  Kig.  (>  is  a  typical 
illustration  of  pole-line  construction  in  Canada. 

Australia. — Woo<l  .inns  md  single  iron  brackets  are 
used  on  both  wood  and  iron  poles.  The  arms  are  got  from 
timl>cr  from  one  or  other  of  the  great  variety  of  eucalyptus 
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trees  which  are  plentiful  in  the  country.  "They  are  usually 
of  3  in.  square  section  with  the  edges  chamfered.  The 
standard  lengths  are  : — • 


42  in. for 

4 

wires  with 

9  in. 

spacing. 

52   „ 
52   ., 
78   „ 
80   „ 

4 
6 

8 

10 

14 
7 
9 
7 

96   „ 

10 

9 

The   spacing  at  the  pole  is    18  in.  in  all  cases,  and  the 
distance  from  the  end  spindle  hole  to  the  end  of  the  arm 


U  cupholders  with  British  Post  Office  pattern  insulators 
are  used  for  terminating  wires  for  transposition  purposes. 
Special  transposition  insulators  are  also  used. 

The  "  cheaply  constructed  line "  is  a  novel  feature 
authorized  by  the  Commonwealth  Department.  The 
methods  to  be  adopted  in  this  class  of  work  are  fully 
described  in  a  set  of  Instructions  on  the  subject.  Such  a 
line  is  only  erected  when  the  cost  of  a  standard  pole  line 
is  prohibitive,  and  it  is  erected  on  trees,  saplings,  scant- 
lings, and  fences.  Owing  to  the  low  efficiency  of  the 
insulation  this  class  of  line  is  used  almost  exclusively  for 
local  telephone  services.     No  hard-and-fast  rules  are  laid 


Fig.  6. — Pole-line  construction,  Canada. 


is  3  in.  The  arms  are  fixed  at  14-in.  centres  on  the  poles. 
Wood  poles  are  slotted  to  a  depth  of  i|^  in.  to  take  the 
arms,  and  the  latter  are  fixed  by  means  of  -J-in.  bolts  each 
with  a  square  washer  ^  in.  thick  under  both  head  and  nut. 
Wood  arms  are  used  on  rail  poles. 

The  standard  insulators  used  are  of  porcelain  or  stone- 
ware of  double-shed  type  and  made  in  two  sizes.  They 
are  threaded  internally  and  are  usually  carried  on  wood 
pins  similarly  threaded,  although  iron  spindles  with  lead- 
screw  tops  are  also  used.  The  wood  pins  are  made 
to  fit  tightly  into  the  wood  arms.  Where  there  is  a 
possibility  of  the  wire  lifting  the  pins  out  of  the  arm  or 
bracket  a  piece  of  200  lb.  galvanized  iron  wire  is  passed 
through  a  hole  in  the  shank  of  the  pin  and  the  ends  twisted 
together.  Double  terminal  irons  (or  shackles,  as  they  are 
called)  with  standard  insulators  and  steel  spindles  and  also 


down  as  to  the  kinds  of  supports  to  be  used,  but  preference 
is  given  to  trees  and  scantlings.  Where  saplings  are  used 
they  must  be  not  less  than  12  ft.  long  and  2^  •"•  •" 
diameter  at  the  top  end.  Scantlings  must  be  of  hard 
wood  not  less  than  2  in.  by  3  in.  in  section  and  10  ft.  long. 
Swan-neck  spindles  with  pattern  A  or  B  insulators  are  the 
standard  on  straight  sections  of  line.  Where  the  wire  is 
attached  to  a  tree  a  sling  insulator  as  illustrated  in  Fig.  7 
is  used.  This  is  bound  to  the  tree  by  means  of  a  strand  of 
four  No.  14  gauge  galvanized  iron  wires  which  is  passed 
through  the  thimble  on  the  sling.  The  line  wire  is 
passed  through  the  hole  in  the  barrel  insulator  and  the 
tension  on  the  wire  is  always  in  such  a  direction  as  to 
draw  the  insulator  away  from  the  tree.  Similar  slings 
12  in.  in  length  are  used  on  angle  poles.  Where  the  wire 
is  carried  on  fencing  posts  barrel  insulators  of  the  same 


108  WEIGHTMAX:   COLONIAL   TELEGRAPHS   AND   TELEPHONES. 


type  arc  employed.  They  arc  fixed  with  spikes  and  the 
wire  is  taken  over  the  top  of  the  insulator  and  bound 
thereto. 

Nnr  Zealand. — The  question  of  pwie  arms  is  a  vexed 
one  owing  to  the  scarcity  of  suitable  timlicr  for  the 
purpose.  The  arms  in  use  are  mostly  of  Rata  wood  which 
is  hard  a;  .•  in  every  way.  but  difllicult  to  obtain. 

They  .Uf  iigths  to  oirry  2,  4.  6,  8,  and  10  wires, 

but  4,  6,  and  ^  arc  more  generally  employed.  For  light 
wires,  as  on  telephone  exchange  distribution,  the  arms  arc 
spaced  12  in.  apart  on  the  poles,  and  the  insulators  are 
placed  9  in.  apart.    On  hc;ivy  trunk  and  telegraph  lines 

Thimble  G.S. 

T 


Kit..  7. — liaiiel  insulator  with  sling  (Australia). 

the  spacing  between  arms  is  18  in.  and  between  the 
insulators  12  in.,  the  space  at  the  pole  being  18  in.  in  alt 
tasc».  The  insulators  used  are  of  standard  Post  Oflice 
white  porcelain  types,  the  large  si/.c  on  heavy  lines  and 
the   small   mzc   im   exchange   distribution  work.     On   the 

"1  also  the  Sinclair- 

.    used.     Iron  arms 

in.uiu  Iruni  a  black  composition 

.c    not    given    satisfaction.     The 

i  to  roughen  and  the  insula- 

' -■■      i ' ■  .>!  angle  poles  the  wires  have 

cut  the  lops  oH  these  insulators. 

LiXB   WiRt. 

'■'ii.— Galvanized  iron  wire  is 

,^!i  for  minor  telegraph  circuits 

joo  lb.  and  400  lb.  wire*  arc  »till  employed  considerably  ; 


SCO  lb.  wire  is  also  used  to  some  extent  for  unimportant 
telephone  circuits.  The  author  knows  one  colony  where 
iron  wire  of  gauges  of  60  Ih.,  150  lb..  300  lb.,  450  lb., 
600  lb.,  and  900  lb.  arc  used.  The  local  authorities  may 
have  some  special  purpose  to  serve  in  using  the  heavier 
gauges,  but  if  it  I've  to  obtain  higher  conductivity  the 
object  would  be  better  attained  by  using  equivalent  copper 
wires.  This  would  improve  the  wire-carrying  cap.-icity  of 
the  pole  lines  and  relieve  them  of  the  specially  strong 
fittings  which  the  heavy  wires  require. 

For  long  dist.-incc  telegraph  lines  150  and  200  lb.  copper 
wires  arc  used.  Practically  all  telephone  circuits  arc  of 
copper.  In  South  Africa  70  lb.,  100  lb.,  150  lb.,  200  lb., 
300  lb.,  and  400  lb.  gauges  arc  used  according  to  the  grade 
of  service  required.  The  tclcplione  trunk  wires  arc  gene- 
rally erected  on  the  twist,  and  on  main  lines  and  as  a 
matter  of  economy  both  telegrapli  and  telephone  circuits 
are  erected  on  the  same  poles.  In  cases  where  separate 
pole  lines  arc  erected  for  telephone  circuits  the  wires  arc 
transposed  on  U  cupholders. 

The  70  lb.  wire  is  used  for  local  distribution  on  tele- 
phone exchange  systems,  and  for  tliis  service  it  is  in  the 
author's  opinion  a  useful  and  adequate  wire.  In  some 
directions  40  lb.  bronze  wire  is  used,  and  while  this  has  the 
advantage  of  strength  and  ligtitness  where  a  large  number 
of  wires  has  to  be  erected  on  the  same  pole  line  it  has  the 
great  disadvantage  of  low  conductivity.  In  present-day 
practice  open  wire  distribution  is  usually  restricted  to  a 
comp.-iratively  small  number  of  wires,  so  that  the  advan- 
tages of  using  the  sm.ill  bronze  wire  have  disappeared. 
As  any  or  all  circuits  on  a  telephone  exchange  may 
require  long-distance  connection  it  is  desirable  to  keep  the 
resistance  of  the  subscribers'  loops  as  low  as  possible,  and 
70  lb.  copper  is  a  satisfactory  wire  for  this  purpose. 

Bronze  wire  usually  1501b.  per  mile  is  employed  in  some 
colonies  for  long  spans,  but  not  largely,  and  copper  clad 
steel  wire  has  also  been  used  to  a  slight  extent.  In  two 
colonies  where  this  latter  wire  has  been  tried  it  h.as  quickly 
broken  down  owing  to  moisture  penetrating  the  copper, 
probably  througli  defects  caused  in  the  handling,  and 
causing  corrosion  of  the  steel  core.  Where  it  is  erected 
near  the  sea  the  thin  coating  of  copper  is  soon  eaten  away 
and  tlic  life  of  tlie  wire  is  very  short  indeed. 

In  situations  where  the  insulation  of  open  wires  m.iy  be 
lowered  from  any  cause,  hard-drawn  copper  and  bronze 
wire  with  a  special  insulation  to  a  Post  Ofl'icc  specification 
is  sometimes  used.  This  insulation  consists  of  im- 
pregnated paper,  cotton  lapped  and  braided,  the  braiding 
being  impregn.ited  willi  a  weatherproof  composition  the 
basis  of  which  is  red  lead.  This  compound  is  impervious 
to  moisture  and  its  waterproof  properties  .ippear  to 
improve  with  cxpo.sure  to  the  air. 

The  Britannia  joint  is  commonly  used  for  jointing  both 
iron  and  copper  wires,  but  here  and  there  Mclntyre 
sleeves  of  both  oval  and  twin  lube  type  have  been  intro- 
duced. The  autlior  has  all  along  f.ivourcd  the  wire  joint, 
as  with  native  workmen  there  is  less  risk  with  it.  In  in- 
expert hands  the  sleeve  is  liable  to  be  badly  twisted  and 
the  wire  damaged.  On  the  other  hand,  with  the  sleeve 
the  soldering  iron  is  dispensed  with,  and  this  is  certainly 
a  great  .idvautagc  in  a  country  where  the  work  is  in 
.skilled  hands. 

The  practice  as  to  terminating  line  wirck  varies.    That 


WEIGHTMAX  :   COLONIAL   TELEGRAPHS   AND  TELEPHONES. 


109 


favoured  by  the  author  was  to  terminate,  on  both  sides  of 
a  road  or  railway  crossing,  at  acute  angle  poles  ;  also  every 
half  mile  on  heavy  routes,  and  every  mile  on  light  routes, 
all  terminating  points  being  securely  sta\-ed. 

The  usual  British  Post  Ofifice  method  of  binding  is 
adopted,  copper  tapes  and  binders  being  generally  used 
with  copper  line  wires  of  gauges  from  loo  lb.  upwards, 
and  No.  16  iron  wire  with  iron  line  wires. 

Earth  plates  of  both  galvanized  iron  and  copper  are 
used.  The  former  costs  about  half  the  latter  and  serves 
the  purpose  equally  well.  Care  should  be  taken  to  have 
plates  of  the  same  material  at  both  ends  of  the  wire.  In 
Canada  galvanized  iron  rods,  which  are  driven  well  into 
the  ground,  are  largely  used. 

Canada. — Copper  and  iron  wire  are  both  used  largelj'on 
both  telegraph  and  telephone  systems.  The  Great  North- 
western Company  use  210  lb.  copper  for  the  principal 
telegraph  circuits,  for  others  they  use  Nos.  6,  8,  and  9 
iron.  The  Canadian  Pacific  Companj-'s  standards  are 
210  lb.  copper  for  long-distance  telegraphs  and  No.  8 
iron  on  other  lines.  On  their  Montreal-Vancouver 
line  they  have  a  300  lb.  copper  conductor.  The  Grand 
Trunk  use  iron  wire  of  Nos.  6,  8,  and  9  gauges,  and  copper 
of  210  lb.  gauge.  They  also  use  copper-clad  steel  wire 
weighing  245  lb.  per  mile  on  short  sections  in  the 
mountains  where  the  tensile  strength  of  the  copper  is  not 
sufficient  to  withstand  the  severe  strain  of  the  hea\'y  wet 
snow  and  ice  which  accumulate  on  the  wires  there. 

The  Telephone  Administrations  generally  use  No.  12 
iron  for  their  open  exchange  lines  and  on  unimportant 
rural  fines,  while  copper  of  different  gauges  to  meet  the 
requirements  of  the  services  is  used  on  the  important  fines. 
The  rural  companies  generally  use  No.  12  iron.     - 

The  open  telephone  circuits  in  Canada  are  transposed. 
The  system  of  transposition  is  based  on  that  of  the 
American  Bell  Telephone  and  Telegraph  Company  and  is 
worked  out  in  a  very  thorough  manner.  On  the  shorter 
circuits  two-piece  glass  transposition  insulators  on  the 
same  pin  are  used,  while  on  the  longer  circuits  two  insu- 
lators of  either  glass  or  porcelain  are  employed,  a  special 
bracket  being  used  to  carry  the  second  insulator  which 
comes  directly  under  the  first.  Phantom  telephone  circuits 
superimposed  on  physical  circuits  are  largely  used  and 
special  transpositions  are  arranged  in  these  cases. 

Mclntyre  sleeves  are  employed  generally  for  making 
joints.  On  copper  wires  copper  sleeves,  and  on  iron  wires 
steel  sleeves,  and  also  tinned  copper  sleeves,  are  used. 

As  a  rule  the  line  wires  are  bound  to  the  insulators  by 
a  length  of  wire  of  the  same  gauge  as  the  fine  wire.  It  is 
taken  round  the  neck  of  the  cup,  one  end  is  passed  over 
and  the  other  under  the  line  wire,  and  each  end  is  given 
five  complete  long  tight  wraps  around  the  fine  wire. 

Fanners'  litus  on  fences.— There  are  a  few  lines  of  this 
character  in  Canada.  The  fences  generally  consist  of 
three  separate  strands  of  barbed  wire  on  wood  posts, .the 
top  strand  being  15  to  20  in.  from  the  next.  The  top  wire 
is  used  for  the  line  and  it  is  not  usually  insulated  in  any 
way  but  merely  stapled  to  the  posts.  The  earth  is  used 
for  the  return.  In  dry  weather  no  great  amount  of  leakage 
takes  place  owing  to  the  extreme  dryness  of  the  atmo- 
sphere, and  fairly  satisfactory  talking  is  possible  over  short 
distances ;  but  in  wet  weather  the  speech-transmission 
value  of  such  lines  is  verv  poor.     In  a  few  instances  the 
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line  wire  is  insulated  on  porcelain  knobs.  At  creeks  and 
road  crossings  the  line  wire  is  raised  on  poles.  These  fines 
are  not  permitted  to  be  joined  up  to  public  exchanges. 

Auslralia. — For  main  trunk  telephone  circuits  copper 
wire  300  and  400  lb.  per  mile,  and  for  minor  trunk  circuits 
which  connect  with  the  main  trunk  system  100  and  200  lb. 
per  mile,  is  used.  For  other  minor  trunk  lines  and  also 
for  telegraph  circuits,  other  than  those  on  which  fast 
speed  Wheatstone  is  employed,  200  and  400  lb.  galvanized 
iron  wire  is  used.  For  the  high-speed  circuits  copper 
wire  is  provided.  Galvanized  iron  wire  suffers  very  fittle 
from  corrosion  except  when  erected  on  the  sea-coast. 
Phosphor  bronze  wire  is  used  for  subscribers'  circuits  on 
telephone  exchange  systems,  so  also  is  copper  wire  of 
50  lb.  and  70  lb.  gauges.  All  joints  are  made  by  means 
of  Mclntyre  or  other  approved  type  of  sleeve.  The  use 
of  vices,  draw  tongs,  or  grips,  with  roughened  edges  for 
straining  the  wires  is  not  allowed.  The  standard  British 
Post  Office  method  of  binding  in  is  followed. 

New  Zealand. — Copper,  iron,  and  bronze  fine  wire  is 
used.  Copper  wire  of  100  lb.,  150  lb.,  200  lb.,  300  lb.,  and 
400  lb.  isi  employed  generallv  for  telephone  circuits  of 
importance,  and  also  for  long  telegraph  circuits.  Iron 
wire  of  150  lb.,  200  lb.,  and  400  lb.  has  been  much  used 
in  the  past  and  is  still  being  erected  for  both  telegraph 
and  telephone  purposes,  but  it  is  being  less  used  than 
formerly.'  200  lb.  iron  wire  is  much  used  for  medium- 
length  telegraph  and  telephone  circuits  where  copper  is 
considered  too  costlv.  Bronze  wire  of  40  lb.  gauge  is 
used  on  exchange  distribution  lines.  The  Mclntyre  sleeve 
is  not  used,  all  joints  being  of  the  "Britannia"  standard 
type. 

Fence  wires  are  often  used  by  the  farmers  for  telephone 
purposes  as  in  Canada. 

Telegr.aph  Systems. 

Crown  Colonies.— In  the  Crown  Colonies  Post  Office 
standard  apparatus  is  in  general  use,  and  the  circuits  are 
to  Post  Office  diagrams.  Single  needle,  single  and  double- 
current  Morse,  double-current  duplex  and  quadruplex  are 
employed  in  the  different  Colonies.  The  Cardew  vibrator 
is  also  used  a  good  deal,  in  some  cases  superimposed  on 
Morse  lines,  and  also  in  place  of  the  Morse  on  lines  that 
suffer  chronically  from  low  insulation. 

In  British  East  Africa  and  Uganda,  Wheatstone  auto- 
matic has  been  introduced  with  Gell  keyboard,  and 
ordinary  mechanical  perforators. 

The  Vyles  polarized  sounder  is  replacing  the  sounder 
and  relay,  and  is  also  being  adopted  with  condensers  on 
Central  battery  omnibus  circuits.  The  standard  practice 
on  these  circuits  is  to  use  a  voltage  of  80  with  a  feed 
resistance,  non-inductive,  of  1,000  ohms  between  the 
battery  and  the  fine.  The  sounders  are  wound  to  2,000 
ohms  and  the  condenser  is  of  4  mfd.  capacity.  On  a 
fine  of  150  lb.  copper,  120  miles  in  length,  the  author 
found  working  was  improved  by  introducing  sufficient 
non-inductive  resistance  into  the  line  tapping  at  each 
station  to  make  the  resistances  of  the  tappings  at  all 
stations  uniform.  Where  primary  cells  are  used,  the 
practice  is  to  use  a  2,000  ohms  feed  resistance. 

At  Colombo,  Ceylon,  the  Baudot  sj'stem  has  been  in- 
stalled on  a  circuit  800  miles  in  length,  connecting  with 
Madras.     There  is  usuallv  one  repeater  in  the  circuit,  but 
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icn  carried  on  satisfactorily.  The 
M  that  Used  by  the  ludi.in  Govern- 
mtially  from  I'ost  Ofticc  practice  in 
.■rs  as  well  as  receivers  arc  motor  driven. 
A  .is  experienced  at  the  start  owing  to  the 
storage  batteries,  which  were  already  in  use  for  other 
tt '  -es.   licing    of    very    low    capacity,    viz. 

i^  The    trouble    was    overcome    by    the 

moiu.'  w.:cui!s  being  tapped  off  diflfercnt  sections  of  the 
Itattcrv,  so  that  only  one  motor  was  run  off  the  one  lot 
of  cells.  With  this  arrangement  there  was  no  further 
trouble. 

This  system  was  introduced  to  fit  in  with  standard 
practice  in  India.  The  native  Morse  operators  quickly 
picked  up  the  new  alphabet  and  became  expert  in  mani- 
pulating the  instruments.  The  double  set  installed  in  the 
first  place  was  soon  afterwards  duplexed  satisfactorily. 
This  experience  should  be  of  value  to  other  Administrations 
whose  traflic  is  on  the  increase.  The  Morse  is  un- 
doubtedly better  suited  to  native  operators  than  the  more 
delicately  constructed  type-printing  app.-iralus,  and  it  will 
continue  to  hold  its  own  on  ordinary  lines  and  even  on 
lines  on  which  the  traffic  is  sufficient  to  require  a  Morse 
duplex  to  carry  it.  But  for  heavier  traffic  one  or  other  of 
the  type-printing  multiplex  systems,  of  which  there  are 
several  now  on  the  market,  will  be  found  to  give  better 
results  than  either  the  Morse  quadruplex  or  the  Wheat- 
stone. 

In  1910  the  British  I'ost  Office  designed  a  secondary 
cell  equipment  on  cheaper  lines  thao  that  which  embodies 
the  charging  cabinet  with  rotary  switches,  referred  to 
later,  and  in  which  the  charging  bo.ard  is  so  arranged 
that  the  different  sections  of  the  battery  arc  charged  in 
turn  and  while  they  arc  at  work.  No  spare  cells  arc 
provided,  but  if  a  section  of  the  battery  breaks  down  or 
has  to  be  disconnected  for  any  purpose  the  charging 
machine  can  be  joined  up  in  place  of  the  disconnected 
set.  The  Chief  Kngineer  of  the  Federated  Malay  St.iles 
is  installing  plants  of  this  character  at  Kuala  Lumpur 
and  at  Ipoh.  The  volLages  available  will  be  24  for 
locals,  40,  80,  and  120  positive  and  negative  for  lines. 
The  cell  adopted  is  of  the  45  ampere-hour  Hart  type. 
They  will  be  charged  direct  from  a  petrol-driven 
generator  at  l(>oh,  and  off  a  motor-generator  at  Kuala 
Lumpur.  In  this  equipment  the  main  distributing 
cabinet  is  dispensed  with,  and  a  cabinet  combining  the 
fn  I   this  and  the   instrument    table    distributing 

ail  I  c  is   substituted.       l.anlern    slides     illustrate 

the   chargmg   bo.ird   and   the   combination    cabinet,   the 

main  f"-.     ' ■■  "■  -'Miled  on  a  slate  panel  at  the  bottom. 

Line    :  t    switch  spring   type   equipped    for 

4obncvwi<ri  laiiiiig."  "grouping,"  and  "intermediate 
returns"  stripi.  arc  bciii^  installed  with  this  equipment. 

'  iidary  cells  should  be 

•  I'  III  impoilant  one,  and 

••  ilicr  by  the  mere  rin-mcial 

»■''  •       n    the     substitution.       The 

equipment  i»  not  costly,  the  con«tancy  of  the  voltages 
.,1  vr.ri,i.,rt  and  there  arc  no  complaints 
ly  common  with  primary  cells  ; 
not  l»c  nicasiiicd  in  (.  s.  tl. 
the  nunibei  o(  prim.vy 
111  u>e  I.V  civLi  21.JU  jiiil  a  local  niipply  of  current  it 
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available  for    charging,  the    adoption    of   this   system  is 
worth  considering. 

Leclanche  porous-pot  form  cells  are  much  used  on 
ordinary  line  and  local  circuits.  In  some  directions 
weird  types  of  Uaniell  and  gravity  cells  arc  still  used, 
notwithstanding  the  practice  of  the  British  I'ost  Office 
in  this  respect,  referred  to  later.  With  some  engineers 
the  old  reputation  of  the  Daniell  for  heavv  work  and  con- 
stancy of  current  remains,  and  in  the  same  way  the 
Ixrclanche  is  still  erroneously  regarded  bv  many  as 
suitable  only  for  light  intermittent  work,  and  the  pre- 
judice against  it  for  heavy  work  dies  hard. 

The  lightning  discharger  chiefly  used  on  telegraph  lines 
is  the  I'ost  Office  carbon  disc  with  mica  disc  separator. 
The  large  double-plate  discharger  is  also  used  in  some 
Colonies. 

South  Africa. — In  South  Africa  Post  Office  stand.-»rd 
apparatus  is  also  in  general  use.  Double-current  simplex, 
duplex,  quadruplex,  Whcatstone  automatic,  and  Creed 
systems  are  in  operation.  Single  needles  with  tapper  keys 
arc  used  on  omnibus  circuits  connecting  with  railway 
stations  in  the  Nat.-il  Province.  For  this  class  of  circuit 
they  arc  probably  more  suitable  than  any  other  type  of 
iustrument.  They  require  no  adjustment,  and  respond  to 
signals  of  varj'ing  strtyigth  within  wide  limits.  In  the 
Lirger  offices  the  double-plate  sounder  takes  the  place  of 
the  single  needle.  The  Vyles  polarized  sounder  is 
replacing  the  relay  and  sounder,  and  it  is  also  being 
adopted  on  centr.1l  battery  omnibus  circuits,  and  on  con- 
centrator systems.  The  author  regards  this  system  as 
one  of  the  greatest  developments  in  telegraphy  in  recent 
years.  It  has  the  centralized  battery  feature  of  the  closed- 
circuit  system  without  the  waste  of  current  that  takes 
place  with  the  latter,  while  under  the  charge  and  discharge 
process  of  opcr.ition  it  has  the  positive  action  of  a  double- 
current  system.  There  should  be  a  large  field  for  the 
application  of  this  system  on  tlie  many  unimporlanl 
omnibus  circuits  that  run  out  from  centres  in  the 
Dominions  and  Colonies. 

The  duplex  and  quadruplex  systems  are  employed 
between  centres  according  to  traffic  requirements.  One  of 
the  longest  quadruplex  lines  is  that  between  Durban  and 
Johannesburg,  about  350  miles  by  line,  and  this  works  quite 
satisfactorily  without  a  repealer.  Trouble  used  to  be 
experienced  on  the  H  side  with  the  old  form  of  rcpe.iting 
sounder,  but  this  disappeared  when  the  I'ost  Oflice  con- 
denser svstem  w.as  substituted.  The  A  side  of  this 
circuit  is  sometimes  repeated  at  Johannesburg  to  the  Slock 
Kxchange  there,  so  as  to  give  direct  communication  with 
Durban  during  Stock  F:xcliangc  hours.  In  other  direc- 
tions, and  on  circuits  of  greater  length,  full  qu.idruplcx 
repeaters  are  employed. 

The  Wheatstone  aulomalic  has  been  in  use  between  the 
main  centres  for  many  ye.irs,  and  the  Creed  app.iralus  has 
been  introduced  more  recently.  The  decision  to  adopt 
this  l.itter  system  followed  an  investigation  by  the  Ivn- 
gineer-in-Chief  of  South  Afiiea  of  the  various  heavy  Iralfic 
systems  in  use  in  F^urope  and  America,  and  for  the  con- 
ditions prevailing  in  St>uth  yVfiica  and  the  system  of  tr.iflTic 
circulation  proposed  it  is  admirably  suited.  Wheitstonc 
apparatus  w.is  alie.idy  in  use  at  .all  the  principal  centres, 
so  that  it  was  an  easy  matter  to  add  the  Ciecd  outfit.  Long 
distances  separate  the  chief  towns,  and  in  the  event  of  a 
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line  breakdown  the  work  can  be  punched  up  at  each  end 
ready  for  passage  through  the  transmitters  once  communi- 
cation is  restored.  Another  point  of  value  is  that  if  the 
special  apparatus  should  fail  tlie  stations  can  fall  back  on 
ordinary  Wheatstone  working.  The  Creed  circuits  are 
worked  duplex,  and  high-speed  duplex  repeaters  are 
employed  on  them  where  necessary.  One  of  the  longest 
of  these  circuits  is  that  between  Cape  Town  and  Johannes- 
burg, about  i,ooo  miles,  and  this  has  two  repeaters  on  it. 
The  latest  type  of  sounder  silencer,  that  recently  brought 
out  by  the  Automatic  Telephone  Company,  on  the  prin- 
ciple sugijested  by  Major  A.  C.  Booth  of  the  British  Post 
Office,  is  being  installed.  Motor-driven  transmitters  have 
been  introduced,  the  motors  being  of  the  type  adopted 
by  the  Post  Office.  These  motors  are  rather  small  for 
their  work,  as  between  their  cold  and  hot  condition  they 
are  subject  to  a  variati  '.n  of  speed  which  is  a  serious  dis- 
advantage when  working  in  conjunction  with  a  Creed 
perforating  receiver.  This  difficulty  is  being  got  over  by 
the  adoption  of  a  larger  motor.  Both  Gell  and  Kotyra 
keyboard  perforators  as  well  as  ordinary  mechanical  per- 
forators are  in  use. 

Test  bo.\es  of  U-link  pattern  are  in  general  use  in  the 
smaller  offices.  In  the  larger  centres  test  boards  of  Post 
Office  standard  switch  spring  type  have  been  mstalled. 
For  ordinary  line  fault-testing  the  "test  box  detector" 
with  commutator  is  used,  and  for  this  purpose  it  is  a 
simple  and  adequate  instrument.  For  insulation-resistance 
testing  the  Evershed  "  Megger"  is  employed.  High-grade 
vulcanized  rubber-covered  wires  of  Nos.  i6,  i8,  and  20 
S.W.G.  are  used  for  leading-in  purposes  at  the  smaller 
offices,  and  7/22  S.W.G.  for  earth  leads. 

At  the  principal  offices  the  working  current  is  got  from 
secondary  cells  with  charging  and  distribution  equipment 
of  Post  Ol'fice  standard  design  comprising  the  main 
charging  cabinet  fitted  with  rotary  switches,  main  dis- 
tributing cabinet,  and  instrument-table  distribution  and 
fuse  cases.  As  a  rule  the  batteries  are  charged  by  motor- 
generators  vvhicli  are  run  off  the  local  supply  mains,  and 
the  standard  voltages  of  24  for  local  circuits,  and  40,  80 
and  120  positive  and  negative  for  the  line  circuits,  are  pro- 
vided. On  the  40  and  8o-volt  le.ads  protective  metal-cased 
resistances  are  inserted  in  the  battery  leads  at  the  instru- 
ments, while  on  the  120- volt  leads  lamp  resistances  are 
provided  for  the  same  purpose. 


principle  of  using  Leclanche  cells  for  all  purposes  up  to 
the  point  where  storage  cells  can  be  installed,  adopted 
by  the  British  Post  Office  after  the  searching  investiga- 
tions of  Mr.  Lucas,  is  being  applied  as  circumstances 
permit.  These  investi.gations  proved  the  great  suitability 
for  heavy  work  of  the  porous-pot  type  of  cell  when  charged 
with  a  finely  granulated  form  of  depolarizing  mixture  :  it 
is,  besides,  the  cleanest  and  easiest  cell  to  handle,  and 
there  is  no  waste  of  material  when  the  cell  is  in  disuse. 
The  "sack"  form  of  Leclanche  cell  is  even  more  suitable 
than  the  porous-pot  form  where  heavy  currents  are  re- 
quired, owing  to  its  lower  internal  resistance.  Its  initial 
cost  as  compared  with  the  porous  pot  is,  however,  against 
it.  Dry  cells  are  only  used  on  telegraph  work  where 
portability  is  desired. 

Generally  the  instrument  rooms  are  equipped  on  up-to- 
date  British  Post  Office  lines.  T3-pewriters  provided  by 
the  Department  are  used  by  the  operators  in  many  of  the 
principal  instrument  rooms. 

Canada. — In  Canadian  practice  minor  circuits  are  worked 
single  current  on  the  closed-circuit  system,  the  battery 
power  being  divided  generally  between  the  two  terminal 
stations.  In  some  cases  the  battery  power  is  all  at  one 
end.  On  the  more  important  lines  double-current  duplex 
and  quadruplex  are  in  use.  The  Morkrum  printing  system 
is  also  in  use  on  several  of  the  lines  of  the  Canadian  Pacific 
Company.  The  apparatus  generally  is  of  American  make 
and  the  circuits  of  -American  design.  The  Morkrum  printer 
can  be  worked  on  two  methods,  one  by  which  the  sending 
operator  works  a  keyboard  resembling  a  typewriter  key- 
board which  operates  directly  to  line,  the  received  mes- 
sages coming  out  on  an  electrically  operated  typewriter. 
By  the  other  system  the  sending  operator  works  a  similar 
kej-board  which  punches  holes  in  a  continuous  tape.  This 
is  afterwards  fed  into  a  mechanical  transmitter  which 
operates  a  typewriter  of  the  same  type  as  before  at  ihe 
other  end. 

There  is  one  Wheatstone  circuit  between  Montreal  and 
Bamfield,  B.C.,  which  is  leased  by  the  Canadian  Pacific 
Company  to  the  Pacific  Cable  Board,  but  on  the  public 
lines  there  is  no  Wheatstone,  Creed,  Baudot,  Vyles,  or 
single-needle  apparatus  in  use. 

On  many  of  the  longer  telegraph  circuits,  repeaters  are 
employed.  The  longest  lines  and  the  number  of  repeaters 
on  them  are  as  follows  : — 


Company 

Line 

°'Mi"e"'°                       S^^'^"' 

Number  of 

From 

To 

Repealers 

Canadian  Pacific         

„            ,, 

Great  North-Western            

Grand  Trunk 

,,          ,, 

Montreal 

» 

Toronto 

Winnipeg 

Edmonton 

Vancouver 
Winnipeg 

Prince  Rupert 

2,900                    Duplex 
1,400         1     Printer  Duplex 
1,800                    Duplex 
1,746                   Simplex 

953 

1 

2 

2 
2 

I 
I 

At  other  stations  primary  cells  of  both  bichromate  and 
Leclanche  tvpes  are  used,  the  bichromate  on  duplex, 
quadruplex,  and  Wheatstone  lines,  and  in  some  cases 
for  locals  ;  and  the  Leclanche  of  6  block  agglomerate 
and  porous-pot  forms  on  all  other  lines  and  locals.     The 


In  the  larger  offices  the  line  wires  are  connected  to 
spring-jack  switchboards  of  American  design,  and  light- 
ning arresters  are  fitted  at  the  terminals  of  the  leading-in 
cables.  Lightning  arresters  are  used  where  cables  con- 
nect with  aerial  wires,  and  at  intermediate  offices  the  test 
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I-  i  with  arresters.     There  is  quite  a 

-tcrs  in  use.     (icncrally,  they  con- 

lii   brass  pLitcs  with  an  air-gap.      In   the 

(.•y  .ire  placed  in  a  room  behind  the  switch- 
'..  Fuses  are  fitted  sepaotely  where  there  is  a  pos- 
:v  of  contact  witli  hghting  and  power  wires.     In  the 

'.r  offices  the  arresters  arc  (imply  sm.ill  brass  discs  or 

pi-Hc      '        ■     *        ril  to  the  line  strips  on  the  switchlxiard. 
A  I  tc-of-copper  gravity  cell  is  in  general 

use  for  Ix  ::;  iuit  and  local  circuits,  except  at  the  larger 
offices,  where  dynamo  current  is  available  and  where  the 
current  requirements  make  it  worth  while  to  provide  the 
necessary  plant.  The  Canadian  Pacific  Company's  practice 
in  this  respect  is  noteworthy.  Where  power  is  available 
from  two  different  supply  stations,  motor-generators  are 
employed  directly  on  the  line  and  local  circuits.  Two 
scp.aratc  machines  are  provided  for  each  voltage,  one  with 
the  positive  and  the  other  with  the  negative  earthed,  and 
in  each  case  a  stand-by  machine  is  installed.  This  is  used 
to  repl:i-c  either  of  the  two  m.acliines  in  the  event  of 
'  This  means  for  main  line  current  a  separate 

.  c  machmes  for.  say,  125  volts,  another  set  for 
MO  volts,  and  for  the  longest  circuits  another  set  for  400 
volts.  For  local  circuits  machines  giving  15  volts  arc  used 
and  resistance  is  inserted  where  necessary  to  make  all  local 
circuits  uniform. 

Where  power  is  available  from  one  supply  station  only. 

arc  used,  which  are  charged  either  direct 
'  power  leads  or  through  the  medium  of  a 

niotur-gcncrator.  Where  a  motor-generator  is  used  a 
standby  machine  is  only  provided  where  the  office  is 
located  at  some  point  where  it  is  impossible  to  supply 
another  machine,  in  the  event  of  breakdown,  before  the 
storage  battery  would  be  discharged.  With  secondary 
cells  bf'Ih  neg.itivc  and  positive  batteries  are  installed,  and 
stand-by  batteries  of  50  per  cent  the  value  of  the  batteries 
m  use  are  provided.  With,  say,  100  cells  positive  .and  100 
negative,  the  stand-by  batteries  consist  of  ion  cells,  and 
these  are  charged  while  the  other  banks  of  cells  are  in 
operation.  This  is  done  through  a  switching  system 
developed  by  the  staff  of  the  company.  With  the  stor.ige 
iKitterics  current  is  tapped  ofT  at  difTercnt  voltages  so  that 
the  actual  current  required  for  circuits  of  different  lengths 
is  obtained. 

Other  companies  install  a  complete  duplicate  equipment 
'  of  storage  batteries  and  of  direct  motor- 

iiion.     The  voltages  employed  are  notably 

with  I'.rilish  practice. 

il   windings   are   largely   used,  with    siitis- 
'■  o  far. 

i>erators  use  typewriters,  which  they  supply 

'•'■  *'Iorse  sounder  anil  Morse  printer  apparatus 

'*  uv  minor   telegraph   circuits   worked    on    the 

''       ■    duplex  and  tjuadruplex  are 

nils.     Telephones  arc    now 

ilv   Mrirsc  apparatus  would 

I         iiilr<KliK.tiiiii    fif    cither    the 

v   or    Wcttern    Kletinc    miilliplex   or   the    Baudot 

i.tKirr   convideraiion.      The  Wheatiitone   auto- 

!4nl  ute  for  both  ordinary  and  Prcs%  work 

'-■" "■•in  ccIllre^,  ^nd  lhi«  system  han  recently 

httn  extended.     It  ■«  found  to  Ik  quite  reliable  and  satis- 


factory. Creed  apparatus  was  introduced  between  the 
Eastern  and  Western  States  in  191^  and  has  been  in 
regular  use  for  the  p.ist  two  years.  The  arrangement  is 
shown  in  Fig.  S.  Repeater  stations  are  installed  at  the 
points  dotted  between  Perth  and  .\dclaidc.  Standard 
duplex  repealers  are  used. 


Sidney 


Perth 
O 


1.800  milei) 


500  oiTies^el  bourne 


II...  y. 


A  printer  and  perforating  receiver  are  installed  at 
Adelaide.  The  system  suits  the  C-ommonwealtli  traffic 
conditions  fairly  well.  The  maintenance  costs  of  the 
apparatus  are,  however,  found  to  be  high,  and  the  liability 
to  error  is  considerable  unless  constant  and  expert  attention 
is  given.  Each  evening  the  Perth-.Vdclaide  circuit  is 
extended  to  Melbourne  with  a  repeater  at  Adelaide.  This 
is  worked  duplex  and  is  the  longest  telegraph  circuit  in 
regular  use.  It  works  satisf.ictorily  and  for  Press  work 
is  considered  to  be  the  most  economical  one  possible  as 
regards  staff. 

There  .ire  a  few  central-battery  telegraph  circuits  in  use 
litted  with  Vyles  polarized  sounders. 

Secondary  cell  plant  has  been  installed  at  tlie  chief 
telegraph  offices,  and  similar  installations  have  recently 
been  provided  at  country  offices  where  the  conditions 
have  been  found  to  warrant  this  being  done. 

Primary  cells  of  Mcidingcr,  Clravify,  and  Carporous 
types  are  in  use,  but  the  British  I'ost  Office  type  of 
Leclanche  cell  has  recently  been  adopted. 

All  the  principal  circuits  are  equipped  with  typewriters, 
which  arc  now  provided  by  the  Department.  Hitherto 
the  telegraphists  had  to  supply  their  own  machines. 
"Touch  typists ■■  arc  being  trained  with  excellent  results 
to  transcribe  Morse  signals  from  Whcatstonc  tape  for 
delivery  to  the  public.  Some  of  the  typists  have  attained 
a  speed  of  from  50  to  60  messages  per  hour. 

A  reorganization  of  the  circulation  of  traffic  from  small 
offices  has  recently  been  made.  Where* formerly  a  num- 
ber of  small  offices  situated  at  great  distances  from  the 
chief  oflicc  of  a  State,  worked  direct  with  the  Chief  Office 
on  one  wire,  they  are  now  subdivided  and  connected  on 
short  lines  with  distributing  centres  which  have  fast  direct 
communication  with  the  Chief  Office.  This  involves  an 
extra  transmission,  but  the  experience  is  that  the  traffic 
is  handled  more  rapidly  and  congestion  is  reduced  to  a 
minimum. 

Sof  /Zealand. — Single-current  Morse,  both  open  and 
closed  circuit,  Morse  duplex  and  qu.adiuplcx  are  the 
principal  systems  in  use  and  the  app.iraliis  is  generally  of 
British  Post  Olhcc  Ivpc.  Single  needles  have  never  been 
used,  anil  llu-  Whcatstoiic  automatic  was  disc.iriled  some 
years  ago  owing  to  the  delay  winch  was  found  In  be  inci- 
dental to  it.  The  Murray  multiplex  is  being  iiitrnduced 
with  two  quadruple  sets  at  Wclliiigloii,  which  will  con- 
nect with  a  similar  set  at  Auckland,  .ind  aiiothci  at  Christ- 
church.  It  it  considered  that  this  system  will  solve  the 
traffic  problems  of  the  Dominion  belter  than  any  of  the 
other  typc-printiiig  systems. 
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The  longest  telegraph  circuit  is  that  between  Welling- 
ton and  Dunedin,  about  530  miles,  including  a  section  of 
submarine  cable  40  miles  in  length.  Quadruplex  repeaters 
are  used  freely,  and  they  are  forked  to  meet  the  traffic 
requirements.  Vyles  polarized  sounders  have  not  been 
introduced  on  ordinarj'  circuits,  but  they  are  employed 
on  quadruplex  repeaters  instead  of  relays  in  a  good  many 
cases.  For  closed-circuit  single-current  working  the 
battery  power  is  usualh'  divided  between  the  two  ter- 
minal stations,  but  it  is  sometimes  distributed  over  the 
intermediate  offices  as  well.  The  energy  for  the  working 
of  the  telegraph  circuits  is  obtained  from  primary  cells 
of  Callaud,  Bichromate,  Gordon,  and  Leclanche  tj'pes. 
Secondarj'  cells  are  employed  in  the  larger  offices  for 
local  batteries,  but  where  these  are  not  installed,  Leclanche 
cells  are  very  largely  used.  The  Callaud,  and  Gordon  cells 
are  used  for  closed-circuit  working,  and  the  bichromate 
cells  on  the  "  B  "  side  of  the  quadruplex  sets.  Complete 
central-battery  secondary-cell  plant  has  not  so  far  been 
introduced.  The  telephone  is  largely  used  for  the  trans- 
mission of  telegrams,  on  similar  lines  to  those  described 
under  South  Africa,  and  by  its  use  the  most  remote  places 
are  brought  into  touch  with  the  general  sj'stem  of  the 
countr3'. 

Typewriters  are  used  a  good  deal  by  the  operators  in 
the  principal  offices.  These  are  generally  provided  by  the 
Department,  but  in  some  cases  the  men  provide  their 
own  machines,  the  Department  paying  tliem  so  much  a 
month  for  their  use. 

Telephone  Systems. 

C/ou'ii  Colonies. — Throughout  the  Crown  Colonies,  and 
also  in  South  Africa,  the  natives,  who  form  the  large 
majority  of  the  inhabitants,  are  not  sufficiently  educated, 
or  concerned  in  commercial  pursuits  either  to  appreciate 
the  value  of  the  telephone  or  to  use  it.  Development 
statistics  do  not  usually  make  allowance  for  this,  and 
consequently  the  telephone  development  in  these  countries 
does  not  compare  favourably  with  that  of  European  coun- 
tries. If  the  natives  are  left  out,  the  percentage  of  tele- 
phones to  the  population  will  in  most  cases  not  be  lower 
than  the  average  in  Europe. 

In  almost  all  these  Colonies  the  telephones  arc  in  the 
hands  of  the  Government.  On  the  smaller  islands  of  the 
West  Indies  the  simple  magneto  system,  still  worked  in 
some  cases  with  single-wire  circuits,  is  invariably  em- 
ployed, the  distribution  being  by  means  of  open  wires. 

At  Georgetown,  British  Guiana,  there  is  a  magneto 
exchange  equipped  with  multiple  boards  with  electrically- 
restoring  line  signals  for  600  lines.  Both  calling  and 
clearing  are  by  magneto. 

In  Trinidad  the  telephones  are  in  the  hands  of  a  private 
company.  Their  principal  exchange,  at  Port  of  Spain, 
has  a  central-battery  manual  multiple  board  equipped  for 
1,200  subscribers,  with  a  separate  magneto  trunk  section. 
The  distribution  is  by  means  of  underground  cable  in  the 
centre  of  the  town,  but  otherwise  by  open  wires.  The 
climate  is  very  hot  and  damp  and  great  difticulty  is  experi- 
enced in  keeping  up  the  insulation  of  the  board  and  lines 
to  a  suitable  standard  for  central- battery  working.  Some 
of  the  longer  lines  on  this  exchange  suffer  so  badly  in  this 
respect  that  they  have  been  converted  to  magneto  working. 

At  Suva,  Fiji,  a  multiple  magneto  board  on  the  "  ring 


through"  system  is  about  to  be  installed.  This  will  have 
an  ultimate  capacity  of  1,200.  A  trunk  section,  a  calcula- 
graph  section,  and  also  a  party  line  section  for  two  party 
circuits  are  also  being  provided.  The  line  signal  is  a  plug 
restoring  drop  indicator,  and  the  clearing  signal  a  circular 
star-type  galvanoscope  indicator. 

The  author  is  aware  that  there  are  objections  to  the 
adoption  of  this  sj-stem  in  a  large  e.xchange,  but  he  is 
of  opinion  that  for  exchanges  in  countries  where  the 
commercial  conditions  are  not  so  pressing  as  in  large 
centres  the  "ring  through"  has  its  advantages.  A  sub- 
scriber does  not  perhaps  provide  a  special  attendant  for 
his  telephone,  and  if  he  is  busy  when  his  bell  rings  he  may 
not  be  able  to  answer  immediately.  With  the  "ring 
through"  svsteni,  the  calling  subscriber  does  the  ringing, 
and  if  prompt  attention  is  not  given,  a  second,  and  further 
rings  can  be  given  without  disturbing  the  operator,  and 
the  calling  subscriber  knows  that  his  inability  to  get 
through  is  not  due  to  any  remissness  of  the  operator,  but 
to  inattention  at  the  called  subscriber's  end.  When  the 
conversation  is  finished,  both  subscribers  depress  their 
"ring  off"  buttons.  This  method  of  clearing  is  also 
criticized,  but  from  vears  of  experience  of  "  ring  through  ' 
exchanges,  the  author  can  say  that  while  one  subscriber 
may  forget  to  "  ring  off  '  it  very  rarely  indeed  happens 
that  both  forget,  and  the  pressing  of  either  button  operates 
the  clearing  signal. 

At  Colombo,  Ceylon,  a  magneto  lamp-signalling  multiple 
board  is  in  use,  equipped  for  1,400  subscribers  with  trunk 
and  calculagraph  sections.  The  magneto  is  used  for  both 
calling  and  ringing  off,  the  cord  circuit  having  an  impe- 
dance coil  across  it  operating  a  single  supervisory  lamp 
signal. 

At  Hong-Kong  and  Singapore,  the  local  systems  are 
owned  by  a  private  company.  At  both  places  magneto 
lamp-signalling  multiple  boards  with  automatic  supervisory 
lamp  signals  are  in  use.  The  ultimate  capacity  in  each 
case  is  5,000.  The  main  cables  from  the  exchange  are 
underground  with  overhead  drj'-core  cable  distribution  to 
open  wires.  The  hand  micro-telephone  is  exclusively 
used  on  subscribers'  sets. 

In  the  Federated  Malay  States,  magneto  lamp-signalling 
multiple  boards  with  double  automatic  supervisory  signals 
are  being  installed  at  Ipoh  and  Kuala  Lumpur,  while  at 
other  exchanges  in  the  country  magneto  boards  with  plug 
restoring  line  signals,  and  double-lamp  supervisory  signals 
have  been  introduced.  This  system  is  fully  described  in 
Mr.  Llewellyn  Preece's  paper  already  referred  to. 

British  East  Africa  and  Uganda  have  several  small 
exchanges  of  magneto  type  with  plug  Testoring  line 
signals,  and  galvanoscope  clearing-indicators  operated  by 
relays  in  bridge  across  the  cords. 

There  are  no  automatic  exchanges  in  any  of  the  Crown 
Colonies.  Xot  only  are  insulation  diiiiculties  felt  to  be 
a  bar  to  their  introduction  in  the  damp  climates  of  these 
countries,  but  the  need  for  the  employment  of  highly 
skilled  mechanicians  to  look  after  the  plant  is  regarded 
as  another  obstacle. 

The  distribution  at  the  larger  of  these  exchanges  is 
generally  by  means  of  cables  from  the  exchange  led  to 
pole  lines  through  distribution  and  protector  boxes  fixed 
to  the  poles.  The  subscriber  density  is  so  low  that  service 
by  direct  cable  can  be  given  but  rarely.     Business  premises 
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and  dwrllini;  houses  arc  not  so  cramped  as  in  European 
towns ;  they  are  more  open  and  scattered,  so  that  the 
di-  ■■  '  '"  service  or  the  block  and  alley  system  of 
d:  cannot  be  applied  to  any  extent,     lo  lb.  and 

JO   i!'.  '  '• 

Iron  :  ~  arc  provided  with  man- 

h.  \»  wlic'c  nccc-sary,  but  there 

ar,  l;  to  the  ground   Ixiinj;;  water- 

'"RRed,  or  ^  I  Cables  h.ivc  been  known 

lo  suffer  fr<i  ;     :ii   the  ground,  the  cables 

have  been  laid  in  glazed  earthenware  troughing  filled 
with  bitumen. 

Tlie  underground  cable  distribution  is  sometimes 
arr  ;■  '  'v  means  of  cast  iron  boxes  of  Post  Ofticc  types 
in  Ics,  but  the  method  most  generally  employed 

now  li  t!;at  of  lead  branching  joints.  These  joints  do  not 
afford  the  s;ime  means  of  re-arranging  the  redistribution 
as  do  the  l>oxcs,  but  where  the  development  c.in  be  fairlv 
accurately  estimated,  it  is  better  to  run  the  circuits  through 
in  a  permanent  manner  to  their  respective  terminations. 
Cable  boxes  arc  very  often  a  source  of  weakness  and 
trouble  owing  to  slack  work  on  the  part  of  the  maintenance 
staff  who  have  access  to  them. 

Where  the  distribution  is  by  means  of  armoured  cable 
tl;      "      ■    ■  -  .ire  usually  in   cast   iron  boxes  for 

p.-  crve  the  continuity  of  the  .irmouring. 

Wiitit  dt:iial  ItdJ-c.ivercd  dry-core  cible  is  used  it  is 
supported  in  the  usual  way  on  steel  suspender  wires. 
A  cable  suspender  best  suited  for  a  tropical  climate  is 
made  w^ith  a  loop  of  three-ply  tarred  marline,  which 
is  attached  to  the  suspender  wire  by  a  suitable  galvanized 
steel  hook.  Raw-hide  suspenders  quickly  deteriorate  in  a 
hot.  damp  climate,  and  zinc  suspenders  arc  too  rigid  for  the 
h  ■  '  ■■  'iR  of  thec;«blc.  They  are  apt  to  grip  the  cable 
ti  ind  set  up  crystallization  and  fracture  of  the 

lca«i.     A  iicc  means  of  suspension  is  essential. 

For  small  exchanges  the  author  prefers  the  underground 
armoured  cable.  It  can  be  used  with  complete  s;ifety.  The 
upkeep  is  practically  nil,  all  the  work  of  erecting  suspender 
wires  and  the  heavy  stresses  they  bring  upon  the  poles  arc 
obvi.itcd.  There  are  cases,  however,  where  the  great 
convenience  o(  the  ovcrhe.id  cable  outweighs  all  other 
C'  ns,   as   where   there   are   obstructions    to    an 

u  I    route,  or   where   a   pole   line    to   carry  the 

Ci  ivailable. 

'11  of  cables  in  a  building  usually  follows 
I'  practice,  the  caliles  being  connected  to  dis- 

tt  les  by  means  of  a  link  of  enamel  and  cotton- 

covered  Icad-sheathcd  cable  m.idc  airtight  with  bees-wax. 
ThU  cUm  of  cable  is  also  used  between  the  underground 
cables  and  the  main  frames  in  exchanges.  Simil.ir  cable, 
b   '  .1    of  single  or  multiple  pairs 

I-  •    111  cases  and    instruments. 

I  lul   111  any  p'tsilion  in  which  a  short 

I  '  !    .1^  in    running  wires  into  a  small 

'■'  ulalioii  can  l»e  relied  upon 

ail      ■  ^   :.,     .iry  with  dry-core  cable  is 

obviated. 

\r,,.{  ...ui.^r  cable  ha*  been  tried  in  some  of  the 
I'  but  It  i«  liable  to  break  down  owing  to 

I  •  ^,1, 

<;  arc  usually  of   cast 
iron.   Iiavini;  Iwg  w,iiii.aitiiicnl-,  one  at  the  back  for  the 


dry-core  cable  which  is  scaled  up  with  compound  when 
the  paper-covered  wires  have  been  soldered  on  to  their 
labs.  The  other  comp.artmcnt  is  fitted  with  ordinary 
carbon  dischargers  and  fuses.  The  dry-core  cable  is 
wijH-d  on  to  a  gland  at  the  bottom  end  of  the  box  which 
gives  access  to  the  back  compartment,  while  the  Icids  to 
the  open  wires  are  usually  taken  through  a  hole  in  the  top 
of  the  box  and  through  a  pipe  which  screws  into  it,  to  the 
top  of  the  pole.  Another  form  of  double-compartment 
box  fitted  with  vacuum  dischargers  and  fuses  and  a 
single-compartment  box  with  ordinary  carbons  and  fuses 
arc  also  used. 

The  leading-out  cables  from  the  pole  boxes  arc  single- 
pair  cn.amcl  and  cotton-covered  and  lead-sheathed.  At 
the  open  ends  they  are  taken  through  pot-he.ad  insulators 
of  the  Piirves  and  Sinnot  type. 

Where  underground  cables  are  connected  to  pole  lines 
it  is  usual  lo  take  out  not  more  than  25  pairs  at  any 
distribution  point.  This  permits  of  comparatively  light 
and  inexpensive  pole-line  construction. 

The  main  frames  at  the  larger  exchanges  are  fitted  with 
ordinary  carbon  dischargers,  fuses,  and  heat  coils.  Various 
types  of  prDtcctors  are  provided  at  subscribers'  stations, 
but  the  two  chiefly  used  arc  the  combined  carbon,  fuse, 
and  heat  coil,  and  the  vacuum  with  heat  coil. 

Special  measures  are  taken  in  the  manufacture  of  all 
apparatus  for  use  in  the  hot  humid  climate  of  the  tropical 
Colonies  to  keep  up  the  insul.ation  of  all  electrical  p.arts. 
Teak-wood  is  always  used,  and  screws  .are  of  non-cor- 
rodible  m.aterial.  Iron  or  steel  mounts  arc  zinc  plated, 
and  precautions  are  taken  as  far  as  possible  lo  prevent 
insects  getting  inside  instruments.  For  coil  windings  of 
large-gauge  plain  enamelled  wire  is  the  rule,  but  it  is 
sometimes  given  a  single  lapping  of  silk  which  is  impreg- 
nated Willi  bees-wax.  The  silk  in  this  case  is  certainly 
a  mechanical  protection  for  tlie  enamel  and  is  of  value  in 
this  respect.  Owing  to  the  difficulty  of  properly  enamel- 
ling wire  of  gauges  sm.aller  than  about  30  S.W.G.,  small- 
gauge  coil  windings  are  given  a  single  silk  covering  and 
the  coil  is  impregnated  with  a  high-quality  insulating 
varnish  in  a  vacuum  chamber.  This  impregn.ating  pro- 
cess makes  the  coil  quite  moisture-proof. 

All  switchboard  wiring  and  cabling  is  done  with  enamel 
and  silk  and  cotton-covered  wire. 

No.  2  Leclanche  cells  of  both  porous  pot  and  sack  types 
are  used  on  the  m.-igncto  instruments. 

Siuilli  AfrUa. — In  South  Africa  the  number  of  telephones 
per  100  of  the  population  not  including  natives  is  about 
three.  The  telephone  services  throughout  the  country 
arc  under  the  Ciovcrnment  with  the  exception  of  the 
Durban  exchange,  which  is  owned  and  worked  by  the 
municipality.  Kvery  town  and  vill.ige  of  any  intportancc 
has  its  exchange,  and  a  large  trunk  system  has  been 
developed.  At  present  the  longc-l  connections  in  regular 
use  are  alwut  500  miles  in  length.  A  speech  efficiency 
equal  lo  ^o  mile'  of  standard  cable  is  aimed  at,  and  inter- 
communication 1^  given  to  all  stations  that  come  within 
this  limit.  Loading  coils  have  not  yet  been  introduced, 
but  they  will  Im:  employed  when  the  time  arrives  to 
consider  the  longer  trunk  lines  iKtweeii  the  Cape  and 
Transv.aal  main  centres. 

The  Durban  exchange  has  a  central-battery  manual 
iKiard,  with   an   ultimate  capacity  of   7,200.      The  dislri- 
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bution  in  the  busy  area  is  by  dry-core  underground  cable 
taken  direct  into  buildings  where  possible,  and  otherwise 
to  distribution  boxes  of  Western  Electric  type  on  buildings 
in  alleys,  and  on  poles.  Outlying  sections  of  the  town 
and  the  suburbs  are  fed  by  main  cables  sub-divided 
through  lead  branching  joints  and  distributed  in  a  similar 
manner  or  by  open  wires  on  poles,  the  trolley  wire  poles 
of  the  tramway  system,  which  also  belongs  to  the  muni- 
cipality, being  used  for  the  purpose.  Independent  pole 
lines  are  also  erected  where  necessary.  Connection  is 
given  with  other  towns  in  Natal  and  in  the  adjacent 
Provinces  through  the  Government  trunk  sj'stem. 

At  the  principal  Government  exchanges  central-battery 
manual  boards  are  in  use,  the  largest  being  that  at 
Johannesburg,  with  an  ultimate  capacitv  of  g.ooo  lines. 
Separate  sections  for  incoming  junctions  and  trunks  are 
provided.  Similar  exchanges  of  rather  smaller  capacity 
have  been  installed  at  Cape  Town  and  Pretoria,  and  also 
at  about  half-a-dozen  other  towns  on  the  Witwaters- 
rand.  At  nearly  all  other  towns  magneto  boards  on  the 
"  ring  tlirough  "  system  are  employed.  In  some  cases  the 
boards  are  of  the  lamp-signalling  and  lamp-clearing  types; 
in  others  drop  shutters  are  used,  and  again  in  other  ex- 
changes indicator-jack  boards  are  in  use  with  mechanically 
restoring  clearing  drops. 

Magneto  boards  with  automatic  clearing  are  in  use  at 
certain  exchanges.  With  this  system  a  condenser  is 
placed  in  the  telephone  circuit  of  the  subscribers'  instru- 
ment. When  two  subscribers  are  through,  potential  is  on 
both  subscribers'  lines  through  the  supervisory  relays. 
When  the  telephones  are  hung  up  the  loops  are  closed, 
the  supervisory  relays  are  energized,  and  the  clearing 
signals  operated.  This  differs  from  the  automatic  clear- 
ing system  of  the  Federated  Malay  States  in  so  far  that  in 
this  case  the  short-circuiting  of  the  loop  from  any  cause 
gives  a  false  clear,  while  in  the  other  system  a  similar  fault 
would  prevent  the  clearing  signal  being  given  at  all.  In 
both  cases  it  would  be  unlikely  that  both  sides  of  the 
through  circuit  would  be  faulty  at  the  same  time,  and 
the  operation  of  one  relay  or  the  other  would  attract 
the  attention  of  the  operator.  The  hand  micro-telephone 
is  used  throughout  on  subscribers'  instruments. 

Telegraph  circuits  are  superimposed  on  telephone  wires 
where  it  is  advantageous  to  do  so,  and  phantom  telephone 
circuits  are  obtained  wherever  possible.  The  telephone 
is  much-  used  for  public  telegrams  between  outlying 
stations  and  central  transmitting  offices.  In  such  cases 
the  instrument  is  usually  in  the  charge  of  the  local  post- 
master, often  a  storekeeper.  Such  offices  are  also  used 
as  trunk-call  offices.  On  lines  of  this  character  it  is  not 
unusual  for  several  offices  to  be  in  bridge  on  the  same  pair 
of  wires,  the  calling  being  done  by  a  code  system  of 
ringing.  Magneto  telephones  are  used,  and  silence 
cabinets  of  standard  types  are  provided. 

The  installing  of  an  experimental  automatic  exchange 
was  decided  upon  some  time  ago,  but  the  war  has  inter- 
fered with  this  project,  as  it  has  done  with  the  telephone 
development  generally  in  the  country. 

Both  wet  and  dry  cells  are  used  on  magneto  telephones. 
The  author  always  used  wet  cells  in  Natal,  as  he  found 
them  more  reliable  and  economical  than  dry  cells.  A 
dry  cell  is  no  longer  efficient  when  it  becomes  really 
dry,  and  in  a  hot,  dry  climate  the  moisture  which  keeps 


the  cell  active  is  liable  to  evaporate  quickly  and  leave  the 
cell  useless  long  before  the  elements  are  used  up. 

The  underground  cables  and  distribution  methods  vary 
in  the  dift'erent  Provinces  in  accordance  with  the  practice 
in  vogue  prior  to  the  union,  but  the  work  of  co-ordinating 
the  methods  to  one  standard  has  now  made  great  headwaj-. 
In  present-day  practice  underground  cables  having  lo  lb. 
conductors  are  in  use.  Heavier  conductors  are  employed 
where  required,  also  composite  cables  having  large  con- 
ductors for  long-distance  circuits.  Cast  iron  and  earthen- 
ware conduits  are  employed  in  the  older  construction, 
while  in  the  later  work  American  fibre  ducts  have  been 
introduced.  Underground  armoured,  and  aerial  dry-core 
cables  are  also  much  used.  Lead  branching  joints  in 
manholes  are  in  general  use  on  underground  distribution. 
The  joints  are  made  solid  with  compound  which  is  forced 
in  under  pressure.  Recently  the  "  Matthews  "  pot  joint 
largely  used  in  the  United  States  has  been  brought  in  for 
trial  on  both  underground  and  aerial  cable  work. 

Distribution  is  carried  out  both  by  underground  direct 
cable,  and  on  the  block  system  from  high  poles  by  means 
of  both  dry-core  cable  and  open  wires.  In  both  cases  the 
internal  distribution  is  through  lead-covered  cables  to 
distribution  frames  or  cases,  and  thence  to  the  subscribers' 
sets.  Cables  are  also  led  to  open  wires  through  pole  dis- 
tribution and  protector  boxes.  Both  cast-iron  double- 
compartment  boxes  and  wood  boxes  are  used  fitted  with 
ordinarj'  carbon  dischargers  and  fuses.  With  the  former 
the  cable  is  wiped  on  to  the  union  sleeve  of  the  box  and 
the  wires  terminated  in  the  air-tight  side  of  the  box. 
Where  wood  boxes  are  used  the  drj'-core  cable  is  usually 
pot-headed,  with  rubber  wires  which  connect  with  the 
protector  box.  Open-wire  distribution  is  on  somewhat 
similar  lines  to  those  already  described  as  in  use  in  the 
Crown  Colonies,  but  the  American  method  of  leading  in  to 
a  subscriber's  station  by  means  of  rubber-covered  drop  or 
bridle  wires  secured  to  a  porcelain  knob  at  the  point 
where  the  wires  enter  the  building  is  being  introduced. 

The  main  frames  at  the  telephone  e.xchanges  are 
generally  fitted  with  ordinary  carbons,  fuses,  and  heat 
coils,  and  subscribers'  instruments  connected  with  open 
wires  are  similarly  protected. 

The  local  telephone  development  in  some  parts  of  South 
Africa  has  been  quite  phenomenal,  especially  in  the  mining 
districts  of  the  Rand.  In  older  and  more  settled  localities 
the  development  studies  are  based  on  a  15  years'  estimate 
for  ducts,  and  ultimate  capacities  of  switchboards,  and  a 
5  years'  estimate  for  underground  cables,  local  distribution 
and  exchange  equipment. 

The  practice  of  drying  out  paper  cables  by  means  of 
dry-air  pumps  fitted  with  desiccators  is  followed  in  some 
of  the  Crown  Colonies,  but  the  tendency  now  is  to  adopt 
the  method  of  jointing  described  later  under  Canadian 
practice.  In  South  Africa  portable  dry-air  pumps  are 
provided  for  use  only  when  a  definite  fault  appears. 

Canada. — The  Bell  Company  have  central-battery 
manual  systems  in  their  larger  exchanges,  and  in  exchanges 
below  500  or  600  lines  tliey  use  magneto  boards.  They 
have  no  automatic  exchanges. 

The  practice  of  the  Manitoba  Government  Department 
is  on  similar  lines.  Their  magneto  boards  are  fitted  with 
plug-restoring  line  signals  of  the  eyeball  type. 

In  Alberta  and  Saskatchewan  the  Government  exchanges 
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at  CiijTitT  Mcrficinc  Hat.  LcthbridRc,  Rcgina,  and  Saska- 
t<.  Strowgcr  automatic  system,  as 

is  .4  ,         V      'i.'Rc  al  Kdinoiiton.     This  latter 

exchange  was  started  m  1907  u-itli  a  5oo-linc  installation, 
bat  IS  DOW  for  lO.Soo  lines,  of  which  >).3oo  arc  connected. 
It  is  spread  over  four  exchanges  and  an  area  of  roaghly 
JO  square  miles.  All  other  exchanges  in  these  two 
pro\-inccs  arc  magneto  except  two  central-battery  manual 
ex  °  S.\skatchcwan. 

i  irt-  used  on   all   subscribers'  magneto  instru- 

nu  '.  Canad.i. 

i  ;   .lUcy  system  of  distribution   is  generally 

followed.  L'ndcrground  branch  cables  are  taken  into  the 
blocks  from  the  main  underground  cables  and  are  ter- 
minated through  rubber-covered  wire  pothcads  in  large 
wooden  weather-proof  terminal  boxes  titted  with  fuses. 
From  these  boxes  the  circuits  arc  distributed  through  the 
blocks  by  aerial  dn.'-core  cables  which  arc  terminated  in 
cantop  terminal  boxes,  whence  they  were  led  to  the  sub- 
scribers' premises.  The  company  arc  working  towards  an 
all-cable  distribution  in   their   excltange  areas.     X'itrified 


contact  with  lighting  or  power  wires.  To  come  under  this 
classification  they  must  therefore  be  exposed,  as  on  aerial 
lines,  for  a  distance  of  over  half-a-mile.  Carbon  discluirgers 
are  fitted  at  these  stations.  Kxposed  stations  cover  all 
others  whether  scrx-ed  wholly  or  in  part  by  aerial  cable, 
open  wires,  or  twisted-pair  insulated  conductors.  Carbon 
dischargers  and  fuses  are  fitted  at  these  stations.  In  all 
cases  the  protectors  arc  placed  in  as  accessible  a  place  as 
possible  inside  the  building  near  the  point  of  entrance  of 
the  wires. 

Lcading-in  is  generally  done  by  means  of  twisted-pair 
drop  wires  from  the  cable  terminal,  or  open  wires,  to  the 
point  of  entrance.  They  are  sometimes  taken  through 
bridle  rings  on  buildings  sp.accd  4  ft.  apart  on  horizontal 
runs,  and  8  ft.  apart  in  vertical  runs.  To  keep  the  wires 
taut  in  the  rings  they  arc  tied  with  short  pieces  of  discarded 
insulated  wire.  In  cases  where  fuses  are  provided,  the 
latest  practice  is  to  connect  them  outside  the  building  and 
without  any  mounting,  the  drop  wires  and  the  wires  lead- 
ing inside  being  tied  off  on  porcelain  knobs  and  the  fuses 
connected    between   the   open    ends   of   the    wires.     The 
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clay  ducts  of  2,  3,  4,  and  6-mulliplc  type,  with  manholes  of 
brick  or  concrete  suitably  placed,  are  used  on  their  main 
routes  with  single  duels  for  the  branches.  Other  adminis- 
tr.t  arc  on  similar  lines  and  in  some  cases 

fi''  iploycd..  Another  method  is  to  take  the 

a'  ily  from  the  underground  branch  cable 

an  it  in  a  distributing  box  fitted  with  fuses. 

In  another  case  the  aerial  cables  arc  taken  direct  from  the 
un'lr...r..„,w(  .  .Kic   and   distributed   without   fuses.     The 
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carbon  discharger  is  placed  just  inside  as  before.  The 
wires  arc  taken  inside  through  holes  drilled  in  the  walls, 
the  holes  being  fitted  with  tubes  of  ''  circular  loom"  or,  in 
some  instances,  porcelain.  The  "  circular  loom "  is  a 
rigid  tube  of  spiralled  paper  treated  with  rubber  compound 
lapped  with  india-rubber  prepared  tape  and  braided  with 
hemp  thoroughly  impregnated  with  a  compound  which  has 
powdered  mica  mixed  with  it.  It  is  made  in  difTercnl 
diameters  and  can  be  cut  into  lengths  as  required. 

The  drop  wires,  or  bridle  wires  as  they  arc  often  called, 
are  of  |K  S.W.tl.  copper  insulated  with  a  rubln-r  compound, 
cotton-braided,  and  impregnated  with  a  wealhcr-proof 
compound.  This  wire  i»  used  in  sin,t;le,  double,  and  triple 
form,  and  the  wires  when  twisted  togrllicr  are  divliiigul-hed 
by  raised  tracer  threads  in  the  braiding.  Where  two 
wires  are  twisted  together,  one  has  a  single  raised  thread, 
while  with  the  Iriple-slr.ind  one  h.is  one  raised  Ihnad, 
another  has  two  r.iised  threads,  and  the  third  is  plain. 
For  indoor  wiring  No.  19  or  ro  S.W.ti.  is  used  with  similar 
but  lighter  insulation  and  a  glared  braiding.  This  is  also 
used  in  single,  doiibl.',  and  triple  form,  the  diNlinguishing 
marks  l>cing  coloured  tracer  threads  in  the  braiding. 
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Superimposed  telegraph  circuits  which  are  usually  leased 
to  the  telegraph  companies  are  arranged  on  both  "  simplex  " 
and  "  composite  "  systems.  The  "  simplex  "  is  the  well- 
known  system  which  gives  one  Morse  circuit  superimposed 
on  one  telephone  pair  by  means  of  repeating  coils.  The 
"  composite  "  gives  two  Morse  earthed  circuits,  which  can 
be  worked  either  single  or  duplex,  and  one  metallic  tele- 
phone circuit  on  one  pair  of  wires.  The  theoretical 
connections  of  a  terminal  composite  set  are  given  in 
Fig.  9.  The  condensers  and  retardation  coils  on  the 
Morse  arms  prevent  the  telephone  currents  from  passing 
through  these  arms  and  they  also  so  flatten  the  telegraph 
currents  that  the  "  thump "  which  would  otherwise  be 
heard  in  the  telephone  is  reduced  to  a  minimum.  The 
condensers  and  retardation  coils  connected  in  shunt  with 
earth  off  the  telephone  circuit  have  the  effect  of  reducing 
the  momentary  telegraph  currents  that  pass  from  one 
Morse  circuit  to  the  other  through  the  telephone  circuit. 
These  earthed  branches  have  a  high  impedance  to  tele- 
phone currents  and  a  low  impedance  to  telegraph  currents, 
so  that  the  latter  are  largely  shunted  to  earth.  The  con- 
densers in  these  branches  prevent  the  earths  on  the  re- 
tardation coils  from  interfering  vt-ith  the  local  telephone 
calling-signals.  For  telephone  signalling  over  circuits 
fitted  with  "  composite "  apparatus  a  special  ringing  set 
is  provided.  The  same  ringing  set  is  sometimes  used  on 
the  "simplex"  system.  Both  systems  can  be  adapted  to 
the  working  of  intermediate  stations.  The  telephone 
transmission  loss  due  to  the  introduction  of  a  repeating 
coil  at  each  end  of  a  telephone  circuit  on  the  "simplex" 
system  is  equal  to  about  one  mile  of  standard  cable,  while 
the  loss  on  a  circuit  equipped  with  a  "  composite  "  set 
at  each  end  is  equal  to   about  J  mile  of  cable. 

The  minimum  speech  efficiency  on  the  long-distance 
circuits  varies  under  the  different  administrations,  but  it 
ranges  from  30  to  36  miles  of  standard  cable.  The  general 
dryness  of  the  climate  contributes  to  a  high  standard  being 
attained. 

Long-distance  lines  are  equipped  with  lightning  dis- 
charges on  the  poles  at  suitable  intervals,  and  where  these 
wires  are  taken  into  an  office  or  testing  station  it  is  a 
common  practice  to  place  the  dischargers  one  or  more 
poles  away  on  each  side  of  the  office.  The  "  Chapman  " 
discharger  shown  in  Fig.  10  is  a  type  much  used  for  this 
purpose. 

On  main  distribution  frames  carbon  dischargers  and 
heat  coils  are  used  by  the  Bell  Company,  but  carbons 
and  fuses  are  more  generally  provided  by  other  adminis- 
trations. 

Branching  joints  on  underground  cables  are  of  the 
lead  Y-type  and  all  joints  both  straight  and  branching 
are  treated  with  paraffin  wax.  In  making  a  straight  joint 
the  lead  sheath  is  removed  from  the  ends  of  the  cable  for 
a  distance  equal  to  the  length  of  the  lead  sleeve.  The  core 
is  bound  tightly  with  strips  of  muslin  at  the  end  of  each 
cable  sheath,  the  binding  being  packed  close  to  the  sheath 
so  as  to  prevent  the  wires  being  cut  by  the  edge  of  the 
sheath.  The  exposed  conductors  are  thoroughly  "  boiled 
out "  by  pouring  hot  paraffin  wax  over  them  with  a  ladle 
until  all  traces  of  moisture  are  removed  and  the  binding  is 
thoroughly  saturated  with  paraffin.  Enough  paraffin  enters 
the  sheath  to  form  a  seal  which  protects  the  cable  against 
moisture  while  the  joint  is  being  made.     The  temperature 


of  the  parafifin  is  above  that  of  boiling  water,  but  it  must 
not  be  high  enough  to  scorch  or  make  brittle  the  paper 
insulation.  In  "boiling  out"  the  cable  it  is  the  rule  to 
work  from  the  cable  sheath  towards  the  ends  of  the  con- 
ductors. The  jointing  of  the  wires  is  done  in  the  usual 
way,  the  joints  being  distributed  along  the  whole  length 
of  the  splice.  The  whole  of  the  jointed  wires  are  again 
"  boiled  out "  until  all  traces  of  moisture  have  been  re- 
moved. The  splice  is  then  wrapped  with  strips  of  muslin 
and  compressed  until  the  lead  sleeve  will  just  slip  over  the 
splice.  The  splice  is  again  "  boiled  out,"  and  this  opera- 
tion is  again  repeated  after  the  final  wrapping  is  completed, 
the  drying  out  being  continued  until  air  bubbles  cease  to 
appear  on  the  splice.  The  lead  sleeve  is  slipped  over 
before  the  splice  has  had  time  to  cool  and  wiped  on 
to  the  cable  sheath  at  each  end. 


Carbon 


Fig.  10. — Chapman  liglituing  arrester  (Canada). 

Tlie  splice  on  a  dry-core  cable  is  undoubtedly  its  wreakest 
point,  but  this  form  of  joint  when  carefully  made  is  so 
reliable  that  breakdowns  are  of  very  rare  occurrence.  It 
is  in  almost  general  use  in  the  United  States. 

There  is  no  through  communication  yet  between  the 
Eastern  and  Western  sliores  of  Canada.  There  is  a  break 
of  600  miles  between  Fort  William  and  Kenora  in  which 
there  is  no  telephone  line  at  all,  and  the  Rocky  Mountains 
form  another  break  between  Alberta  and  British  Columbia. 
The  longest  lines  regularly  in  use  in  Canadian  territory  are 
those  between  Montreal  and  Windsor,  and  Montreal  and 
North  Bay,  distances  of  about  600  miles.  Loading  coils 
are  in  use  on  both  open-wire  and  underground  sections 
of  the  long-distance  circuits.  Communication  is  given 
with  a  large  number  of  places  in  the  United  States  through 
the  trunk  lines  of  that  country,  the  longest  distances  being 
Montreal  to  San  Francisco,  3,800  miles,  and  Toronto  to 
San  Francisco,  3,200  miles.  (Communication  has  since 
been  arranged  between  Montreal  and  Vancouver,  via  the 
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i.cntal  line,  a  distance  of  about  4,000 


lopincnl  of  On.-id.i  is  higher  than 
r  l>oniinioiis  or  Colonics.  For  the 
tlic  average  number  of  ti-lcplioncs 
pti  .t>is6-5.     In  Hriti>h  Columbia  tlic 

average  is  as  ninh  as  1 1 ,  while  in  Manitoba  and  AllxTta  the 
hgurcs  are  10  and  8  rcspcclivdy. 

.4i«j/r<i/j.i.— I'robably  no  country  in  the  world  has 
taken  up  automatic  telephony  so  wholc-hcarltdly  as  the 
Commonwealth.  In  1912  the  Chief  Electrical  Knginccr 
pcisonally  inve>tigated  the  systems  then  in  use  in  America 
and  Kurope.  His  report,  dated  the  lolh  Octol>er,  191 2, ■' 
deals  in  a  very  thorough  manner  with  the  comparison 
which  may  be  made  between  manual  and  automatic 
systems.  In  his  review  of  the  question  of  the  suitability 
of  automatic  systems  for  the  conditions  existing  in 
Australia  he  attached  great  weight  to  tlic  difticulty  of 
obtaining  adequately-tr.ained  and  disciplined  operators  for 
manuallyopcrated  exchanges,  but  it  is  not  clear  to  what 
extent  this  diflftcully  influenced  the  decision  to  adopt 
automatics.  In  comparing  the  semi-automatic  with  the 
full-automatic  he  contended  th.-it  the  view  Ihat  it  is 
desirable  to  interpose  an  operator  to  control  the  series  of 
operations  that  have  to  be  m.ide,  and  to  check  and  correct 
failures  when  thee  occur,  is  wrong  and  he  declared 
himself  emphatically  in  favour  of  the  full-automatic  for 
Australia.  Since  then  important  headway  has  been  made, 
full-automatic  equipment  h.ts  been  installed  in  10  ex- 
changes, the  largest  of  which  is  Perth  with  over  3,000 
subscribers.  Six  other  exchanges  are  in  course  of  con- 
struction or  approved,  lenders  have  been  invited  for  a 
further  iK,  and  14  others  are  under  consider.-ilion.  The 
exchanges  so  far  opened  .are  all  equipped  willi  the 
Strowgcr  system,  but  both  the  Siemens  and  the  Western 
Electric  Company's  systems  are  to  be  tried. 

lioth  central-battery  and  magneto  exchanges  are  in  use. 
Distribution  from  all  the  larger  exchange^  is  effected  by 
means  of  underground  cables.  On  very  small  exchanges 
open-wire  distribution  is  adopted.  A  good  deal  of  aerial 
cable  of  both  the  dry-core  and  rubber  types  is  installed, 
but  its  use  is  rigidly  prescribed,  as  its  erection  is  not 
economical  in  the  Commonwealth  where  the  estimated  5 
years'  capacity  is  50  pairs  or  over.  Rubber-covered  paper- 
core  aerial  cable  has  been  used  in  certain  of  the  Slates,  but 
it  Ivas  not  proved  satisfactory.  On  exchange  distribution 
it  i»  the  practice  to  serve  subscribers'  premises  by  under- 
ground cable  wherever  this  is  warranted.  Where  the 
service  cible  contains  less  than  10  pairs  it  is  terminated  in 
*j"  :  will)  insulating  compound,  with  leads  on 

thi  ide    consisting   of   silk    and    cotton,   or 

en  1  cotton,   or    paper-core    lead-covered    cable. 

Wj  irc  more  than  10  p.airs  but  not  more  than  100 

Ihcy  aie  terminated  on  a  distribution  case.  Where  the 
number  i»  over  100  they  are  terminated  on  a  cross- 
connecting  frame.  Where  the  cables  arc  led  to  distribu- 
tion cakck  or  frame*  they  are  terminated  with  a  short 
length  of  lea<l-covered  »ilk  and  cotton-insulated  c;iblc 
which  I  ■  t  with  bees-wax.     Where  cables  are 

led  lo  disirilmlion    Ihcy   are    connected 

th'  I  vcral  types  of  winch  are 

■n  '-  Hied  and  which  pi  onuses 

•  l'«>Mmai4«r-Ci«iM.ral'ii  Annual  Mrpurl,  igii-ij. 


well  is  the  "Cook"  dome  type.  This  is  cylindrical  in 
shape  with  a  compartment  for  the  cable.  It  is  tilted  with 
carbon  .arresters  and  3-ampere  fuses.  Open  distribution 
wires  on  central-battery  networks  arc  terminated  on  Post 
Office  pattern  pot-head  insulators  and  arc  led  in  by  means 
of  le.ad-covered  enamel  and  cotton-insulated  twin  cable. 
In  magneto  cables  twistedpair  india-rubber-covered  wire 
is  much  used  for  leading  in  where  the  length  of  le.ad  is 
short.  Wlicre  the  distance  is  over  12  y.ards  the  method  of 
leading  in  in  central-b.attery  areas  may  be  adopted.  The 
substation  end  of  a  span  of  twisted-pair  wire  is  terminated 
on  a  button  insul.ator  secured  to  a  small  galvanized  steel 
bracket.  Where  the  ends  of  two  twisted  pairs  may  be 
terminated  at  one  point  the  bracket  may  be  equipped  with 
two  insulators.  Bridle  rings  .arc  used  for  carrying  twisted- 
pair distributing  wire  on  the  outer  walls  of  buildings. 
They  are  spaced  not  more  than  4  ft.  apart  on  horizontal 
runs  and  X  ft.  ap.art  on  vertical  runs.  The  protective 
apparatus,  where  such  is  littcd,  is  placed  in  as  accessible 
a  position  as  possible  and  as  close  to  the  Icading-in  point 
as  is  convenient.  For  protection  against  lightning,  strong 
currents,  and  sneak  currents  the  lines  are  divided  into  two 
classes,  i.e.  "exposed"  .and  "unexposed."  (ienerally 
speaking  the  former  includes  all  lines,  open  aivl  covered, 
which  may  come  into  contact  directly  or  indirectly  with 
heavy  current  wires,  while  the  "unexposed"  lines  are 
those  composed  exclusively  of  underground  or  submarine 
cable,  or  of  open  wire  or  aerial  cable  which  cannot 
possibly  get  into  cont.act  with  wires  carrying  heavy 
currents.  The  practice  laid  down  for  the  provision  of 
protective  app.aratus  is  well  thought  out.  At  junction 
points  between  exposed  and  unexposed  cables  and  wires, 
fuses  and  arresters  arc  generally  installed.  Outside  pro- 
tection against  lightning  is  not  usually  .adopted,  apart 
from  exchange  distribution  lines,  unless  in  the  opinion  of 
the  local  engineer  such  is  warranted. 

The  Post  Office  method  of  jointing  and  drying  out 
dry-core  cables  is  followed. 

On  subscribers"  instruments  on  both  ccntral-b.ittery  and 
m.agncto  exchanges  control  keys  of  a  Yale  pattern  arc 
supplied  for  a  small  fee  when  required. 

Selective  4-party  line  services  are  provided  on  the  central- 
battery  exchanges  and  code-ringing  party  lines  on  the 
others,  and  on  lines  in  country  districts. 

Hoth  wet  and  dry  cells  are  in  use  on  subscribers' 
instruments,  but  the  Post  Office  Leclanche  cell  with 
powdered  depolarizer  is  now  being  adopted. 

Development  studies  are  based  on  a  12  to  15  years' 
estimate  for  conduits,  and  a  5  years'  estimate  for  cables 
and  exchange  equipment. 

There  is  a  fairly  extensive  trunk  system  within  the 
individual  States,  but  the  only  capital  cities. is  yet  connected 
.are  Melbourne-Sydney  (5115  milesi  and  Melbourne-Adelaide 
(4>*y\  miles).  On  both  these  circuits  Morse  duplex  is 
superimposed  and  worked  regularly.  Proposals  have 
been  put  forward  for  a  Sydncy-Hiisbane  trunk  circuit. 
The  tiiink  wires  arc  carried  on  the  same  poles  as  the 
telegraph  lines.  On  certain  of  th?  main  lines  the  trunks 
arc  twisted,  but  on  other  main  lines  and  on  country  lines 
the  transposition  system  is  in  use,  and  this  svstcm  is  likely 
to  be  continiicil.  I,(»acling  coils  h.ivc  not  yet  been  intro- 
duce<l  into  the  Commonwealth.  The  peiceiit.igc  of  (cic- 
phone*  to  the  population  at  the  end  of  last  year  was  27JI. 
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Nov  ZeaJand. — New  Zealand  was  very  early  in  the  field 
in  establishinsi  telephone  exchanges  at  its  principal  centres, 
and  many  of  the  exchanges  installed  between  20  and  30 
years  ago  are  still  in  operation.  The  boards  are  mostly 
of  the  old  Western  Electric  magneto  type  with  branching 
multiple  and  with  drop-shutter  line  and  ring-off  indicators. 
There  are  also  other  makes  of  magneto  boards  in  use. 
Many  of  the  larger  exchanges  haye  become  quite  inade- 
quate for  present  requirements,  and  the  question  of  sub- 
stituting more  efficient  systems  has  been  before  the 
authorities  for  some  jears  past.  The  introduction  of 
the  central-battery  manual  system  was  contemplated,  and 
three  Western  Electric  central-battery  exchanges  were 
installed,  but  the  administration  hesitated  to  introduce  this 
system  generally  in  yiew  of  the  deyelopment  of  automatic 
systems.  In  191 1  the  Chief  Electrician  of  the  Department 
was  deputed  to  inquire  into  the  yarious  systems  in  use  in 
.\merica  and  Europe,  and  as  a  result  of  yery  e.xhaustiye 
inyestigations  he  recommended  t)ie  adoption  of  automatic 
exchanges  for  several  of  the  principal  towns.  Experi- 
ments were  carried  out  with  several  automatic  systems 
available  at  the  time,  and  the  Western  Electric  Company's 
full-automatic  system  was  decided  upon  as  being  the  best 
calcul.ated  to  meet  the  varied  services  of  the  Dominion. 
Contracts  were  entered  into  with  this  Company  for  ex- 
changes for  the  Wellington  and  Auckland  telephone  areas, 
and  for  separate  single  exchange  installations  for  Masterton, 
Hamilton,  Oamaru,  and  Blenheim.  Masterton  and  Hamil- 
ton are  being  equipped  for  800  lines,  and  Oamaru  and 
Blenheim  for  600  lines.  The  ultimate  capacity  of  each  of 
these  exchanges  is  the  same,  viz.  1,800  subscribers'  lines, 
and  200  junction  lines  for  special  services.  .\t  each 
exchange  a  separate  manual  toll  board  is  being  provided 
to  take  all  special  services  such  as  trunk  (toll)  lines  to 
distant  exchanges,  farmers'  lines,  which  are  magneto,  and 
some  of  which  are  earthed  lines,  pay  station  lines,  both 
magneto  and  central  battery,  etc.  The  cord  circuits  on 
the  toll  board  are  of  special  interest  inasmuch  as  they  give 
connection  between  all  the  different  kinds  of  line  circuits 
on  the  exchange  without  the  aid  of  auxiliary  switching 
keys,  and  each  cord  circuit  affords  complete  supervision 
on  all  connections  made. 

.A.t  Wellington  the  system  will  have  three  main  exchanges 
with  immediate  equipment  respectiveh'  for  4,000,  2,500, 
and  600  lines  (ultimate  capacities  8,000,  4,000,  and  2,000 
respectively).  In  addition  three  sub,  or  "satellite" 
exchanges  off  the  largest  main  exchange  with  capacities 
from  200  to  600  lines  are  contemplated,  the  ultimate 
capacity  of  the  whole  system  being  20,000  lines,  and 
accessory  junction  lines.  Two  of  the  main  exchanges  are 
now  being  installed,  and  but  for  dela3-s  caused  by  the  war 
these  would  have  been  in  operation  by  now.  Xi  .-Auckland 
the  arrangements  will  be  on  similar  lines  with  four  main 
exchanges,  and  two  "satellite  "  exchanges,  the  total 
ultimate  capacity  being  the  same  as  at  Wellington.  Each 
system  will  have  a  common  manual  toll  board  situated  at 
the  principal  exchange  in  each  case.  Subscribers'  meters 
are  not  being  installed  at  present,  but  provision  is  being 
made  so  that  they  can  be  put  in  either  in  part  or  whole  at 
any  time,  and  the  meters  when  installed  will  register 
effective  local  calls  only.  A  time  alarm-signal  is  provided 
to  indicate  an  earthed  line,  and  also  to  show  when  a 
subscriber's  line  is  being  wrongfully  held  up.    All  exchanges 


are  arranged  for  main  line  service,  private  branch  ex- 
change service,  and  for  party  line  service.  There  are  manv 
other  interesting  features  in  the  design  of  this  system,  but 
details  of  these  are  bcj'ond  the  scope  of  this  paper.  There 
is  every  conlidence  that  the  system  will  adequately  meet 
the  very  varied  telephonic  conditions  of  the  country,  and 
it  is  not  too  much  to  say  that  before  man)'  years  have 
passed  all  the  important  exchanges  throughout  the 
Dominion  will  be  "  automatic."  Herein  lies  an  object 
lesson  to  countries  similarly  situated  as  to  climatic  and 
economic  conditions. 

The  cables  are  laid  in  iron  pipes  or  fibre  conduits  for 
distribution  from  the  exchanges.  They  are  led  directly 
underground  into  buildings  where  this  is  warranted,  but  in 
a  more  general  way  are  pot-headed  and  taken  through 
pole  distribution-boxes  to  open  wires  on  poles.  The  pole 
boxes  are  of  American  tvpe,  and  are  fitted  with  carbon 
dischargers  and  fuses.  Armoured  cable  is  also  used  a 
good  deal.  Drj^-corc  lead-sheathed  aerial  cable  is  also 
largely  employed,  but  owing  to  high  winds  many  faults 
occur  in  this  due  to  crystallization  of  the  lead,  and  frac- 
tures at  forked  joints.  The  tendency,  therefore,  is  not  to 
use  this  class  of  cable  so  much  as  formerly.  These  cables 
are  suspended  b\'  means  of  tarred  marline  hangers  on  steel 
suspender  wires.  Dry-air  plant  is  provided  at  the  principal 
exchanges,  but  portable  machines  of  British  Post  Office 
tv'pes  are  mosth-  used.  Leading-in  to  subscribers'  instru- 
ments is  b)'  means  of  high-grade  twin  twisted  rubber- 
covered  wire,  braided  and  compounded.  Carbon  lightning 
dischargers  are  provided  at  the  subscribers'  instruments. 
These  are  fitted  either  outside  or  just  inside  the  building 
at  the  point  of  entrance  of  the  wires.  Fuses  are  also  fitted 
where  there  is  a  possibility  of  contact  with  lighting  or 
power  wires.  Dr^-  cells  are  used  to  some  extent  on 
subscribers'  magneto  instruments,  but  Leclanche  No.  2 
porous-pot  cells  are  in  almost  general  use.  There  is  a 
considerable  network  of  trunk  telephone  circuits.  Nearly 
all  outlying  exchanges  are  connected  with  their  larger 
centres,  and  some  of  the  latter  are  interconnected.  The 
longest  speaking  circuit  is  that  between  Wellington  and 
.■Auckland,  a  distance  of  about  420  miles.  This  is  obtained 
from  two  400  lb.  copper  wires  which  are  used  for  quad- 
ruplex  telegraph  purposes  during  the  daytime.  At  night-time 
— after  6  p.m. — they  are  used  as  a  telephone  trunk  circuit. 
The  trunk  wires  are  erected  on  the  twist  principle,  and 
the}'  are  generally  carried  on  the  same  poles  as  the  tele- 
graph wires.  In  many  cases  telegraph  circuits  are 
superimposed  on  the  telephone  wires,  and  phantom 
telephone  circuits  are  also  obtained.  Loading  coils  have 
not  so  far  been  installed,  but  their  introduction  is  under 
consideration.  The  standard  of  speech  on  trunk  lines 
is  the  equivalent  of  30  miles  of  standard  cable.  The 
number  of  telephones  per  100  inhabitants  is  4"6. 

Lightning  Dischargers  and  Protectors. 

The  methods  of  protecting  lines  and  apparatus  from 
lightning  and  power  currents  as  described  in  the  preceding 
section  are  so  varied  that  the  author  thinks  the  subject, 
which  is  a  very  important  one,  is  worthy  of  special  con- 
sideration. In  many  cases  the  old  telegraph  practice  of 
placing  the  main  dischargers  inside  the  building  and  either 
in  or  near  the  test  boxes,  in  the  case  of  telegraph  wires,  or 
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aHii'-'-'<t  in  the  switchboards  in  the  case  of  small  telephone 
r\  IS  still  followed.     This,  ho«-cver,  is  hardly  to  be 

\v  it  yecing  that  so  many  of  the  cvlicr  types  of 

<i  used  in  telegraph  practice,  and  many  of  these 

.1  : 1- of  such  construction  that  they  could 

I  while  in  other  cases,  like  that  of  the 

V  ;  piolcctor,  they  are  .ictually  placed  inside 
ll.  I'Ong  insulaled-wirc  lcad>  through  the 
huiidini;  uould  often  intervene  between  the  open  wires 
and  the  dischargers.  The  old  practice  has  given  way  to  a 
great  extent  with  the  development  of  the  telephone,  and 
to-day  it  is  generally,  although  by  no  means  everywhere, 
recognircd  that  the  proper  place  for  the  lightning  dis- 
charger is  outside  the  building,  or  if  inside  it  should  be 
placed  as  nc.^r  the  point  uf  entrance  of  the  wires  as 
f»os>iblc. 

In  (he  author's  experience  in  Natal  where  most  violent 
1:.  ''>ccur  almost  daily  in  the  summer  months 

II  ,  :.cc  m  the  earlier  days  to  use  metal-plate 
and  carlx>n-disc  dischargers,  with  silk-covered  wire  on 
earthed  metal  spindles,  and  reels  between  the  dischargers 
and  the  instruments,  and  in  all  cases  the  protectors  were 
in>i<le  the  offices  and  usually  alongside  the  instruments. 
The  instrument  coils  were  usually  saved,  but  often  at  the 
cxptensc  oi  '  '  wire  casing  and  fittings  caused  by 
the  liijhtni;  .;  the  rubber  insulation  and  Mimetimcs 
i.C                   coveiiiig.     Buildings  were  on  several  occasions 

V  .  ul  in  more  than  one  case  practically  burnt  out 
by  lightning  l>cing  conducted  into  the  building  through 
wires  that  were  fitted  with  dischargers  which  would  have 
given  efficient  protection  if  they  h;id  been  placed  outside 
instc.id  of  some  distance  inside  the  building. 

In  larce  towns  the  lightning  conductors  on  high  build- 
ings .1-  I  ys  pl.iy  an  important  part  in  taking  oflf 
static  ind  in  doing  >o  they  automatically  relieve 
the  at;  ure,  and  so  help  to  prevent 
the  oc  ;iarges,  but  they  do  not  by 
any  means  prevent  them  altogether.  On  the  contrarj-  it 
may  he  said  in  many  instances  they  actually  contribute 
towards  them,  especially  in  the  case  of  highly  charged 
clouds  moving  rapidly  during  a  general  atmospheric  dis- 
turbance and  suddenly  coming  within  discharge  range  of 
til  I  tors  of  a  town.  Xo  form  of  lightning 
d.  n  •"  the  .iiithor  will  save  wires  if  they  are 
a.  lay  be  merely  severed 
b>  .,  ~  of  wire  may  actually 
disappear,  dcllagrated  by  the  current,  and  such  cases  are 
not  of  rare  occurrence  on  open  country  lines.  The  dis- 
charges the  engineer  has  to  protect  himself  against  arc 
I)'  •  ■  '  "  11.  The  ncirer  the  lightning  storm  is 
I  rcr  arc  the  inductive  effects,  and  the 
n  Lilt  very 

iiges  at 
r  irom   the  wires.      In 

a  iL'.  -.if(  L'uards  against 

b  •   current'  iry  in  locali- 

ti  I  power  s,  -., ,,,,  .,,^  i>cration,  and 

'  '  fu^cs  and  heat  coita  arc  neccsMry, 

It  ■•         •  '       ,     ■  '  •  ,.il. 

"  ver 

'  1  iiijury 

''  I  he  line 

f  UkCk      1  he  C.4ii,Mii,ti)  p'acliLc  at  piiividing  protection  from 


lightning  where  the  open  wires  are  over  half-a-milc  in 
length,  while  no  doubt  adequate  in  Canada,  would  not  be 
sullicient  in  a  country  where  lightning  is  really  bad. 

In  Natal  the  author  carried  out  a  long  scries  of  experi- 
ments with  the  object  of  proving  what  types  of  protectors 
were  best  suited  to  the  ditterent  working  conditions  there, 
and  the  following  is  the  practice  which  he  considers  to  be 
the  Ixrst. 

In  telephonc-excli.ingc  practice  on  a  large  scale, and  even 
where  the  distribution  is  largely  by  means  of  underground 
cable,  it  is  advisable  to  provide  carbon  dischargers,  fuses, 
and  heat  coils  on  the  main  distribution  frame  which  should 
if  possible  be  placed  in  a  fireproof  room.  With  all  the 
precautions  that  may  be  taken  at  the  outside  terminations 
of  cables  there  is  aK\-ays  a  chance  that  through  slack  work 
or  otlier  causes  the  cables  may  be  so  affected  by  lightning 
discharges  and  (x>wcr  currents  as  to  cause  danuige  at  the 
exchange,  and  the  importance  and  value  of  the  cxcliange 
plant  ;irc  such  that  no  risks  of  this  nature  should  be  takeiu 

Where  aerial  cable  connects  with  underground  cable 
carbons  and  fuses  should  be  used  at  the  point  of  junction. 
The  heat  coils  at  the  exchange  will  take  care  of  any  strav 
currents  of  low  value.  The  lead  sheathings  of  under- 
ground cables  should  be  efficiently  earthed,  and  where 
such  cables  arc  in  iron  pipes  they  should  also  be  bonded 
to  the  pipes  as  a  protection  against  electrolytic  effects 
from  stray  underground  piuwer  currents.  Lead  sheathings 
of  aerial  cables  should  be  ctrthed  for  the  same  rcison  and 
also  to  protect  them  from  lightning. 

Where  cables  connect  with  open  wires  a  carbon  dis- 
ctiarger  and  fuse  should  be  fitted  in  the  distribution  box. 
The  protection  from  light  stray  currents  will  ag.-un  be  got 
in  the  heat  coil  at  the  exchange. 

At  subscribers'  stations  connected  by  underground  cable 
throughout,  no  protectors  are  requiied,  but  in  all  other 
cases,  i.e.  whether  connected  by  aerial  cable  or  open  wires 
and  where  protection  .igainst  power  circuits  is  necessary, 
carlx>n  dischargers  with  fuses  and  heat  coils  should  be 
provided  and  they  should  be  pLiced  as  close  as  possible 
to  the  point  of  entrance  of  the  Icading.in  wires. 

In  the  CISC  of  a  small  telephone  exchange  where  the 
distribution  is  by  aerial  cable  the  siime  principle  applies. 
Where  all  the  distribution  is  by  means  of  open  wires 
terminated  on  a  leading-in  pole,  whence  they  are  taken 
into  the  exchange  bv  cither  aeri.il  or  underground  cable, 
.ill  wires  should  be  protected  from  lightning  on  the 
Icadlng-in  pole.  If  fuses  and  heat  coils  arc  required,  as 
in  the  neighlroufhood  of  power  circuits,  they  can  either 
be  placed  in  the  pole  box  with  the  lightning  dischargers 
or  go  on  the  cross-connecting  frame  just  inside  the 
building.  If  a  standard  (rainc  lilted  with  carlniiis,  fuses, 
and  heat  coils  is  employed  the  eaibons  should  remain  in 
use  as  thev  form  an  extra  safcg«.wd. 

At   a  l.irgc  telcgi.iph  oflficc  the  wi:  I 

in  bv  cable  and  tlicy  should  be  prolei  ,     \   ■     ;i    e- 

phone  circuits  at  the  i^oint  of  junction  with  the  open  wires. 
Where  the  cable  enters  the  building  <>'■■  "i>'s  should  be 
(crniinated  on  a  rack  or   frame  con  with  the 

cro'  ting  frame  of  a  "  '   '    i'imk-  .  veh.mge  .md 

filti  \  with  c.ir boil  s  and,  if  necessary, 

fuses  aiul  hi.it  coils.  No  piuttLliuii  is  net  essary  in  the 
instrument-KMiiii  in  this  cisc.  At  a  small  ollitc  or  testing 
ktation  where  the  wire*  are  open  right  up  to  the  office 
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they  should  be  protected  outside  with  either  vacuum  dis- 
chargers in  waterproof  cases  or  witli  Wurts  dischargers 
(described  in  the  next  paragraph).  If  power  circuits  have 
to  be  provided  for,  fuses  and  heat  coils  which  should  be 
placed  just  inside  the  building  where  the  wires  enter 
should  be  used  in  addition,  and  the  wires  carried  from 
these  to  the  test  box. 

For  protection  at  out-of-the-way  offices  where  unreliable 
attendants  are  in  charge,  the  carbon  discharger  is  not 
always  suitable.  It  has  the  drawback  that  with  heavy 
discharges  carbon  dust  is  liable  to  be  generated  and 
deposited  between  the  two  plates  of  the  discharger,  con- 
necting them  together  and  so  earthing  the  line.  Such  an 
office  may  be  many  miles  away  from  the  headquarters 
of  the  nearest  lineman,  and  the  person  in  charge  may  not 
have  the  slightest  idea  how  to  set  about  removing  a  fault 
if  one  occurs.  The  author  has  known  a  skilled  lineman 
spend  several  days  in  travelling  to  a  distant  office  which 
was  cut  off,  only  to  find  that  lightning  had  earthed  the 
line  wire  in  the  carbon  discharger.  At  a  station  of  this 
class  a  discharger  is  wanted  which  will  give  protection 
without  earthing  the  line.  For  this  purpose  the  Wurts 
discharger  was  found  to  be  most  reliable.  The  type  used 
has  three  cylindrical  pillars  of  non-arcing  metal  with 
serrated  surfaces,  set  in  a  porcelain  base  mounted  on  an 
iron  bracket.  The  cover  is  of  zinc.  It  will  take  one  line 
wire  on  each  outside  pillar,  the  middle  pillar  being  con- 
nected to  earth.  Where  one  or  two  were  required  at  an 
office  they  were  fixed  on  a  wooden  pole  arm,  but  where  a 
number  of  wires  had  to  be  protected  the  dischargers  were 
fitted  in  a  strong  weatherproof  box  and  clamped  to  the  pole 
at  a  suitable  distance  from  the  ground.  The  connecting 
wires  from  the  line  wires  were  led  as  straight  as  possible, 
without  spirals,  twists,  or  sharp  bends,  and  the  earth 
was  made  as  short  and  direct  and  as  good  as  possible. 
With  all  types  of  dischargers  it  is  essential  that  the 
greatest  care  be  given  to  these  points.  The  insulated 
wires  running  into  the  office  were  spiralled  a  few  turns 
where  they  left  the  line  wires  and  the  slight  impedance 
thus  introduced  formed  an  effective  choke  to  the  dis- 
charge. Where  dischargers  of  this  type  were  employed 
and  properly  installed  all  other  protective  devices,  such  as 
fuses,  spindles,  and  reels  with  fusible  wires  on  them,  were 
dispensed  with. 

This  discharger  is  equally  satisfactory  on  sections  of  line 
where  lightning  is  specially  troublesome,  as  on  high, 
exposed  tracts  of  countr)'.  Connected  to  the  wires  at 
suitable  intervals  they  save  them  from  damage  due  to 
heavy  lightning  charges  flashing  from  the  wires  to  the 
arms  and  poles,  and  they  relieve  the  discharges  at  the 
terminal  stations. 

On  railway  signalling  lines  on  which  metallic  circuits 


were  used  to  minimize  the  effects  of  lightning  the  dis- 
charger shown  in  Fig.  n  was  used.  On  these  circuits 
working  had  to  be  carried  on  at  all  times,  as  any  inter- 
ruption resulted  in  the  disorganization  of  railway  traffic. 
This  discharger  is  on  the  Lodge  principle  and  is  the  most 
effective  discharger  known  to  the  author.  It  is,  however, 
very  expensive,  and  prohibitively  so  for  a  number  of  wires. 
The  Wurts  discharger  might  have  been  quite  adequate 
but  it  was  introduced  on  other  lines  subsequently  to  the 
adoption  of  the  Lodge  discharger  on  these  railway  circuits, 
and  the  latter  served  the  purpose  so  well  that  any  risk 
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Fig.  II. — Lodge  discharger,  Xatal  pattern. 

there  might  have  been  in  trying  the  other  was  never 
undertaken.  This  type  of  Lodge  discharger  is  constructed 
with  two  separate  series  of  three  discharge  discs  and 
choke  coils  for  the  line  wires.  The  central  disc  is  earthed. 
The  two  line  wires  are  connected  to  the  two  top  discs  and 
below  each  disc  there  is  a  choke  coil  containing  a  number 
of  turns  of  fairly  heavy  wire.  The  main  discharges  take 
place  at  these  discs.  The  two  succeeding  discs  on  each 
side  are  similarly  arranged  with  choke  coils.  With  these 
dischargers  in  use  the  signalling  instruments  were  operated 
in  the  heaviest  lightning  storms  and  not  in  a  single  instance 
during  several  years  of  operation  did  a  discharger  fail  in 
its  dutv.  As  the  edges  of  the  line  discs  were  burnt  away 
by  the  discharges,  they  were  turned  slightly  round  to 
give  fresh  points  for  discharge  and  it  only  rarely  hap- 
pened that  a  disc  became  so  burnt  as  to  require 
replacement. 
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\    M.  ].  Ooii.viF.  :  This  paper  is  a  most  useful 
a:  ^it  supplement  to  the  paper  which  Mr.  Prcecc 

read  a  year  or  two  ago  describing  the  special  points  of 
difiiculty  in  the  colonial  services,  inasmuch  as  it  gives  us 
the  standard  practice  of  a  large  number  of  colonies.  It 
especially  illustrates  the  difiicully  of  telegraph  and  tele- 
phone engineers  in  the  colonies,  both  in  keeping  thcni- 
m'  i^t  of  modern  developments  in  telegraphy  and 

ti  .:id  also  in  obtaining  supplies  of  new  apparatus 

and  cijuipiuent.  After  the  War  we  shall  have  to  organize 
our  national  services  throughout  the  Kmpire  so  that  they 
may  be  conducted  with  considerably  more  unity  than 
hitherto.  It  is  ver\'  pleasing  to  nie  to  hear  that  what 
assistance  has  been  given  in  this  way  has  chiefly  been 
supplied  by  the  engineers  and  by  the  pmclice  of  the  Post 
Office.  This  has  been  cncour.iged  by  Post  Otiice  policj*, 
but  It  has  also  l.vgely  been  the  result  of  the  per- 
sonal and  individual  interest  of  the  officers  of  the 
I'  Before  the  War  we  were  entering  on  large 

Si  I    extending  the  research  branch  of   the    Post 

Oltice  and  the  standardization  of  all  equipment,  and 
this  paper  shows  that  when  we  again  take  up  those  de- 
velopments after  the  War  it  will  be  of  great  importance 
to  include  work  for  the  bcnetit  and  assistance  of  our 
colonial  services. 
Mr fraccT.  Mr.  Li.KWF-l  l.VN  Phke^k:  Colonial  engineers  who  arc 
mile  awav  from  this  country  and  who  have  very  few 
o;  g  home  will  be  glad  to  read  a  paper 

hi.  .m  exactly  what  their  colleagues  in 

other  parts  of  the  world  are  doing  and  how  they  arc  deal- 
ing with  their  troubles.  I  think  one  of  the  most  interesting 
and  most  important  sections  of  the  paper  is  that  dealing 
with  administration.  In  most  parts  of  the  world  the  tele- 
graphs are  run  bv  the  Post  Oflice.  The  chief  administrator 
tl  >  ig  of  telegraph  engineering, 

a:  iiccr   is   equally  Ignorant  of 

a'  11  ilieic  IS  ceit.1111  to   be   chaos.     It  is   most 

in.;  if.it  all  engineers  should  study  administration  as 

far  as  they  can.     It  stands  to  reason  that  as  an  engineer  gets 
higher  up  in  his  profession  he  becomes  more  and  more  a 
manager  rather  than  an  engineer,  and  a  man  who  is  purely   ' 
ar        ■        '  and  nothing  more  is  of  very  litlle  use  in  the 
hi  .ons.     I  wisii  to  call  attention  to  a  paper  read 

!•  I    Chief  Kngincer  of  Telegraphs  in  New 

/■  Ihe    Institute    of     Post    and    Telegraph 

I-  .ton  on  the  ^olh  July,  H)H.     In  that 

p^;  vcrv  interesting  information  alx)ut 

poles.     In  I  ivs  in  New /Zealand  the  butts  of  all 

thf-  '    ''     w  .i.^il  bcfcirc  being  placed  111  the  ground  ;    1 

I'  :  one  line  the  contractor  omitted  to  char    I 

II  ''':'■.     Ten  years  afterwards  it    ! 

u  '  Ics  were  falling  down  and 

tlut    t  ..n 

WCfr  '                                                                                                                    .  (I. 

}■■  1    poles   of   local 

•  1  Me  says  in  the 

p-<.  :  "In  18703  %upply  of  lotara   poles  was 

''  .1.^1    (...    11, ..    \  ,.,.1,1  line,     ii   |,;n  l^cn 


said  th.at  when  the  schooner  arrived  at  Havelock  some  of  Mr.  V 
the  poles  were  still  growing.  Immediately  liie  schooner 
reached  Waikou.aiti  the  wagons  commenced  loading  up, 
and  within  a  few  weeks  from  the  time  the  poles  were 
growing  trees,  they  were  carrj-ing  the  telegraph  wire. 
Owing  to  portions  of  the  old  road  being  abandoned  and 
the  inaccessibility  of  the  line,  it  was  decided  five  years  ago 
to  move  some  55  miles  of  line  passing  through  Xasebv  to 
Wedderburn.  When  dismantling  this  line  it  w.as  found 
that  the  bulk  of  the  poles  which  h.ad  been  erected  38  vcars 
were  still  in  hrst-cl.iss  condition,  and  some  85  per  cent  of 
them  were  re-crccted."  I  do  not  think  that  in  this  country, 
even  with  our  best  crcosotcd  poles,  we  can  say  that  many 
of  them  have  been  standing  for  •^S  years. 

Mr.  F.  R.  McBt:RTV  :  The  author  has  referred  to  the  Mr 
extensive  and  rapid  conversion  of  the  telephone  systems  "■ 
in  Canada,  Australia,  and  New  Zealand  to  automatic 
machine  switching.  In  New  Zealand  in  the  decade  fol- 
lowing 1884  the  number  ol  teleplioncs  increased  sixfold, 
in  each  of  the  next  two  decades  threefold  ;  for  the  six 
years  preceding  1914  the  average  rate  of  increase  was 
12  per  cent,  for  11)14  i5'3  per  cent,  and  for  1915  87  per 
cent,  bringing  the  telephonic  saturation  to  an  average  of 
5  per  cent,  and  in  the  large  cities  as  high  as  9-5  per 
cent.  The  rapid  displacement  ol  apparatus  has  facili- 
tated conversion  to  the  modern  switching  methods. 
Within  a  short  period  contracts  have  been  made  for 
30,000  lines  in  automatic  telephone  exchanges,  amount- 
ing to  about  55  per  cent  of  all  linos  now  connected,  and 
covering  all  but  three  of  the  cities  having  more  than  1,000 
lines.  The  interest  of  the  matter  is  that  if  the  planned 
programme  is  carried  out  and  the  growth  continues,  the 
New  /c^iland  telephonic  area  will  be  the  largest  in  the 
world  converted  to  automatic  switching,  and  m.iy  keep  its 
place  for  some  years.  Although  the  possibilities  of  im- 
proving service  have  appeared  to  be  the  main  influences 
ill  bringing  about  the  atloption  of  automatic  switching  in 
the  dominion  and  in  the  Commonwealth,  the  high  and 
increasing  wages  paid  to  operators  h.is  been  an  important 
factor.  This  factor  is  dealt  with  by  Mr.  liesketh  in  an 
interesting  article  published  in  June  l()i6  in  the  Annalcs 
lies  I'oslis,  Tilegiiiphci  et  Ttliflioius  of  the  French  Admin- 
istration, in  which  is  given  the  first  accurate  published 
information  as  to  the  cost  of  operating  such  systems ;  show- 
ing for  a  5,000  line  exchange  (on  the  Sirowgci  Syslcml  a 
s;»ving  of  335  francs  per  line  per  year,  and  suggesting 
that  even  larger  s-ivings  may  be  expected. 

Sir  Wii.i.i.\M  Slixuu  :  I  am  sure  every  meml>er  of  the  ^ 
Post   Office  service  must  l>c  very  gratilicd   to   find   that  ^     "^ 
colonial  engineers  feel  satisfied  that  the  British  Post  Office 
practice  is  a  verv  good  standard  to  follow.     There  are  a 
few  points  in  the  paper   upon  which  further   information 
might   l>e  desirable.     Two  "  '  to  me   by  the 

lanlcrn  slides.     The  author  s  "t;  one  of  the 

photographs,  that  the  wins  hatl  a  4  in  the  arms. 

I  should  like  to  ask   him    whether  in  t  .iilies  thev 

ever  have  winds,  or  snow,  or  falling  leaves,  and  whether 
there  were  anv  joints  in  the  wire  between  the  poles: 
because  if  any  of  tho^e  things  were  to  happen  on  such  a 
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iiii.im  line  in  this  country  we  should  certainly  get  frequent  inter- 
*■  ruptions.  I  also  noticed  in  another  photograph  that  where 
the  line  passed  along  the  side  of  a  railway  the  stay  wires 
were  apparently  stretched  right  across  from  one  side  of 
the  rails  to  the  other.  Do  the  railway  authorities  approve 
of  such  a  construction  ?  Mr.  Preece  referred  to  some  poles 
that  had  been  in  use  for  38  years,  and  asked  whether  we 
had  any  poles  in  this  country  of  such  antiquity.  I  can 
point  to  some  that  are  40  j-ears  old,  but  the  average  age 
is  certainly  considerably  less.  The  life  of  a  pole  in  this 
country  is  not,  however,  as  a  rule  determined  by  its  death  ; 
most  poies  are  removed  after  their  utility  h.as  ceased, 
because  they  have  to  give  place  to  larger  poles  or  are  dis- 
turbed owing  to  compulsory  alterations,  removals,  and  so 
forth.  The  question  raised  by  tlie  author  as  to  administra- 
tion, or  rather  what  he  calls  the  geographical  versus  the 
functional  organization,  is  one  that  will  come  up  in  every 
administration  which  covers  a  large  area,  a  large  number 
of  systems,  and  a  big  staff.  It  is  really  another  way  of 
saying  specialization  versus  generalization.  Obviously 
when  the  industry  becomes  big  and  involves  many  interests, 
it  is  necessarj'  to  specialize.  The  question  of  having  to 
wait  so  long  for  stores  from  England  would  perhaps  be 
overcome  if  the  system  of  having  a  reserve  stock  were 
more  e.xtensively  adopted.  In  England  I  keep  X2,ooo,ooo 
worth  of  stores  always  available,  and  upon  that  stock  we 
draw  for  anv  works  that  we  have  in  hand.  It  seems  to  me 
that  an  administration  of  even  moderate  size  must  have  a 
stock  of  some  kind.  Our  practice  is  to  base  it  on  one 
year's  consumption.  Reference  is  made  in  the  paper  to 
poles  in  Australia  which  are  provided  at  joint  cost  b)'  the 
railway  and  the  telegraph  administration.  I  can  under- 
stand the  equity  of  that  arrangement,  but  how  is  equity 
provided  for  when  subsequent  wires  are  fitted  by  either 
party  on  to  the  same  poles  ?  We  have  not  many  iron  poles 
in  this  countrv,  as  we  have  no  white  ants  or  bush  fires  or 
roaming  elephants  to  provide  against.  That  is  to  say,  we 
take  full  advantage  of  the  greater  economy  and  better 
service  obtained  from  wooden  poles  as  compared  with 
iron.  The  factor  of  safety  of  4,  quoted  by  the  author,  is 
no  doubt  quite  good  where  the  atmospheric  conditions 
permit,  but  I  would  point  out  that  with  an  8  lb.  pressure 
and  an  ice  rope  of  i  in.  radius  we  have  five  times  tlie  load 
to  be  borne  as  compared  with  merely  a  17  lb.  wind  pressure. 
In  connection  with  reinforced  concrete  poles,  I  should 
like  to  know  why  the  experiment  was  made  with  solid 
as  against  tubular  poles.  Tubular  poles  must  be  much 
lighter,  and  I  am  of  the  opinion  that  a  rectangular  solid 
pole  with  the  same  cross-section  as  a  tubular  hollow  pole 
would  not  have  any  additional  strength,  certainly  not 
commensurate  with  the  additional  weight. 

(Commiinicaled)  :  Felt  washers,  after  several  years'  ex- 
perience, have  been  ab.indoned,  and  the  use  of  rubber 
washers  has  been  reverted  to,  as  the  latter  are  more  satis- 
factory in  preventing  insulators  from  unscrewing.  Recent 
tests  of  Karri  wood  arms  after  15  years'  use  show  that  they 
retain  a  very  liigh  proportion  of  their  original  strength 
and  are  still  equal  to  our  stand.ard  for  British  oak.  The 
running  of  trunk  telephone  wires  on  the  "cut  and  cross- 
over" principle  has  been  adopted  in  this  country  with 
advantage  from  the  standpoints  of  economy  and  efficiency. 
Black  composition  insulatorsoriginally  came  from  Germany 
and  were  liable  to  the  defects  mentioned,  but  since  the  War 


an  insulator  has  been  made  here  which  is  stronger  and  Sir  wi  mam 
more  durable.  Secondary  batteries  are  so  much  superior  "'^''' 
to  primary  batteries,  especially  at  times  of  peak  load,  when 
the  latter  are  most  liable  to  failure  owing  to  polarization, 
that  they  should  be  adopted  wherever  practicable.  The 
rotar}'  switch  system  ensures  minimum  prime  cist,  minimum 
reserve  batteries,  and  maximum  uniformity  in  working. 

Mr.  E.  O.  Walker  :  The  use  of  aluminium  wire  is  not  ^j- 
referred  to  in  the  paper  ;  I  should  like  to  know  to  what 
extent  it  is  used,  if  at  all,  for  the  telephone  and  telegraph 
services.  I  also  desire  to  ask  whether,  on  the  very  long 
distances  mentioned,  any  particular  spacing  is  arranged 
between  the  wires  in  order  to  prevent  induction  interfer- 
ences. From  my  experience  of  dense  forests  I  think  that 
very  heavy  iron  wire  is  the  best  thing  to  use  there.  I 
should  hesitate  to  use  hard  drawn  copper  and  bronze  wire 
when  heavy  trees  are  constantly  falling  during  the  monsoon, 
since  copper  and  bronze  wires  easilj'  break  ;  whereas  if  a 
tree  falls  on  an  iron  wire,  the  wire  elongates,  and  even 
though  the  wire  is  pinned  to  the  ground,  the  circuit  will 
work  with  a  vibrator.  This  is  not  possible  when  the  wire 
is  broken.  That  is  doubtless  the  reason  why  heavy  gauges 
of  galvanized  wire  have  been  sometimes  used  in  particular 
localities. 

Mr.  .\.  MoiR  :  I  propose  to  deal  more  particularly  with  Mr.  Moir. 
the  question  of  cables  and  joints.  Before  we  can  adequately 
discuss  any  method  of  jointing,  I  think  we  should  be  in 
agreement  as  to  the  meaning  of  the  terms  which  we 
employ.  There  are  three  main  types  of  joints  in  telephone 
cables.  The  first  is  the  air-space  joint,  in  which  the 
paper  is  carried  right  through  and  the  joint  is  left  quite 
free.  The  second  is  the  boiled-out  joint,  in  which  liquid 
paraffin  at  a  very  high  temperature  is  poured  upon  the 
cables  when  they  are  opened  to  be  jointed  and  during 
the  process  of  jointing— tliis  is  not  a  solid  joint.  In 
.American  practice  a  space  is  left  under  the  sleeve  of  the 
joint  so  that,  if  necessary,  air  can  be  passed  through.  The 
third  is  the  solid  joint,  which  is  filled  witii  an  insulating  com- 
pound and  is  hermetically  sealed.  The  author  lias  closely 
followed  these  definitions.  But  when  we  last  discussed  this 
subject  Mr.  Llewellyn  Preece*  described  a  boiled-out 
joint  as  a  solid  joint,  and  the  discussion  which  took  place 
immediately  afterwards  was,  as  a  result,  thrown  some- 
what off  the  line.  That  is  to  say,  the  joint  which  Mr. 
Weightman  has  described  to-night  as  a  boiled-out  joint 
Mr.  Preece  described  in  his  paper  as  a  solid  joint,  so  that 
the  need  for  being  particular  about  the  terms  we  use  is,  I 
think,  apparent.  I  think  we  are  all  agreed  about  the  solid 
joint.  It  is  a  joint  which  is  usually  introduced  at  the  end 
of  an  air-space  cable  at  the  point  where  it  enters  an 
exchange,  but  the  two  joints  about  which  I  think  there 
is  quite  a  healthy  difference  of  opinion  are  the  boiled-out 
joint  and  the  air-space  joint.  I  hold  no  brief  for  either, 
but  I  think  the  air-space  joint  has  a  good  many  virtues 
that  we  are  apt  to  overlook,  while  the  boiled-out  joint 
represents  certain  difficulties  in  application  which  are  also 
sometimes  not  fully  recognized.  To  apply  liquid  paraffin 
at  a  temperature  of  350"  or  400°  F.  to  an  open  joint  on  a 
country  road  need  not  perhaps  bea  very  difficult  operation, 
and  to  apply  it  in  the  subways  of  a  town  is  also  perhaps 
not  very  difficult,  but  I  should  like  to  know  whether  the 
author  has  had  any  experience  of  the  treatment  of  cables 
•  Journal  I.E.E.,  1915,  vol.  53,  p.  545. 
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in  that  way  in  the  crowded  streets  of  a  city  like  Ix>ndon 
or  any  other  large  town.     It  seems  to  mc  that  the  risks  to 
the  piibhc  would  be  vi-n-  Rrcat  indeed  :  and  if  it  is  sug- 
gested to  do  the  work  at  night.  I  consider  it  to  Iw  equallv 
dangerous  to  handle  liquid  wa.x  near  street  lights.     Kvcii 
if   those  difficulties  arc  ovcrconie  there  is   the   diflficultv 
of  Rttling  the  liquid  into  the  manhole  at  a  proper  Icmpcra- 
turc,  and  also  the  risk  to  the  men  st.inding  below  in  the 
crow<Icd    manhole.     Those  are   some   of    the    difficulties 
uhith  occur  to  me.    The  author  states  on  page  114  that 
where  the  development  can  l>e  fairly  accurately  estimated 
it   is   better  to  run  the  circuits  through  in  a  permanent 
manner  to  their  respective  terminations.     I  entirely  agree 
with  him,  because  cable  distribution-heads,  however  care- 
fully they  may  be  handlid.  are  a  source  of  risk  from  the 
maintenance  point  of  view,  and  the  less  they  are  employed, 
to  my  mind,  the  better.     When  I  was  in  Paris  in  1913  1  had 
the  opportunity  of  examining  the  cable-work  in  that  citj*, 
along  with  other  members  of  the  Post  Office  delegation 
who  accompanied  Sir  William  Slingo,  and  we  found  th.it 
the    French    were   cxtraordin.-irily    careful   in   preserving 
their    air-space    cables.     They    had    cable    distribution- 
heads,  and  cast-iron  test  boxes  at  various  points,  but  thev 
never  allowed  the  paper  cable  to  enter  the  lx)xes.     A  solid 
joint   was  interposed   in  the   air-space   cable   before   the 
boxes  were  reached.     The  latest  practice  as  seen  in  1913 
was  to  provide  overground  chambers  on  the  ground  floor 
of  a  building,  into  which  cables  were  led  and  connected  to 
cast-iron  air-tight  test  boxes,  which  it  vv.is  understood  were 
about  to   be   used   for  cross-connecting  points  as    well. 
In   all   these  cases   the   paper   cables   were  solid  jointed 
before  they  reached  the  test  lx)xes,  extensions  of  silk  and 
cotton-covered   wire  being  used,  and   for  that   reason    it 
seemed  to  me  that  the  overground  arrangement  in  Paris 
wa^   a    little   elaborate.     Certainly    liad    the   cables    been 
passing  an  exchange  they  would  have  been  solid  jointed 
and  connected  to  the  main  frame,  the  usual  jumper  wires 
l>eing  used  to  afford  facilities  for  cross  connection.     In 
l^ndon  that  practice  is  followed  successfully.     Although 
I   agree  that  the  routing  should   be  from  the  exchanges 
wherever  pijssibic,  there  are  occasions  when  demands  lor 
tie  lines  within  an  exchange  area  are  so  numerous  that 
cross-connection    arrangements   must    be    m.ide,  as.    for 
example,  in  Whitehall,  where  so  many  of  the  Ciovernincnt 
offices  require  communication  with  one  another.     It  is  not 
possible  to  run  separate  cables  from  every  Government 
office  to  every  other  Government  office,  and  in  a  room  in 
the  middle  of  Whitehall  a  sort  of  "  Clapham  Junction" 
main  frame  has  been  introduced,  with  an  ultimate  cap.icilv 
of  tf.tnn  pairv,  which  enables  the  distribution  between  the 
various    (Kiveniment    offices    to    be    properly    sorted    out 
without    unnecessary   duplication   of   cable.     The   author 
»aid,  I  think,  that  desiccating  w:is   now  onlv  carried  out 
at   I'^o  nntnf  of  irfiuble,  that  is  to  s;iy,  as   I  understand, 
r*  rs  are  used  and  are  applied  to  (he  cables 

*'  '  '-'   Ibc  insulation  shows  weakness.     That 

i»  the  practice  which  it  being  generally  adopted  in  this 
country.  At  the  oul»cl,  the  practice  of  the  National 
Telephone  Cumpanv.  and  of  the  Post  Ofticc,  was  to  install 
"''  '<"  exchange  where  motive  power  was    | 

*'  H'"   'hf   d.    uxaling   plant   at   the    1 

"  'I  cOicieiit  range,  and    I 

*  pcli'il  diivin.  arc  mi 


efficient   that  the  idea  of   providing  desiccating  plant  at  Mr.  \ 
new  exchanges  has  been  therefore  .ibandoned. 

Mr.  K.  W.  Ck.\\\ter  :  On  p.igc  1)7  tlic  author  discusses  Mr 
the  desirability  of  the  electric  lighting  of  cxcli.inges  being 
placed  in  the  hands  of  a  telegraph  or  telephone  engineer, 
and  he  says  :  "  Between  the  power  requirements  of  tele- 
graphy and  telephony  and  the  complexities  of  the  various 
systems  of  ligliting  there  is,  however,  a  wide  difierencc." 
How  anybody  who  is  familiar  with  such  intricate  apparatus 
as  an  automatic  telephone  exchange  can  complain  of  the 
complexities  of  an  electric  lighting  installation  I  cannot 
understand.  1  think  coloiii.tl  engineers  are  to  be  congratu- 
lated on  the  life  that  they  have  obt;iined  from  the  various 
applications  of  their  secondary  batteries  under,  to  them, 
novel  conditions,  quite  up  to  the  average  of  batteries  in  this 
country,  and  I  think  Ih.it  this  is  all  the  more  creditable  be- 
cause the  conditions  of  operation  of  a  battery  in  a  common 
battery  telephone  exchange  is  not  quite  on  all  fours  with 
the  care  required  by  a  battery  in,  say,  an  electric  hghting 
plant,  primarily  because,  in  order  to  allow  for  extensions, 
the  boxes  in  the  lirst  instance  are  provided  large  enough 
to  contain  considerablv  more  plates  than  arc  at  first  in- 
stalled. Consequently  in  order  to  do  awav  with  the  l.^rge 
volume  of  acid  which  would  otherwise  be  present  if  one 
installed.  s.iy,  7  plates  only  in  a  tx)x  capable  of  holding 
25  plates,  dummy  displacement  tanks  are  utilized  to  avoid 
having  such  a  large  volume  of  acid.  Even  so,  there  is  not 
the  same  range  of  specific  gravity  between  charge  and 
discharge  as  obt.iins  in.  say,  an  electric  lighting  battery, 
and  gravity  readings,  therefore,  are  not  such  a  correct 
indication  as  to  the  condition  of  the  cell.  To  de.1l  with 
this  goint  it  is  now  becoming  the  practice  of  the  British 
Post  Office  to  specifv  within  limits  what  the  vari.ition  in 
gravity  shall  be  in  cases  where  the  boxes  are  not  filled  with 
their  complete  complements  of  plates.  The  author  refers 
also  to  the  use  of  secondary  batteries  for  telegraph  work, 
and  I  think  he  might  have  put  the  case  perhaps  a  little 
more  strongly  when  he  says  that  with  such  batteries  com- 
plaints of  weak  signals  are  not  often  received,  as  every 
telegraph  man  knows  that  with  secondary  batteries  the 
signals  are  much  stronger  than  with  primaiy  batteries. 
With  regard  to  the  charging  of  secondary  batteries,  I  con- 
sider that  for  small  capacities  it  is  simpler  to  charge  direct 
from  the  mains  through  a  resistance  rather  than  through  a 
motor-gener.itor,  but  with  larger  cap.icities  charging  off 
the  mains  would  t>c  r.ither  wasteful. 

Mr.  C.  C.  K.  MoxcKTOx  :  I  only  arrived  in  England  a  JJ^- 
week  or  two  ago  from  one  of  the  farthest  colonies  in  the 
Empire,  namely.  Fiji,  and  possibly  it  will  be  of  interest  if 
I  describe  what  we  are  doing  there.  The  papei  should 
lea<I.  I  think,  to  considerable  standardization,  but  at  the 
s.ime  time  I  think  there  are  special  conditions  in  each 
colonv  which  will  make  variations  necessary,  depending 
more  essentially  on  the  lal>our  and  atmospheric  condi- 
tions. In  Fiji  wc  are  trouble<l  a  good  deal  with  the  high 
cost  of  living  and  expensive  labour.  There  are  three 
classes  of  labour  in  Fiji.  For  cutting  down  limlHT  we 
employ  Fijians  to  whom  we  pav  2s.  a  day.  For  other 
woik  we  pay  Indians,  who  have  been  for  five  years 
in  the  colony,  js.  a  day.  and  we  have  to  pav  untrained 
while  laboui  ijs.  to  13s.  a  day.  It  will  thus  lie  seen 
that  the  lab<iiir  conditions  arc  fairly  scvcie.  We  are  able 
to  gel  a   compete  nl   liiicsin.iii  from  New  Zealand  for  /^ioo 
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a  year,  rising  to  ^250  a  year.  In  his  paper  the  author  has 
'""■  dealt  with  the  question  of  delays  in  delivery  ;  we  know 
how  difficult  it  is  to  get  goods,  and  necessarily  so  at  such 
a  distance.  In  a  place  like  Fiji  it  means  making  provision 
for  about  two  years  ahead.  With  regard  to  the  question 
of  administration,  in  Fiji  we  have  a  separate  telegraph 
and  telephone  department.  The  superintendent  of  the 
telegraph  department  is  responsible  not  only  for  the 
engineering  side  but  also  for  sending  out  accounts,  both 
telegraph  accounts  and  telephone  and  wireless  accounts. 
He  is  also  responsible  for  collecting  the  revenue.  In 
towns  three  governing  factors  have  to  be  borne  in  mind  ; 
first,  the  expensive  labour  ;  secondly,  the  hurricanes  ;  and 
tliirdly,  the  poor  house  construction.  In  the  towns  in 
Fiji  we  use  iron-bark  poles  from  Australia.  A  few  old 
poles  of  15  years'  standing  are,  I  believe,  in  existence,  but 
the  existing  s)'stem  in  Fiji  was  started  only  about  six 
years  ago.  A  little  of  the  sap  wood  has  deteriorated,  but 
otherwise  ever}'  pole  that  was  erected  six  years  ago  is 
almost  perfect.  We  have  very  narrow  streets,  and  there 
is  not  much  room  for  the  poles.  Balconies  jut  over  the 
street,  and  in  some  cases  we  have  to  use  iron  brackets 
fixed  to  the  houses.  Then  we  have  to  contend  with  the 
poor  house  construction  and  the  hurricanes.  When  a 
hurricane  occurs  a  good  many  of  the  roofs  of  the  houses, 
which  are  made  of  galvanized  iron,  fly  off.  The  galvanized 
iron  sometimes  flying  about  100  yards  may  easily  cut 
through  60  wires.  We  have  gradually  reduced  the  number 
of  overhead  wires  and  are  now  putting  down  13  pairs 
of  armoured  cables  to  get  over  the  difficulty.  These  iron- 
bark  poles  are  very  heavy  and  costly,  and  in  the  country 
districts,  where  transport  is  more  difficult,  we  use  iron  poles 
of  tubular  construction.  We  have  recently  followed  wire- 
less practice,  and  over  a  river  of  440  yards'  span  have  used 
7/19  silicon  bronze  wire,  which  seems  satisfactory.  I 
have  noticed  one  thing  which  may  have  been  observed 
b}'  other  engineers,  namelv,  that  when  we  use  square 
iron-bark  poles  creepers  do  not  grow  up  them.  I  have 
been  out  in  Fiji  for  five  3'ears  ;  for  the  first  four  j-ears 
there  were  practically  no  thunderstorms,  so  I  took  few 
precautions  ;  but  during  the  last  hot  season  the  lightning 
was  very  troublesome  indeed,  and  I  am  now  trving 
Siemens's  vacuum  arresters  at  different  points  along  the 
lines.  In  one  case  of  a  fire  last  year  I  traced  the  cause 
to  the  lightning  striking  the  galvanized  iron  roof,  going 
through  the  woodwork  of  the  house  and  then  out  through 
the  telephone  wire. 

Mr.  D.  H.  Kennedy  :  In  considering  Canada  the  author, 
^''  after  describing  the  method  of  preparing  the  boiled-out 
joint,  says  :  "  The  splice  on  a  dry-core  cable  is  undoubtedly 
its  weakest  point,  but  this  form  of  joint  when  carefully 
made  is  so  reliable  that  breakdowns  are  of  very  rare 
occurrence.  It  is  in  almost  general  use  in  the  United 
States."  He  speaks  apparently  with  commendation  of 
that  sj'stem.  In  dealing  with  Australia  he  confines  him- 
self to  this  remark  :  "  Tlie  Post  Office  method  of  jointing 
and  drying  out  dry-core  cables  is  followed,"  and  there  is 
no  comment.  Some  London  telephone  and  telegraph 
engineers  doubt  whether  the  present  type  of  dry  joint  is 
the  best.  It  undoubtedly  offers  the  facility  that  when 
trouble  occurs  we  can  turn  on  the  dry  compressed  air  and 
remove  the  trouble  very  quickly  ;  but  on  the  other  hand 
the  cost  of  desiccating,  which  seems  to  be  verv  frequently 
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necessary  in  a  large  city,  where  the  joints  are  open  Mr. 
air-space  joints  becomes  very  considerable.  I  notice  '^""•"'.'"• 
that  in  the  recent  issue  of  Preece's  "Telegraphy  " 
a  remark  is  made  in  regard  to  the  British  method  of 
drying  out  joints,  namely,  that  it  is  practically  confined  to 
the  British  Isles,  and  that  the  American  system  is  on  quite 
other  lines.  I  should  be  glad  if  Mr.  Weightman  would 
give  us  his  opinion  as  to  the  respective  merits  of  the  two 
systems. 

Mr.  W.  AlTKEN"  :  I  should  like  to  make  a  few  remarks  Mr  .Aitken. 
regarding  outside  construction  and  exchange  svstems. 
With  regard  to  the  former,  one  is  rather  surprised  to  see 
mentioned  some  of  the  relics  of  the  past — the  "Bright" 
shackles,  and  "barrel"  insulators,  the  latter  being  illus- 
trated. Reference  is  made  several  times  in  the  paper 
to  "leading-in  "  insulators.  That  is  very  gratifying  to  me 
because,  I  believe,  I  was  the  first  to  point  out  the  necessity 
for  the  use  of  leading-in  insulators,  in  June  1896,  in  connec- 
tion with  the  introduction  of  the  permanent  battery  on 
open-wire,  overhead-line  work.  My  design  of  1897  was 
adopted  by  the  National  Telephone  Company  and  some 
hundreds  of  thousands  of  these  insulators  were  used  by 
that  Company.  The  new  Purves  and  Sinnot  pattern 
adopted  by  the  Post  Office  is  a  very  excellent  design, 
embodying  the  spirit  of  my  original  invention.  I  should 
like  to  ask  the  author  what  his  experience  has  been  in 
regard  to  the  bringing  of  the  two  wires  of  a  circuit  to  two 
separate  knobs  on  one  pattern  of  this  insulator.  A  funda- 
mental function  of  the  original  leading-in  insulator  was  to 
prevent  leakage  of  the  current  to  earth  when  the  covering 
of  the  leading-in  wire  was  wet.  It  seems  to  me  that  on 
the  Purves  and  Sinnot  pattern  there  is  leakage  from  wire 
to  wire  when  the  two  wires  are  on  the  same  insulator, 
when  the  surface  is  dirty  and  wet.  I  should  like  to  know 
if  in  practice  this  is  sufficient  to  aft'ect  transmission.  I 
rather  dislike  the  "  ring-througli  "  system  being  introduced 
at  Suva,  Fiji.  The  ring-through  system  is  good  in  certain 
conditions,  but  I  do  not  believe  it  is  good  practice  to  give 
the  public  any  responsible  operating  to  do  after  it  has 
attained  connection,  other  than  to  replace  the  receiver. 
To  "  call "  by  turning  a  crank,  or  by  rotating  a  disc  in  an 
automatic  system  is  all  right,  but  having  attained  his. 
connection  the  caller  should  give  the  clearing  signal,  or 
restore  all  apparatus  to  normal  bj-  replacing  the  receiver. 
In  the  case  of  Suva  he  is  asked  to  depress  a  kev.  In  the  ^ 
first  ring-through  s\'stem  that  I  designed,  in  1896,  I 
recommended  that  ringing-through  should  be  with  the 
receiver  in  the  hand,  so  that  automatic  clearing  wa* 
obtained  on  replacing  the  leceiver.  The  system  that  I 
designed  in  1898,  which  was  adopted  by  the  National 
Telephone  Company  to  replace  the  call-wire  system,  cleared 
by  depressing  a  key  after  conversation,  but  I  believe  the 
inferior  sj'stem  was  adopted.  All  that  is  required  to  give 
automatic  clearing  is  that  tlie  switchhook  ^hould  earth  one- 
or  both  lines,  and  a  very  simple  device  on  the  generator  to- 
short-circuit  the  receiver  when  ringing.  The  objection 
made  was  that  a  subscriber  would  never  learn  to  ring  with 
the  receiver  in  the  hand,  but  tliat  argument  does  not  appeal 
to  me.  The  author  makes  a  reference  to  "  train  despatch- 
ing "  in  Canada,  which  might  be  amplified.  That  is  a 
most  important  application  of  telephone  operating  in 
Canada  and  the  United  States.  As  members  are  probably 
aware,  that  is  a  "  partv  line"  with  from  20  to  ^o  railway 
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Mt  Aiikcs.   ^;  ■    ^'g"-'*'''  *"<'  'he  like  connected.    At  one 

I,,  jil.  or  at  an  intermediate  point,  a  "  des- 

puciicr  IS  located  who  controls  by  telephone  the  whole 
erf  the  iraftic  on  a  section  of  a  railway  line.  The  despatchcr 
has  a  sciies  of  automatic  impulse-sending  keys,  one  for 
each  station,  so  that  he  can  call  any  station,  whether 
another  station  is  on  the  circuit  or  not.  Every  station  has 
immediate  telephone  access  to  the  despatcher  by  lifting 
the  receiver.  There  are  several  systems— the  "  Gill  "  was 
the  one  1  saw  in  use  in  Montreal.  The  Western  Klcctric 
Co::ipinv  and  other  firms  also  have  systems  on  the  m.vket. 
I  c  or  two  British  railway  companies  arc  using  a 

i;..  .,  n  of  the  Western  Electric  Companys  system 
on  their  railway  services,  but  not  for  train  despatcliing. 

Mi.ol:.  Mr.  K.  Gill  :  1  pro|>ose  to  confine  my  remarks  to  two 

or   three   points.     First,   the  author   refers    to    American 

organization  and  he  uses  the  expression  "  engineering  (or 

plant  as  it  is  termcdi.      It  is  not  correct  to  assume  that 

the   Aracrieaii  organixalion  merely  changes  the  name  of 

the  engineer  into  that  of  tlic  plant  engineer.     It  is  true 

that  part  of  the  org.ini/ation  is  often  divided  into  the  three 

parts,  but  above  that  is  the  chief  engineer  and  he  deals 

with    the    recommendations   from  the    plant   and   traflic 

superintendents.     Next   I  want  to  refer  to  the  question  of 

insulation.     The  author  mentioned  trouble  tli.it  occurred 

at  Hort  of  Spam.     1  should  like  to  ask  him  ^whether  he 

can  give  anv  an.-ilyM>  of  the  trouble  there.     I  have  come  to 

the   conclusion   that  it  i>   really  a  question  of  making  a 

careful  analysis.     A  case  I  have  in  mind  is  one  in  a  w.irm 

country,   and  there  we  have  recently  made  a  number  of 

repeated   tests   on   the   plant    without   any   precautionary 

measures   KMng   taken.     The  humidity  at  8  a.m.  ranged 

from  about  N;  to  <>5  per  cent  :  the  average  humidity  on  the 

da\-s  of  the  test  wa>  i>o  per  cent.     The  rainfall  on  one  day 

of  the  test  was  4^  in.  and  on  some  of  the  other  days  of 

the  test  was   i   in.     The  percentage  of  lines  during  these 

rcpe.ited  tests  which  were  not  then  fit  for  central  battery 

working  varied  between   i  and  8  fKr  cent.     We  think  we 

know  where  the  tioublc  is  and  how  to  get  over  it,  and  do 

not  think   there   will  In-  difiiculty  in    inst.alling  a   central 

battery.     May  I  now  refer  briefly  to  the  subject  of  joints. 

I  invcstigate(i  this  subject  some  years  ago,  and  my  opinion 

«s  very  strong  that  the  boiled-out  joint  is  far  superior  to  the 

dry  joint.     It   is  true  that  if  there  is  dry  air  plant  we  can 

repair  the  faults,  but  it  is  also  true  that  if  the  f.-iult  is  a  very 

had  one  there  is  nothing  to  do  but  take  the  cable  out.     If 

that  IS  correct,  dry  air  is  a  method  whicli  will  repair  small 

faults.     The  next  question  is  :  Where  do  the  faults  occur  ? 

And  the  answer   is.  in  the  joints.     If  a  boiledout  joint 

i»  Uken  and  deliberately  abused,  we  shall  find  that  the 

Ujilcd  out   joint   will  stand   up  to  much  more  b.id  usage 

ihai,   will   a  drv  joint;  it   IS  more  robust.     Dry  air  plant 

,  '      ,ble  capital  expenditure  and  I  believe 

I  )oint    IS   more   economical   than    the 

..t;,ci      <M   I'.iirse.  as  Mr.   Moir  said,  precautions  must  be 

taken,   lull   none   of  them  seem  to  l>c  of  sufficient  import- 

Aoce  to  turn  the  scale  in  the  other  direction. 

It  ircm«  to  me  that  the  author  has  not  devoted  sufficient 
attention  in  the  paper  to  economic  questions,  and  I  take  as 
i^pujlil..  '       n  wire.    On  page  mS  the  author  says 

(    ii   f'-r    ■  !i  from  the  underground  cable  to  the 

4:  a  70  lb.  copper  wire,  and  he 
I  !■  ii  i>  vity  dcsiral'lc  I"  keep  the 


resistance  low.  That  seems  to  me  to  be  wrong.  I  do  not  Mr 
think  it  is  a  question  of  keeping  the  line  resistance  as  low 
as  possible,  but  of  working  to  predetermined  standards 
of  transmission.  Suppose  that  in  designing  a  system  we 
want  our  subscribers'  lines  to  have  a  resistance  between 
200  and  300  ohms.  Consider  the  case  of  a  large  number 
of  subscribers  who  are  within  about  half  a  mile  of  the 
exchange.  If  we  put  in  a  10  lb.  cable  the  resistance  will 
be  about  100  ohms,  and  there  will  be  too  ohms  to  spare. 
If  a  6i  lb.  cable  is  used  there  will  be  about  42  ohms 
to  spare,  and  if  a  5  lb.  cable,  about  12  ohms  to  spare, 
and  it  is  economical  to  use  that  resistance.  A  main 
requirement  for  distributing  wire  at  the  end  of  the 
cable,  particularly  if  it  is  for  covered  distribution,  is 
mechanical  strength.  We  can  get  that  by  using  iron 
wire,  and  we  can  get  it  within  the  limiting  resistance. 
I  think  it  will  be  found  that  the  difference  in  price  paid 
for  a  70  lb.  copper  wire  if  a  60  lb.  iron  wire  can  be  us«d 
will  be  more  than  that  p.iyable  if  it  is  desired  to  effect  the 
same  saving  in  transmission  bv  applying  the  remedy  in 
some  other  part  of  the  circuit.  The  figures  below  are 
based  on  pre-war  prices,  and  with  the  prices  that  prevail 
at  the  present  moment  one  does  not  wish  anything  to  go 
out  from  the  Institution  which  would  prevent  i!ie  clu.ipoi 
metal  from  being  used  in  the  proper  place 

Lenglli  of  distribution  0125  mile  of  circuit 
Waste,  3  per  cent 

Price — Copper  £ii       per  ton 

Assumptions  ^  Bronze  i,io2  5s. 
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Major  A.  C.  Booth  :  The  information  in  this  paper  Mah 
detailing  the  lyyK  of  work  done  in  the  colonies  gives  us  an 
opportunity  of  "seeing  ourselves  as  others  sec  us."  The 
conditions  of  climate,  staff,  labour,  etc..  arc  so  very 
different  from  those  we  experience  in  the  home  service 
that  one  is  not  surprised  at  variations  from  our  methods  ; 
but  it  i'-  gratifying  to  know  that  these  methods  arc,  in  the 
main,  satisfaclorv.  and  that  Ihc  information  and  .idvice 
given  to  our  colonial  c<ilUagucs  is  so  very  well  appre- 
ciated. Passing  to  the  branch  of  the  paper  that,  just  at 
present,  intercts  me  most,  viz.  machine  telegraphs.  I 
must  call  attention  to  the  remark  on  page  1 12  reg.irding 
the  Creed,  which  reads  as  follows  :  "  The  maintenance 
costs  of  the  apparatus  are,  however,  found  to  be  high, 
and  the  liabilitv  to  error  is  considerable,  unless  constant 
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and  expert  attention  is  given."  This  information  is  of 
real  importance  to  all  concerned  with  main-line  traffic, 
and  I  should  like  to  know  the  experience  of  other  users  on 
this  particular  point.  The  first  cost  of  the  Creed  apparatus 
is  in  my  opinion  far  too  high  as  compared  with  the  cost  of 
other  apparatus  giving  approximately  the  same  output  and 
economy.  If,  also,  the  maintenance  costs  are  equally 
disadvantageous  to  users,  then  it  is  obvious  that  preference 
will  be  given  to  those  systems  which  do  not  suffer  from 
such  drawbacks.  Turning  now  to  page  no,  some  mis- 
conception might  arise  from  the  statement  in  regard  to 
Baudot  apparatus  in  use  in  Ceylon  and  India  differing 
essentially  from  Post  Office  practice,  in  that  the  dis- 
tributors as  well  as  the  receivers  are  motor  driven.  The 
difference  is  merely  in  the  method  of  driving  and  is  a 
small  matter  ;  whereas  from  the  telegraphic  point  of  view 
there  is  no  difference  whatever.  The  installations  in  India 
are  mainly,  if  not  all  of  them,  worked  on  tlie  simplex 
method  with  one  or  more  channels  in  each  direction, 
similar  to  the  sets  worked  between  London  and  Paris 
until  recently ;  while  the  Ceylon  installation  is  worked 
either  simplex,  like  the  sets  in  India,  or  as  duplex  on 
exactly  the  same  method  as  the  duplex  Baudot  sets  in  this 
country.  One  of  the  greatest  advantages  claimed  for  the 
original  simplex  Baudot  system  was  its  capability  of  pro- 
viding simultaneous  communication  in  both  directions  on 
a  variable  or  badly  insulated  line  ;  a  facility  which  could 
not  be  obtained  from  systems  requiring  a  duplex  balance. 
This  has  led  to  the  opinion  in  some  quarters  that  the 
duplex  Baudot  was  only  suitable  for  highly  insulated 
circuits  such  as  exist  in  our  paper-insulated  cables.  This 
impression  is  quite  wrong,  as  had  been  proved  on  the 
London-Berlin  double  duplex  Baudot  sets  before  the 
War  ;  and  also  on  the  London-Glasgow  quadruple-duplex 
Baudot  set  giving  eight  channels  over  a  400-mile  aerial 
line,  on  an  occasion  when  the  underground  cable  hap- 
pened to  be  interrupted  temporarily.  The  reason  why 
duplex  Baudot  of  more  than  six  channels  was  confined 
to  underground  cables  was  because  these  cables  happened 
to  be  available  and  not  at  all  because  of  possible  duplex 
troubles  on  aerial  lines. 

It  is  not  many  years  ago  since  Mr.  Hesketh,  the  chief 
engineer  to  the  Australian  Commonwealth,  was  in  this 
country  seeking  advice  as  to  improvements  on  his  main 
line  of  communication.  As  he  already  had  the  Wheat- 
stone  system  in  use,  he  was  advised  to  try  the  addition  of 
the  Creed  as  a  first  experiment  to  see  how  it  suited 
Australian  conditions,  and  then  to  try  the  duplex  Baudot. 
The  Creed,  although  very  expensive,  was  only  an  addition 
and  not  a  radical  change,  and  could  therefore  be  tried 
without  much  inconvenience.  He  was  told  that  it  would 
very  likely  have  to  give  place  to  the  duplex  Baudot,  but 
the  results  and  experience  gained  from  the  experiment 
would  fully  justify  the  cost  incurred.  I  understand  now 
that  the  second  stage,  viz.  duplex  Baudot,  either  actually 
or  in  the  form  of  Murray  multiplex  or  Western  Electric, 
both  of  which  are  practically  duplex  Baudot  systems,  is 
about  to  be  tried,  and  I  hope  Mr.  Hesketh  will  be  good 
enough  to  publish  the  results,  perhaps  as  a  paper  to  this 
Institution.  Personally,  I  feel  sure  of  an  unqualified 
success  even  on  these  long  Australian  lines  working 
through  several  duplex  repeaters,  and  it  may  be  of  interest 
to    rnention    that   an   experiment   was   commenced    with 


double  duplex  between  London  and   Berlin  through  five  M.ijor 
duplex  repeaters  so  as  to  use  an  entirely  underground  line    °°'  ' 
between  Berlin  and  the  coast.     The  results  were  promising, 
so  far  as  the  trial  went,  but  it  had  not  concluded  when 
more  important  events  intervened. 

Mr.  H.  W.  Pendry  :  With  regard  to  the  remuneration  Mr.  Pendry. 
paid  to  officers  who  serve  in  the  colonies  and  in  tropical 
countries,  I  found  the  conditions  of  living  for  Europeans 
were  such  that  any  young  man  going  out  from  England  to 
the  tropics  should  expect  between  two  and  three  times 
the  salary  that  he  would  receive  in  England.  I  also  desire 
to  support  the  suggestion  of  official  visits  to  Europe  and 
America  in  order  to  keep  up  the  standard  of  efficiencj'. 
With  regard  to  the  Baudot  system,  I  was  responsible  for 
the  installation  referred  to  on  page  no  which  did  so  well  ; 
it  just  doubled  the  output  provided  for  in  the  requisition. 
The  apparatus  was  cheaply  converted  into  simplex-duplex, 
and  we  are  able  to  work  duplex  daily  on  that  line.  The 
author  mentions  the  ease  with  which  the  operators  pick  up 
the  Baudot  alphabet.  After  a  month's  tuition  of  2  hours 
per  day  I  have  had  several  operators  who  could  deal  with 
50  messages  an  hour.  We  have  nothing  in  our  records  of 
Morse  training  which  will  compare  with  that.  With 
regard  to  the  selection  of  type-printing  systems,  one  point 
in  favour  of  the  Baudot  apparatus  is  that  it  is  of  very  solid 
construction  and  repairs  are  seldom  necessary.  The 
Baudot  receivers  purchased  and  installed  20  years  ago  are 
still  working  well.  In  comparison  of  speed,  certain  experi- 
ments showed  that  where  Wheatstone  gave  50  words  per 
minute  the  Baudot  would  give  100  words  per  minute,  and 
it  suffers  less  distortion  on  varying  lines.  The  author's 
recommendation  of  secondary  cells  deserves  attention  ;  it 
would  be  well  to  provide  larger  conductor  leads  for  dis- 
tribution to  the  instrument  tables  to  minimize  the  drop  in 
voltage  experienced  when  small-gauge  wire  is  used. 

Mr.  G.  F.  Maxsbridge  :  In  regard  to  the  supply  of  Mr. 
stores,  I  have  had  repeatedly  brought  to  my  notice 
difficulties  experienced  by  manufacturers  in  correctly 
meeting  colonial  indents,  owing  to  the  name  of  the  article 
not  being  sufficiently  definite  or  descriptive.  To  provide 
against  this,  some  colonial  administrations  have  from  time 
to  time  put  forward  a  request  for  a  copy  of  the  Post  Office 
"  Vocabulary  of  Stores,"  in  which  all  items  of  Post  Office 
engineering  stores  are  shown  under  recognized  —  and 
recognizable — titles,  and  I  believe  that  these  vocabularies 
have  proved  of  great  value  to  engineers  in  the  colonies. 
The  author  speaks  of  dilatoriness  on  the  part  of  home 
manufacturers  in  supplying  stores.  No  doubt  he  has  some 
reason  for  this  charge,  but  my  sympathy  is  rather  with 
the  manufacturers,  knowing,  as  I  do,  that  they  are  not 
infrequently  called  upon  to  supply  small  numbers  of 
instruments  or  stores  of  a  type  not  of  the  latest  pattern, 
and  therefore  not  such  as  can  be  supplied  without  being 
specially  manufactured.  Cases  have  come  under  my  notice 
where  items  of  current  type  could  have  been  used,  i.e.  they 
were  interchangeable  with  the  obsolescent  item,  and  the 
delay  was  due  solely  to  insistence  on  the  older  type.  On 
page  in  the  author  (referring  to  the  Wheatstone  motor 
drive)  states  that  the  difficulty  due  to  the  variation  of 
speed  is  being  got  over  by  the  adoption  of  a  larger  motor. 
While  it  is  true  that  a  larger  motor  is  now  being  fitted,  I 
do  not  agree  that  it  is  the  proper  way  to  get  over  the 
trouble.     The   train-work   of  the   Post  Office  Wheatstone 
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Mr  <  .illy  a  clockwork  mechanism ;  it  was 

MuttSrxici  :ivcn,  and  the  power  transmitted 

;-  ^       .Us.     To  lit   to  Mich  mechaniMU, 

doigned  for  transniilting  so  small  an  amount  of  power, 
a  motor  developing  lo  or  20  times  the  power,  imposes  an 
undue  strain  upon  the  train-work  and  results  in  heavy  wear 
on  the  whcel>  and  pinions.  The  correct  method  would  be 
to  alter  the  desipn  of  the  small  motor  originally  lilted  so  as 
to  reduce  !  11;.     In  regard  lo  the  protection  of 

app.iratus;:  ..>charges.  I  would  draw  attention 

to  the  succfs^lui  um:  in  this  country  of  small  condensers 
made  from  meUlliicd  paper,  as  referred  to  by  Mr.  Slubbs 
on  page  578  of  volume  41  of  the  Journal.  These  con- 
densers, as  is  now  well  known,  may  with  impunity  be 
perforated  by  high-tension  discharges,  and  their  successful 
us«  for  absorbing  high-tension  discharges  in  overhead 
circuits  running  in  the  neighbourhood  of  high-power 
V.  ^csls  that,  in  countries  where  lightning 

i~  should  be  equally  successful  in  pro- 

tecting apparatus  tiom  such  lightning  or  high-tension 
discharges  as  get  past  the  ordinary  lightning  protector. 

J?'  ^  Mr.   1.   E.    KiXGSDiRY  :   One   has  to    remember    what 

engineering  works  arc  being  constructed  for.  The  author 
gives  us  some  valuable  facts,  and  I  lake  two  of  them  as  an 
illustration  of  my  remark.  One  is  of  an  administration 
winch  superintends  the  construction  of  the  poles  and 
sfK-cifies  the  materials  only  where  the  line  goes  over  its 
own  property.  The  other  is  of  an  administration  which 
will  not  connect  any  lines  to  its  system  until  those  lines 
throughout  have  been  properly  constructed.  In  the  latter 
case  the  administration  recognizes  what  the  line  is  for, 
namely,  to  be  talked  over.  In  the  former  case  the  line 
might  l>c  regarded  as  nothing  more  than  an  ornament  to 
the  landscape.  Control  over  connecting  lines  is  one  of 
the  first  essentials  for  good  service.  The  tendency  on  the 
part  of  some  engineers  lo  regard  their  own  conditions  :is 
so  special  as  to  require  something  quite  different  from 
anybody  else  should  not  receive  undue  encouragement. 
In  some  cases  it  may  be  quite  true,  but  there  is  one  respect 
in  which  a  Crown  Colony  differs  in  no  regard  from  that 
of  a  metropolitan  city.  The  telephone  serves  the  same 
purpose  in  Ixith,  to  give  communication  among  the  in- 
liabitants,  and  the  more  people  it  serves  the  more  good  it 
doc'  The  author,  referring  to  a  particular  system,  said 
It  'in  certain  cases  "  because  the  commercial 

c  .'.t  sr>  pressing  as  in  l.irge  centres,"  but  the 

tcleplionc  IS  an  educative  institution  and  commercial  con- 
ditions respond  to  its  influence.  The  conditions  in  ccrUiin 
localities  may  re<]uirc  the  material  to  be  treated  in  some 
special  way,  but  I  very  much  doubt  whether  there  is  any 
localitv  which  requires  a  new  system  or  a  system  that  in 
t!  ■■  .  -t  of  the  world  is  not  the  IksI.     By 

«'  .  .  .iny  particular  constriiclioii,  hut  the 

I!  1    by    the    sub-<riber.     To  reach  the 

c  i'>cal  condiliciiis  will  not  peimil  the 

u»c  fit  '  IS  the  Ik-sI  elsewhere  may  be  the  line  of 

U X  •■  ■■  hut  might   n'.l  l.tilii  results  be  obtained 

I'  .hat  are  them  .    in  details  which 

«iii  a'ljj^  iri'    I'*.-!!  tyMcm  to  lirv.ii  I,  "ii.Kiiuns  ? 

Strinuau  '^''  *■••  T.  \Vll.l.l*»l»:  It  ii  very  misleading,  in  judging 

I  I  '      '        '  wind  h.i»  a 

t|  nivr  in  liillv 

(Itktiicl*  tlifc  uiikI  iiw>   ^uildiiil)   lull  .titd  .suddenly  Coin- 


nicncc  again  similar  to  a  "  hammer  action  "  and  perhaps  Mr. 
veer  round  in  exactly  the  opposite  direction.  Even  on  '  "■ 
lines  which  have  been  constructed  on  the  best  engineering 
principles  and  where  typhoon  troubles  have  been  taken 
into  account,  I  have  seen  a  lot  of  the  line  brought  down. 
Tlic  next  thing  to  which  I  wish  to  refer  is  humidity.  I 
tried  to  get  a  telephone  company  to  install  a  central  battery 
system  some  years  ago  in  a  colony  where  we  get  a 
humidity  very  often  of  100  per  cent.  They  would  not  do 
it  ;  but  I  am  gl.id  lo  hear  one  speaker  s.iy  that  he  thinks 
we  are  coming  to  the  time  when  we  need  not  fear  installing 
central  battery  systems  even  under  the  most  adverse  con- 
ditions of  humidity.  Anollier  point  is  in  connection  with 
the  interior  wiring  of  buildings,  for  telephones,  where  the 
water  runs  down  the  walls  in  streams.  It  has  been  found 
in  the  Far  East  th.it  if  the  wires  are  lead-covered  many  of 
the  troubles  which  previously  existed  will  cease.  Small 
insul.ited  lead-covered  wires  arc  used,  the  wires  being 
joined  by  a  lead  strip,  and  the  wires  are  clipped  up  by  the 
lead  joining  the  two  separate  wires.  Xexl,  in  regard  lo 
corrosion,  when  we  gel  so  much  humidity  it  is  essential 
that  any  iron  or  steel  parts  should  be  very  carefully  treated. 
Not  only  should  they  be  galvanized,  but  special  precautions 
must  be  taken  with  regard  lo  their  maintenance.  So  far  as 
the  use  of  copper  wire  for  telephone  or  telegraph  lines  is 
concerned,  it  is  not  only  an  engineering  problem  but  also 
presents  other  difliculties.  For  instance,  in  China  it  was 
found  that  the  Chinese  stole  the  copper  wire,  and  for  that 
reason  copper  or  bronze  wire  has  very  often  not  been 
used.  In  a  system  with  which  I  bad  to  deal  in  the  north 
of  China,  we  h.ad  very  peculiar  conditions  to  face.  VVc 
had  not  only  intense  cold  but  high  winds,  great  humidity, 
and  much  fog.  It  was  found  that  the  lines  used  to  get 
very  much  bigger  in  diameter  due  to  the  frost,  necessitating 
most  careful  sLaying  of  the  poles  and  shorter  spans.  The 
conditions  were  very  much  more  severe  than  those  when 
snow  only  is  present.  I  should  like  to  refer  to  the  question 
of  harbour  cables.  Very  often  in  the  colonies  there  are  a 
number  of  islands  between  which  subm.arine  cibles  arc 
laid.  It  was  found  a  very  common  thing  in  China  during 
typhoons  for  the  junks  to  drag  their  anchors  and  inci- 
dentally to  drag  the  cables.  They  have  had  so  much 
trouble  in  one  colony  lh.it  now,  .after  a  great  deal  of 
pressure,  an  anchorage  limit  lias  been  fixed,  within  the  area 
of  which  no  vessel  is  .diowed  to  anchor.  This  h.as  proved 
to  be  a  very  valuable  provision  and  it  would  have  saved  a 
great  deal  of  trouble  if  it  had  been  done  initially.  Even 
when  this  anchorage  limit  had  been  arranged,  trouble 
would  sometimes  .arise,  and  in  one  instance  when  a  new 
telephone  cible  was  laid  it  was  designed  so  that  it  would 
hold  the  largest  vessel  without  breaking.  I  fully  agree 
that  it  is  of  the  utmost  importance  adequately  to  pay 
engineers  working  abro.id.  The  conditions  are  entirely 
dittereiil  from  those  in  Kngl.ind,  and  an  engineer  must  Im: 
prep.ired  to  f.all  in  with  the  social  rules  of  the  pl.acc  or  be 
ostracized.  I  desire  to  add  my  testimony  of  the  value  of 
this  paper  because  I  know  that  electrical  engineers  abroad 
look  to  the  Institution  a^  the  headquarters  of  electrical 
engineering  in  the  British  Empire. 

Lieutenant  l\'.  T.  McArthi'R  :  The  functional  organiza-  l-ic 
linn     '  'ill  South  Africa  in  li)lJ  has  been  found  lo  be 

vci  \  '"\.      The   trouble   coniicvli-d   with   lightning 

pioUcliuii  lucans  a  great  deal  to  us  in  buuth  .\fiica,  and  i 
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t  am  afraid  we  are  still  not  clear  as  to  the  actual  tj'pe  of  pro- 
tection that  should  be  adopted.  Not  only  are  the  Post 
Office  engineers  devoting  their  energies  to  the  subject,  but 
it  is  also  receiving  particular  attention  from  the  technical 
staff  of  the  Eastern  Telegraph  Company.  So  far  we  have 
found  the  carbon  vacuum  protector,  as  an  inside  protec- 
tion, the  best,  but  I  fully  agree  with  the  author's  statement 
that  on  many  of  the  outside  stations  protection  on  the  out- 
side is  really  essential.  At  the  same  time  I  think  it  must 
be  borne  in  mind  that  in  South  Africa,  in  view  of  the  great 
length  of  the  lines  and  the  large  extent  of  territory,  we 
can  have  too  much  protection,  and  that  has  caused  a  great 
deal  of  trouble  in  carrying  out  experiments.  In  German 
West  Africa  the  Germans  have  adopted  a  carbon  vacuum 
protector,  but  in  conjunction  with  it  they  use  the  old  double- 
plate  discharger  of  the  brass  pattern,  and  have  a  suitable 
earthing  device  for  earthing  the  lines  during  heavy  storms. 
In  connection  with  Sir  William  Slingo's  remark  about  one 
of  the  lantern  slides,  I  should  like  to  point  out  that  all  the 
stays  are  on  the  same  side  of  the  railway  as  the  poles. 
Dealing  with  the  question  of  telephone  systems,  I  may  say 
that  the  automatic  clearing  system  which  has  been  so 
largely  adopted  in  South  Africa  has  practically  been  dis- 
carded, and  they  are  now  very  busy  converting  that 
system.  It  has  been  found  that  with  the  enormous  exten- 
sion of  the  trunk  systems  the  loss  of  speech  efficiency  is  so 
great  that  it  has  been  necessary  to  look  into  the  matter 
further.  Up  to  loo  lines  in  small  towns  they  are  using  the 
magneto  system,  and  beyond  that  they  are  going  in  for 
the  central  battery  system.  At  the  present  moment  they 
have  ICO  line  lamp-boards  in  use  and  these  have  proved 
very  satisfactory. 

Mr.  J.  Newlands  (communicated) :   It  is  satisfactory  to 
have    it   stated    that    in    the   colonial   telegraph   services 
generally  the  British  Post  Office  practice  is  accepted  as 
bej'ond  question  because  of  the  conviction  that  the  home 
department  has  tested  out  its  practice  by  many  years  of 
experience  and  its  procedure  has  been  well  thought  out 
before   being   finally  adopted  or  recommended  to   other 
administrations.     It  is  well  known  that  the   British  Post 
Office  gives  every  reasonable  facility  to  inventors  in  order 
that  new  and  promising  S3'stems  may  have  a  fair  and  full 
trial.    In  recent  years  the  general  trend  has  set  in  strongly 
in  favour  of  type-printing  telegraph  apparatus  for  circuits 
carrying    heavy    loads.      The   battle   for   supremacy   has 
chiefly  centred  around  two  points,     (i)  High-speed  tele- 
graphy by   means   of   slips,    prepared   by   keyboard   per- 
forators, which  are  run   through  a  single   transmitter  at 
high   speed   as   on   the   Wheatstone   plan.     (2)  Multiplex 
telegraphy  where  from  two  to  twelve  separate  channels 
may  be  worked — either  by  hand  manipulation  or  by  key- 
board— on  one  circuit  at  a  relatively  lower  speed  per  arm. 
The   former   system   includes   the   Wheatstone   with   the 
adjuncts   of   Creed   re-perforators   and   printer,   also    the 
Siemens  with  its  somewhat  costly  broad  perforated  slip 
and  its  noisy  printer.     These  s}'stems  require  more  super- 
vision.    In  both  cases  the  received  typed  slip  is  gummed 
on  the  forms  and  all  errors  or  erasures  can  be  cut  out  so 
that  a  clearly  printed  message  is  the  result.     The  latter  or 
multiplex   system  includes  the  Baudot  and  the  Western 
Electric.     After  47  years  of  experience  it  is  an  established 
fact  known  to  all  practical  telegraph  officers  that  in  each 
and  every  system  of  high-speed  telegraphy  delay  in  trans- 


mission IS  both  mevitable  and  mseparable  from  the  use  of  Mr. 

,    ,,     ,        ,  ..  Newlands. 

such   appar.atus,  and   that    whenever   corrections   are   re- 
quired this  delay  tends  to  increase.     On  the  other  hand, 
multiplex  telegraph  systems  admit  of  instantaneous  direct 
signalling  and  printing,   while  corrections  can  be  asked 
and  given  with  celerity  and  a   minimum   of   delay,   and 
therefore  these  systems  are  admittedly  far  more  eflicient 
than  all  others  for  the  rapid  transmission  and  disposal  of 
ordinary  public  telegrams.     Expert  Baudot  manipulation 
can  be  taught  to  a  telegraphist  in  approximately  the  same 
time  as  keyboard  perforating  can  be  acquired  by  a  new 
beginner.     In  my  judgment  the  proper  sphere  of  a  high- 
speed  system   such  as  the  Wheatstone  with  or  without 
printing   adjuncts  lies  in  its  utility   in   the   treatment   of 
Press  work,  also  in  its  usefulness  in  sudden  emergencies 
such  as  breakdowns.     For  an  ideal  means  of  coping  with 
a   large  traffic   in   public   telegrams    between   two   large 
centres   the   duplex   Baudot    with   its   multiple    channels 
available  at  will  stands  easily  in  the  foremost  rank.     It  is 
sure  and  certain  ;  it  is  far  less  costly  to  maintain  ;  the  staff 
like  the  style  of  working,  and  the  apparatus  can  be  safely 
left  in  their  hands   provided    one   or   more   of   them   be 
trained   to  act   as   a   competent   dirigenr.    Certain  other 
systems  require  far  too  frequently  the  attention  either  of 
skilled  mechanics  or  even  the  time  and  attention  of  more 
costly   engineers.      These   are   very   vital   and   important 
factors.     It  may  be  worthy  of  mention  that  during  this 
month  (December  1916)  a  telegraphist  in  the  Central  Tele- 
graph  Office  signalled  by  hand  no  fewer  than  96  telegrams 
in  an  hour  over  one  Baudot  sending  arm  to   Bristol,  while 
on  the  five  duplex  Baudot  arms  of  the  same  circuit  on  a 
more  recent  date  as  many  as  546  messages  were  disposed 
of  in  one  hour,  and  501  in  the  next  hour.     The  duplex 
Baudot    is   largely   used    in    London    up    to    quadruple, 
quintuple,  and  sextuple,  thus  giving  8.  10,  and  12  working 
channels   respectively.      It    has   practically  displaced   all 
other  systems  of  working  to  and  from  the  continent  of 
Europe'     It  may  therefore  be  said  with  truth  that  it  has 
demonstrated  its  extreme  suitability  to   meet  all   the  re- 
quirements of  the  British  postal   telegraph  service.     By 
and  by  it  will  be  provided  with  a  keyboard  perforator  and 
its  working  speed  will  then   be   considerably   increased. 
Later  on,  the  French  practice  of  utihzing  the   Baudot   to 
serve  three  or  more  offices  on  one  extended  circuit  will  be 
found  most  useful  for  linking  up  with  a  far  more  satis- 
factory service  many  of   the  large   provincial   centres   in 
Great  Britain.     Another  battle  has  raged  over  the  question 
of  "page   printing"   versus   "typing  on  a  single  sUp  "  and 
gumming.     After '  watching   both   operations   during  the 
course  of  a  lengthy  service  I  am  decidedly  in  favour  of  the 
typed  slip.     Page-printing  introduces  too  much  mechan- 
ism  and  the  product  is  not  very  creditable  when  viewed 
critically.     The  page-printed   message  somehow  or  other 
does  not  look  like  a  public  telegram. 

Mr.  H.  H.  Harrison  {communicated)  :  This  paper  is  Mr. 
difficult  to  discuss  as  it  raises  no  controversial  points.  It  "^"Tison. 
is,  however,  none  the  less  valuable  on  this  account.  To 
administration  engineers  it  is  interesting  as  illustrating 
diversions  from  European  practice.  To  the  manufactur- 
ing engineer  it  is  valuable  as  a  guide  to  modification  in 
materials  and  methods.  The  author  has  shown  how  wide- 
spread is  the  adoption  of  British  Post  Office  practice. 
This  is  a  most  satisfactory  policy.    It  not  only  leads  tg 
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efficient   methods,  but,  and  this  is   of  great  importance, 
CI-.  .'ation   in    manufacture   with   all  its  re- 

su.:  Australia  is  still  somewhat  of  a  sinner 

in  this  respect,  ms'iting  tenders  from  British  manufacturers 
for  small  quantities  of  telegraph  apparatus,  the  patterns  for 
which  arc  obviously  of  American  origin.  The  sUdes  shown 
by  the  author  reveal  the  excellence  of  pole-line  construc- 
tion in  South  Africa.  Both  from  the  engineering  and 
aesthetic  standpoints  this  is  excellent.  On  page  109  the 
author  mentions  the  electrically-driven  distributors  used 
wnth  the  Baudot  system  in  Ceylon  This  is  reverting  to 
Baudot's  original  method  and  it  would  be  interesting  if  he 
would  state  how  the  speed  is  governed.  That  the  Morse 
duplex  will  remain  a  standard  type  of  circuit  seems  to  be 
the  author's  opinion.  I  cannot  quite  agree  with  him  here. 
As  printing-telegraph  networks  develop,  the  single-channel 
low-speed  printer  adapted  to  be  operated  by  a  live-unit 
tape  and  also  able  to  furnish  such  tape  if  required  will,  I 
believe,  come  into  extended  use.  There  will  then  be  no 
need  for  re-transmission  in  the  case  of  x  messages.  On 
page  112  the  author  makes  some  remarks  as  to  the  re- 
organization of  traffic  circulation  in  Australia.  With  the 
general  adoption  of  a  uniform  printing-telegraph  system, 
the  arrangements  described  would  be  better  met  and  with 
advantages  to  both  the  administration  and  the  public. 
Mr  Byof  Mr.  E.  S.  BVNG  (commumtateJi  :  On  page  114  the  author 

pr'  ■'  .J  armoured  underground  cables  for  small  ex- 

cl..'.    .  ms,  and  I  should  like  to  ask  if  this  is  intended 

to  apply  l<j  all  cases  or  merely  to  specific  instances  where 
subsidence  of  the  ground  might  endanger  the  safety  of  an 
earthenware  or  fibre  ducL  A  question  of  this  description 
should  surely  be  decided  after  making  an  economical 
study  of  the  local  conditions,  for  although  it  is  true  that 
the  initial  cost  of  armouring  may  be  less  than  the  pro- 
vision of  a  duct,  yet  it  is  more  than  likely  that  a  considera- 
tion of  the  present  value  (P.V.)  costs,  s.iy  at  15  years 
hence,  would  indicate  that  the  duct  wms  the  more  econo- 
mical under  normal  conditions.  The  costs  would  lake 
account  of  the  alterations  which  may  be  necessary  to  the 
cable  after  installation,  repairs  or  replacement  of  the 
cable  in  the  event  of  bre.ikdown,  and  also  the  scrap  value 
which  could  be  realized  u|>on  its  recovery.  There  is  a 
further  point  in  favour  of  a  duct  line  which  should  not  be 
overlooked  even  for  a  small  exchange,  viz.  that  it  is  only 
n'  ide  a  cable  initially  for  the  5-year  planning 

P'  !  1^'  and  an  additional  cable  to  meet  the 

utliiiulc  <J'  ■  can  then  be  drawn  over  when  re- 

quired, rath'  '^ing  lo  lay  an  armoured  cable  at  the 

outtct  for  the  total  development  anticipated,  thus  entailing 
an  idle  investment  for  some  years,  unless,  of  course,  a 
second  armoured  cable  be  provided  at  a  later  date,  which 
would  involve  breaking  up  the  ground  again.  F'crliaps, 
however,  the  author  will  be  able  to  clear  up  this  point  in 
h:  irxj  to  phantom 

c  .; OS  in  Canada  and 

a  ■•■  extent  in  .Suiitii  Africa  ipagc  1 15),  but  appar- 

«"  r   other   colonic^   this   method   of   securing  a 

I'  '  from  two  existing  telephone  circuits  has  not 

I  '  d.    Thi»  may  be  due  to  one  of  two  causes  : 

'■■  lint  of  the  loM  in  transmiMion  introduced  by 

•  '  '  the  efficiency  of  the  existing  circuit» 

I  I  ;  or  (j)  a«  a  rc»ult  of  experiments 

DUUc  by  cc^nnctUii^  cotl*  on  to  ordinary  metallic  circuits 


which,  although  they  previously  gave  fairly  good  results,  Mr.  Byn 
yet  the  line  conditions  were  so  poor  that  upon  the  intro- 
duction of  a  phantom  circuit  all.three  circuits  were  noisy 
and   rendered  uncommercial.     In  regard  to   No.  (i),  it  is 
admitted  that  some  of   the  earlier  repeating  coils  intro- 
duced a  transmission  loss  into  the  circuit  which,  evaluated 
and  expressed  in  terms  of   standard  cable,  was  equivalent 
to  approximately  8  "  standard  miles."     For  long-distance 
circuits  this  was  a  very  serious  item  as,  in  the  case  of  300  lb. 
copper  wires,  this  was  practically  equivalent  to  increasing 
the  distance  of  the   route  by   160  miles.     Manufacturers 
very  soon   recognized  the  importance  of   an   economical 
utilization  of  all  possible  circuits  on  long-distance  routes, 
and  therefore  specialized  on  the  development  of  a  more 
efficient  repeating  coil,  with  the  result  that  a  coil  has  now 
been  put  on  the  m.vkct  by  the  Western  Electric  Company, 
designed  on  highly  scientific  grounds  so  that  when  coils  arc 
placed  at  the  two  cnd>  of  a  line  the  loss  in  transmission  is 
under  one  "  standard   mile,"  a   further   advantage   being 
that  they  permit  of  ringing  over  any  circuit  which  can  be 
used  for  satisfactory  speech  transmission.  Rcg;u-ding  No.  (2), 
it  is  now  generally  understood  that,  in  order  to  get  well- 
balanced  lines,  the  two  physical  circuits  must  have  similar 
electrical  constants,  and  in  addition  there  must  be  a  sys- 
tematic arrangement  of  these  physical  circuits  which  will 
eliminate  the  mutual  disturbances  that  give  rise  to  "  cross 
talk."     Given,  however,  that   the   insulation  resistance  is 
sufficiently  high,  it  is  possible  so  to  balance  the  lines  that 
no  overhearing  can  be  delected,  and  in  fact  the  efficiency 
of  the  third  circuit  is  even  greater  than  that  of  the  compo- 
nent side-circuits.     If  it  were  always  borne  in  mind  when 
new  routes  are  being  designed  and  erected,  that  for  each 
pair  of  telephone  circuits  installed  it  is  possible  to  obtain 
a    third    circuit   with   no   greater   cost   than   that   of   the 
repeating  coils  and  a  few  simple  transpositions,  it  would 
obviously  be  economical  to  expend  a  little  more  capital  on 
the    line    construction,   and    thus    obtain   these    efficient 
phantom  circuits,  than  to  install  .idditional  physical  circuits 
which  not  only  increase  the  initial  cost  but  also  the  annual 
costs    for    maintenance    and    depreciation.     There    is    a 
further  point  in  connection  with  these  long-distance  aerial 
routes  which  should  be  mentioned  :  apparently  in  none  of 
the  colonies  has  aerial  loading  been  attempted   with  the 
exception  of  Canada  (page  1 17),  although  the  author  states 
that  in  several  countries  its  introduction  is  now  under  con- 
•fideration.     The  general  effect  of  aerial  loading  Is  not  only 
to  incre.ise  the  distance  over  which  commercial  speech 
is  possible  but  also  that  a  smaller  gauge  of  copper  can  be 
used.     The  s;ime  grade  of  transmission  can   be  obtained 
for  a  loaded  line  as  would  be  obtained  over  the  present 
one  unloaded  if  it  were  twice  the  length.     In  other  words, 
the   transmission   length   of  a  line  is  reduced   by  about 
one-half.     This  figure  is  conser\-ative,  and  in  all  probability 
where  good  insulation  resistance  is  possible  the  improve- 
ment   Wduld     be    considerably    more.      The     insulation 
resistance  pl.iys  such  an   inipoitant   p.irl   in   the  case   of 
aerial  loading  that  in  ordci  lo  get  the  greatest  benefit  from 
the  use  of  loading  coils  special  care  must  be  taken  that  the 
insulation  of  the  line  is  maintained  at  a  high  ligure,  par- 
ticularly where  heavy-gauge  conductors  are  involved.   This 
is  a  further  argument  for  the  good  line  construction  which 
the  author  has  urged  so  frequently  in  his  paper.     In  regard 
to  the  economy  which  can  l>c  effected  in  the  weight  of 
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yng.  wire  used,  it  is  possible  by  adopting  a  suitable  system 
of  loading  to  obtain  the  same  results  by  using  250  lb. 
copper  wires  as  if  4001b.  copper  wires  were  used  unloaded, 
thus  saving  150  lb.  of  wire  per  mile.  It  will  be  seen  that 
for  a  long  route  and  with  the  price  of  metal  based  even 
on  a  normal  market,  this  would  represent  a  considerable 
economy.  As  the  result  of  the  extensive  development 
during  the  past  three  or  four  years  it  is  now  possible  to 
load  successfully  the  phantom  circuits,  thus  getting  three 
highly  efficient  loaded  circuits  from  two  pairs  of  wires. 
This  new  feature  should  prove  a  great  incentive  to  all 
those  interested  in  telephone  engineering,  especially  in 
the  colonies  where  it  is  necessary  to  connect  up  towns 
which  are  at  such  distances  apart  as  shown  in  Fig.  8  and 
where  the  climatic  conditions  are  so  favourable. 

itmau.  ^'"-  ^-  ^-  Weightm.w  {communicated  reply) :  I  wish  to 
tender  my  best  thanks  to  all  those  gentlemen  who  have 
taken  part  in  the  discussion  for  their  very  complimentary 
remarks  on  my  paper,  and  also  to  all  members  present  for 
the  cordial  reception  they  have  given  it.  I  specially  thank 
the  colonial  engineers  who  have  spoken,  for  the  hearty 
support  they  have  given  me. 

All  colonial  engineers  will  appreciate  the  excellent 
spirit  of  camaraderie  underlying  Colonel  Ogilvie's  re- 
marks. It  is  that  spirit,  actuating,  as  it  undoubtedly 
does,  the  whole  of  the  administrative  and  technical  staffs 
of  the  Imperial  Post  Office,  which  has  done  so  much  to 
maintain  the  happy  and  desirable  relations  between  the 
staffs  of  the  home  department  and  the  colonial  administra- 
tions. The  best  traditions  of  the  Post  Office  are  behind 
it,  and  long  may  it  continue. 

Mr.  Preece's  remarks  on  administration  are  much  to  the 
point.  In  the  larger  services  the  form  of  administration 
is  all  important.  Upon  it  depends  the  policy  of  the  depart- 
ment ;  and  its  attitude  towards  the  telephone  makes  for  or 
mars  development.  The  functional  system,  as  introduced 
in  South  Africa,  is  the  ideal  one  where  the  organization  is 
sufficiently  large.  In  the  smaller  services  the  position  of 
the  engineer  should  be  fully  recognized.  He  should  be 
given  that  full  place  in  the  sun  to  which  the  importance 
of  his  work  entitles  him.  The  point  brought  up  in  con- 
nection with  the  New  Zealand  totara  poles  is  most  in- 
teresting. The  charring  of  poles  not  properly  seasoned 
will  cause  decay  to  set  up  owing  to  the  sap  not  being  able 
to  find  an  outlet  through  the  charred  surface  of  the  pole, 
and  this  may  account  for  the  poles  which  were  not  charred 
standing  longer  than  those  that  were  treated. 

Mr.  McBerty's  contribution  on  the  development  of  the 
telephone  and  the  application  of  the  automatic  system  in 
Australia  and  New  Zealand  emphasizes  my  remarks  on  the 
policy  towards  the  automatic  system  in  these  countries, 
and  should  be  of  interest  to  all  telephone  administrations. 
The  paper  by  Mr.  Hesketh,  to  which  he  refers,  should 
help  to  settle  the  question  of  the  operating  costs  of  the 
automatic  as  compared  with  the  manual,  on  which  the 
information  so  far  available  has  not  been  verv  reliable. 
Sir  William  Slingo  has  raised  several  interesting  points. 
I  do  not  recommend  the  4  in.  spacing  where  snow-storms 
occur,  but  in  Natal,  where  I  adopted  it  on  telephone  dis- 
tribution lines,  very  heavy  wind-storms  are  frequent.  It  is 
the  standard  spacing  to-day  in  South  Africa  on  lines  of  this 
class.  Lieutenant  McArthur  has  already  replied  to  the 
question  as  to  the  stay  crossing  the  railway.    Any  stay 


wire  across  a  railway  was  erected  at  a  proper  height  to  Mr. 

I  ii        .      r,-  ,,        ,•  1    .  •       .     ,  1      Weighlman. 

clear  the  traffic  on  the  line  and  terminated  on  a  pole. 
Poles  alongside  a  railway  were  as  far  as  possible  planted 
so  that  they  would  not  foul  the  track  in  the  event  of  their 
coming  down  accidentally.  What  Sir  William  says  about 
administration  is  quite  true.  Unfortunately,  it  is  not  always 
easy  for  an  engineer  to  convince  the  higher  powers  that  the 
stage  has  been  reached  where  greater  specializ.ation  should 
be  introduced.  The  amount  stated  by  Sir  William  as  the 
value  of  his  reserve  stock,  which  is  based  on  one  year's 
consumption,  viz.  ;£2,ooo,ooo,  is  staggering.  This  state- 
ment should  be  helpful  to  those  colonial  administrations 
which  are  now  considering  the  establishment  of  reserve 
stores,  and  also  to  those  who  have  so  far  not  been  able 
to  induce  their  Governments  to  provide  the  necessary  funds 
for  the  purpose.  Sir  William's  reference  to  the  factor  of 
safety  of  4  which  I  have  suggested  for  iron  poles,  is  no 
doubt  prompted  by  recollections  of  the  terrific  amount  of 
damage  which  his  lines  suffered  in  the  blizzard  last  March. 
A  factor  of  safety  of  4  would  obviously  not  be  sufficient  in 
these  circumstances,  but  I  know  of  no  country  where  poles 
of  the  character  I  have  referred  to  are  used,  where  con- 
ditions even  approaching  those  of  the  blizzard  are  ever 
likely  to  occur.  It  would  have  been  helpful  if  Sir  William 
had  given  us  a  resume  of  the  conclusions  of  his  department 
on  this  subject.  It  is  noteworthy  that  the  superintending 
engineer  of  the  North  Midland  district  (Mr.  A.  Watts)  in  a 
paper  on  the  breakdown  in  his  district,  on  page  235  of  the 
October  issue  of  the  Poil  Office  Electrical  Engineers'  Journal, 
states  :  "  In  future  designs  the  calculation  of  the  factor 
of  safety  should  be  made  on  the  assumption  that  every 
wire  is  surrounded  with  a  J  in.  coating  of  ice,  i.e.  a  total 
diameter  of  i  in.  plus  the  diameter  of  the  wire.  The  wind 
pressure  would  be  calculated  as  at  present,  but  the  factor 
of  safety  would  then  be  reduced  to  two  by  suitable  span 
adjustments."  This  practically  agrees  with  the  factor  of 
safety  of  two  suggested  by  me  for  countries  where  snow 
and  ice  on  the  wires  are  unknown.  In  India  the  working 
load  of  the  Hamilton  pole  formerly  allowed  a  factor  of 
safety  of  1-46,  with  an  allowance  of  25  lb.  per  square  foot 
for  wind  pressure.  More  recently  different  wind  pressures 
have  been  fixed  for  different  localities,  the  average  for 
32  places  being  14-25  lb.  with  the  factor  of  safety  the 
same  as  before.  The  difficulty  of  making  a  satisfactory 
hollow  reinforced-concrete  pole  without  the  aid  of 
mechanical  processes  would,  no  doubt,  be  in  the  way  of 
its  adoption  in  New  Zealand.  The  solid  poles  are  made 
in  moulds  and  in  the  vicinity  of  the  line.  One  firm  in 
England  makes  hollow  poles  of  about  one-third  the  weight 
of  solid  poles  of  equal  strength.  The  reinforced  concrete 
is  consolidated  under  heavy  pressure  by  an  automatic 
process,  and  it  would  only  be  by  some  such  process  that 
hollow  poles  could  be  relied  upon. 

In  reply  to  Mr.  Walker,  aluminium  wire  is  not  used  at 
all  for  either  telegraph  or  telephone  lines  in  any  of  the 
dominions  or  colonies.  It  is  used  to  a  considerable  extent 
in  different  parts  of  the  world  for  power-transmission 
lines.  Its  cost,  as  a  rule,  would  be  higher  than  copper 
for  the  same  conductivity,  and,  moreover,  its  larger  area 
for  wind  pressure,  and  the  difficulty  it  presents  for  soldered 
joints  are  against  it  for  telegraph  and  telephone  lines. 
On  long-distance  telephone  circuits,  one  or  the  other  of 
the  standard  methods  of  spacing  the  wires  must  be  adopted 
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Mr.  to  prevent  inductive  interference.     In  my  own  experience 

I  have  found  that  where  telephone  circuits  arc  carried  on 
the  same  poles  as  telegraph  circuits,  and  especially  where 
the  latter  arc  worked  with  high-speed  apparatus,  or 
where  vibrators  or  phonopore  buzzers  have  been  super- 
imposed on  the  telegraph  circuits,  the  twist  method  has 
l»ccn  the  most  cflficacious  in  ehminating  inductive  effects 
in  the  telephone  circuits.  Of  all  instruments  that  give 
rise  to  trouble  in  telephones,  the  buzzer  is  the  most 
pernicious,  and  it  is  to  be  avoided  on  lines  carrying  long- 
distance telephone  circuits.  Where  there  arc  no  telegraph 
or  other  disturbing  circuits  on  the  same  poles  the  trans- 
position system  is  quite  satisfactory,  and  from  the 
constructional  point  of  view  is  preferable  to  the  twist. 
On  exchange  distribution  open  wires  may  be  run  straight, 
and  without  crosses,  for  considerable  distances,  especially 
in  a  dry  atmosphere,  and  in  this  case  it  is  an  advantage  to 
keep  the  two  wires  of  the  pair  as  close  together  as  is  prac- 
ticable, with  as  wide  a  space  as  possible  between  the  pairs. 
The  spacing  on  the  12-wire  arm  shown  in  Fig.  4  of  the 
paper  illustrates  this  method.  Mr.  Walker's  explanation 
of  the  use  of  heavy-gauge  iron  wire  in  some  of  the  colonics 
is  interesting.  I  have  alw.iys  thought  it  a  survival  of  tlic 
old  days  when  a  N'o.  4  iron  wire  was  regarded  as  the 
idea]  for  a  long-distance  telegraph  circuit. 

Mr.  Moir  has  brought  up  one  of  the  most  important 
questions  of  the  evening,  that  of  the  air-space  versus  the 
boiled-out  joint.  Mr.  Kennedy  refers  to  the  same  question 
and  this  reply  will  cover  the  points  raised  by  both.  My 
reference  to  it  has  been  correctly  interpreted  by  both. 
Personally  I  do  not  see  any  practical  difference  between 
the  boiled-out  and  the  solid  joints,  in  so  far  that  neither 
allows  the  free  circulation  of  air.  Of  the  two,  the  boiled- 
out  joint  is  perhaps  the  more  solid,  and  certainly  the  more 
reliable,  as  in  making  the  solid  joint,  unless  very  great  care 
is  taken,  there  is  a  risk  of  the  compound  not  penetrating 
right  into  the  heart  of  the  joint  even  when  it  is  forced  in 
under  pressure.  Much  of  the  low  insulation  trouble  on 
cables  with  air-space  joints  undoubtedly  occurs  at  the 
joints,  and  with  the  boiled-out  joint  the  possibility  of 
trouble  is  reduced  to  a  minimum.  A  brcikdown  at  a  joint 
is  a  very  rare  occurrence  indeed,  and  the  joint  is  found  to 
be  so  reliable  that  no  desiccating  plant  whatever  is  provided 
or  required.  Mr.  Moir  appears  to  dislike  the  risks  in  con- 
nection with  the  handling  of  the  boiling  wax  in  the  streets 
and  manholes,  but  if  this  cm  be  done  with  safety  in  America 
'i|  here?  Why  not  send  a  small  Com- 
i  to  study  and  report  on  the  matter  ? 
.ii(s  on  lliis  vubjecl  are  most  useful  and  the 
'  J  no  doubt  result  in  the  question  being  very 

closely  looked  into  throughout  the  colonies.  Apart  from 
the  great  advantage  of  freedom  from  m.iintcnancc  trouble, 
the  boilcd-oiit  joint  i»  undoubtedly  the  more  economic.1l 
'  '        '   "      "  ■  '     '    !  the  capital  cost,  but 

•  sis  of  dry  air  plant. 
Ml,  Li  liiiillv   icuJ   the  paper  very  cur- 
*"rilv     '1                           ,  r  plant  at  a  telephone  exchange 
It.     My  point,  which  I  take  it  is 
■  ■,  i>  that  the  difference  of  training 
(or  the  tv                          i\  the  degree  of  itpccializalion  re- 
quired in ,.     ,..  ,,  ih.it  it  \s  a  mistake  for  adminiMra- 

lion»  lo  expect  Ihcir  telegraph  and  telephone  engineer*  to 
be  expert*  al»o  on  the  lighting  »idc.    In  such  a  case  the 


probability  is  that  the  engineer  will  not  be  really  expert  on  Mr. 
cither.  I  do  not  s-iy  that  "  complaints  from  weak  signals  "='8''"" 
(from  a  secondary  battery)  are  not  often  received,"  but 
"there  are  no  complaints  of  weak  signals."  In  no  other 
statement  that  I  have  seen  h.is  the  case  for  sccond.iry 
batteries  for  telegraph  working  been  put  in  stronger  terms 
than  by  myself  in  the  paragraph  he  alludes  to. 

Mr.  Monckton's  account  of  the  conditions  in  far  away 
Fiji  is  most  interesting,  and  I  feel  that  it  was  distinctly  to 
tlie  advantage  of  the  meeting  that  he  was  able  to  be 
present.  His  anxieties  arc  many  and  varied,  and  not  the 
least  of  them,  I  dare  say,  is  the  flying  about  of  the  sheets  of 
galvanized  iron  during  hurricanes.  He  refers  to  the 
question  of  standardization,  a  most  important  one,  and 
one  which  I  will  deal  with  more  fully  later. 

In  reply  to  Mr.  .\itken,  the  b.irrcl  insulator  is  correctly 
shown  as  in  use  in  AustiMlia.  The  insulator  with  two  side  ' 
knobs  for  the  two  wires  of  a  circuit  should  only  be  used 
in  sheltered  situations.  Where  it  is  exposed  to  dampness 
it  is  .iltogethcr  opposed  to  the  principle  of  high  insulation 
which  is  .aimed  at  in  a  high-grade  double-shed  insulator, 
and  in  the  pot-head  of  a  le.ading-in  insulator.  I  am  not 
familiar  with  Mr.  Aitkcn's  ring-through  system,  and  I  am 
not  aware  th.it  it  has  been  introduced  anywlicrc.  I  can, 
however,  speak  with  long  experience  of  the  satisfactory 
working  on  small  exchanges  of  the  system  described  in  the 
paper.      I    mentioned    the   train-despatching    services  in 

[  Canada  in  connection  with  the  railway  telegraph  organi- 
zations there,  but  the  scope  of  the  paper  did  not  permit 
of  the  subject  being  dealt  with. 

In  answer  to  Mr.  Clill,  the  trouble  at  Port  of  Spain  is 
the  low  insulation  of  the  open  lines,  due  to  contact 
with  veget.ition.  The  remedy,  it  may  he  said,  is  better 
maintenance  (not  alw.-iys  easy  of  accomplishment  in  these 
countries),  or  covered  distribution.  The  exchange  is, 
however,  a  small  one,  and  its  trunk  network  is  also  small. 
The  manager's  opinion  is  that  the  magneto  system  would 
have  met  the  local  requirements  better  than  central 
battery,  and  he  is  no  doubt  rii^ht.  To  keep  up  the  insula- 
tion and  to  prevent  the  deterioration  of  the  exchange 
cables  and  equipment  which  will  otherwise  take  place 
where  circuits  are  continuously  under  electrical  pressure, 

,   electric   radiators  have  to  be  regul.irly  used,  and  this   is 

I  necessary  at  most  exchanges  in  the  hot  and  humid  places 
of  the  tropics.  With  the  m.igneto  system  the  effects  of 
dampness  are  nothing  like  so  troublesome,  and  satisfactory 
working  is  possible  without  those  extreme  measures  of 
precaution  which  are  so  essenti.1l  with  the  central  b.ittery. 
It  is  therefore,  in  my  opinion,  advisable  in  the  case  of  a 
damp  tropical  place  to  consider  well  the  conditions  and 
the  probable  development  before  deciding  upon  a  central 
battery.  If  the  development  is  not  likely  to  go  beyond, 
say,  t,soo  to  3,000  lines  within  a  reasonable  number  of 
years,  then  I  would  advocate  the  magneto.  If  the  prob- 
able development  w.ui.iiits  a  central  battery  the  best 
materials  should  be  selected,  coils  should  preferably  be 
made  moisture  proof,  and  a  means  of  drying  out  regularly 
at  the  exchange  slioiild  be  ptovided  and  used  (rom  the 
out.ict.  II  is  a  mistake  lo  wail  till  trouble  begins  lo  show 
itself,  as  il  otherwise  certainly  will  do.  I  have  a  recol- 
lection that  ccrt.iin    exchanges    in    the    Philippines,  and 

*  notably  one  at  Manilla,  were  not  long  ago  converted  from 
central  battery  to  magneto  owing  to  trouble  of  this  nature, 
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In  one  case  a  special  plant  was  installed  for  forcing  dry 
warm  air  through  the  floor  of  the  exchange,  but  it  was 
not  successful  in  removing  the  trouble.  One  other  point 
is  that  if  a  place  is  really  suitable  for  a  central  batterj'  at 
all,  it  is  probably  suitable  for  the  automatic  system.  Mr. 
Gill  says  with  regard  to  the  case  he  had  in  mind  that  he 
thinks  he  knows  where  the  trouble  is  and  how  to  get  over 
it.  It  would  have  been  instructive  if  he  had  given  us  some 
information  on  these  points. 

Mr.  Gill's  complaint  that  the  paper  does  not  deal  suffi- 
ciently with  economic  questions  is  rather  ungenerous  in 
view  of  the  length  of  the  paper  and  of  mj'  explanation 
in  the  first  paragraph  thereof.  The  paper  had  to  be 
curtailed  by  a  third  of  its  original  length,  and  com- 
plete sections,  some  dealing  with  economic  questions, 
were  cut  out.  My  reference  to  70  lb.  copper  is  more 
particularly  a  comparison  between  this  and  40  lb.  bronze, 
which  is  very  largely  used  for  distribution  purposes 
throughout  the  dominions  and  colonies.  His  own  figures, 
which  I  thank  him  for,  bear  out  my  contention.  While 
the  cost  of  the  70  lb.  copper  is  only  22'6  per  cent 
higher  than  the  45  lb.  bronze,  the  speaking  efficiency 
is  I7i'4  per  cent  better.  As  to  the  use  of  iron 
wire  on  exchange  distribution,  I  quite  agree  that  in  the 
designing  of  an  entirely  new  system  of  local  exchanges, 
with  junction  and  trunk  circuits,  the  speaking  value  of 
every  part  can  be  predetermined,  and  iron  wire  can 
perhaps  be  given  its  allotted  place  provided  the  atmo- 
spheric conditions  are  suitable.  But  in  actual  practice, 
and  in  the  countries  I  had  in  mind,  this  is  not  the  case  at 
all.  In  Natal  in  my  own  time,  practically  every  town  and 
hamlet  was  connected  through  the  trunk  system  on 
circuits  which  were  nearly  all  arranged  on  wires 
converted  from  telegraph  purposes  to  the  use  of  the 
telephone  system.  The  main  trunk  circuits  between 
Durban  and  Johannesburg  were  arranged  in  this  way. 
This  is  typical  to  a  great  extent  of  the  method  of  building 
up  telephone  systems  in  the  colonies.  The  local  exchange 
areas  are  unavoidably  large  and  scattered.  Many 
subscribers'  lines  will  be  a  good  many  miles  in  length,  and 
even  vi-ith  copper  lines  they  will  be  over  1,000  ohms.  The 
speaking  limits  over  the  trunk  network  are  a  fi.xed  quantity 
in  miles  of  standard  cable,  and  the  deciding  factor  in  the 
bringing  of  a  local  exchange  on  to  the  trunk  system,  or 
the  distance  over  the  trunk  system  it  will  be  able  to 
communicate,  will  be  the  speech  efficiency  of  that 
exchange,  and  the  character  of  the  distribution  lines  may 
be  the  determining  factor  in  the  matter.  In  such 
conditions  I  contend  that  the  70  lb.  copper  is  the  most 
advantageous  to  use.  It  may  be  argued  that  iron  wire 
should  be  used  on  the  shorter  lines.  Iron  and  copper 
could  not  be  erected  together  on  the  same  poles,  and  in 
anj-  case  the  mixture  of  conductors  would  be  bad  for 
maintenance,  especially  with  native  workmen,  who 
would  not  difterentiate  between  copper  and  iron  in  carry- 
ing out  repairs.  Moreover,  the  better  efficiency  of  the 
copper  wires  on  the  short  circuits  would  be  all  to  the 
advantage  of  the  subscribers  in  their  long-distance  con- 
versations, and  especially  so  where  they  are  verging  on 
the  extreme  speaking  limits  of  the  sj'stem.  On  a  purely 
local  exchange  there  is,  of  course,  nothing  .against  the  use 
of  iron  wire  provided  the  local  conditions  are  suitable.  In 
a  humid  climate,  or  in  a  smoky  locality  or  near  the  sea,  the 


galvanizing  does  not  stand  long  and  it  is  therefore  not  Mr. 
economical  to  use  it  in  such  conditions.  The  open  dis-  '^^"Shtman 
tribution  at  Shanghai  is  all  iron.  Again,  on  telephone 
lines  that  are  never  likely  to  go  through  to  a  trunk  net- 
work, there  is  also  room  for  it.  I,  however,  have  a  number 
of  iron-wire  circuits  in  mind  which  were  erected  before 
the  trunk  system  was  thought  of,  but  the  speech  efficiency 
was  so  low  that  the)'  could  not  be  connected  through  to 
any  distance  on  the  trunks. 

I  note  Major  Booth's  remarks  as  to  the  motor  dis- 
tributor. At  the  time  that  part  of  my  paper  was  written 
I  was  told  the  Post  Office  had  not  introduced  the  motor 
drive  for  the  distributor.  Another  difference  is  that  the 
Ceylon  receivers,  as  well  as  the  distributors,  are  driven 
by  direct  worm  gearing,  as  against  the  Post  Office  belt 
drive.  Major  Booth's  comments  on  the  multiplex  systems 
will  carry  all  the  weight  which  his  great  experience  with 
these  systems  entitles  them  to.  I  am  not  quite  certain 
that  it  is  intended  to  substitute  the  multiplex  for  the 
Creed  on  the  Perth-Adelaide  line,  but  if  the  line  condi- 
tions are  suitable  for  the  Creed,  as  appears  to  be  the 
case,  although  the  working  speed  is  not  stated,  there  is 
no  reason  why  the  multiplex  should  not  do  equally  well, 
or  even  better.  Major  Booth's  opinion  that  it  will  be 
an  unqualified  success  on  this  line  will  be  encouraging  to 
Mr.  Hcsketh. 

I  am  glad  to  find  that  Mr.  Pendry's  views,  after  his 
experience  in  Ceylon,  are  in  accord  with  my  own  on  so 
many  points.  Much  credit  is  due  to  him  for  the  excellent 
results  he  obtained  from  the  Baudot  plant  he  installed 
at  Colombo  on  the  800-mile  line  to  Madras,  and  especially 
for  his  success  in  duplexing  the  circuit. 

Manufacturers  will  feel  indebted  to  Mr.  Mansbridge 
for  his  defence  of  them.  My  remark,  in  view  of  the 
coming  "War  after  the  War,"  was  intended  to  be  just 
the  light  touch  of  the  spur  to  the  spirited  steed.  I  am 
not  sure  if  all  British  manufacturers  realize  how  the 
dominions  and  colonies  have  tried  to  help  them  in  the 
past.  To  give  only  one  instance.  South  Africa  allows  a 
rebate  through  the  Customs  on  all  goods  of  British 
manufacture,  the  object  being  to  help  the  industries  of 
the  Homeland  against  German  competition,  and  mainly 
because  the  people  have  realized  that  every  pennj'  spent 
in  Germany  was  a  contribution  to  the  making  of  a  rifle 
or  the  building  of  a  warship  with  which  to  fight  us 
sooner  or  later.  What  is  going  to  happen  after  the  War 
when  the  menace  of  Prussian  militarism  has  been 
destroyed  and  when  the  bitterness  of  it  all  has  subsided  ? 
It  is  a  big  question,  and  it  behoves  our  great  captains 
of  industry  to  be  fully  alive  to  it.  There  will  be  no 
room  for  slackness,  or  dilatoriness  in  the  future.  I  quite 
agree  that  the  larger  motor  on  the  Wheatstone  trans- 
mitter is  a  makeshift  arrangement,  but  it  is  perhaps  the 
best  that  can  be  done  until  after  the  War.  The  most 
satisfactory  motor-transmitter  set  for  the  Creed  is  no 
doubt  the  Great  Northern  Companj''s  set,  but  it  is  larger 
than  the  Post  Office  set,  and  it  does  not  fit  in  with 
standard  instrument-table  arrangements.  I  do  not  agree 
that  the  paper-foil  condenser  is  suitable  for  the  purpose  of 
a  lightning  discharger;  besides,  my  contention  is  that  witli 
a  proper  discharger  outside  there  is  no  need  for  protection 
inside.  I  refer  further  to  this  point  in  my  reply  to 
Lieutenant  McArthur. 
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The  moral  in  Nfr.  Kingsbur>-'s  remarks,  it  appears  to 
mc,  is  standardization  ;  standardir-ation  of  plant  and  of 
method,  and  there  is  nothing  I  would  better  like  to  see 
as  a  result  of  my  paper  than  tiiat  an  effort  at  general 
standardixation  should  be  made,  so  far  as  the  Crown 
Colonies  are  concerned,  at  any  rate.  Several  speakers 
have  referred  to  it  and  there  is  no  practical  difficulty  in 
the   way.     Mr.   M  •   has   mentioned  the   ordering 

of   things  of  a   y  .  :icring   very   slightly  from   the 

Post  Ofhcc  standard.  Has  is  quite  true.  It  is,  however, 
wrong ;  it  hampers  the  manufacturers  and  increases 
the  cost  to  the  colony,  and  no  real  advantage  results 
anywhere.  The  one  and  only  obstacle  is  that  due  to 
the  personal  preferences  and  prejudices  of  the  individual 
engineer. 

Mr.  Williams  refers  to  submarine  cables  across  harbours. 
I  could  not  deal  with  this  subject  owing  to  the  length 
of  my  paper.  It  is,  however,  usual  to  indicate  the  posi- 
tions of  cables  across  harbours  by  means  of  conspicuously 
placed  signboards  or  plates,  and  also  by  buoys.  In  fast- 
running  tidal  channels,  where  vessels  may  have  to  drop 
anchor  suddenly  anywhere,  it  is  .idvisable  to  dredge  a 
trench  in  which  to  lay  the  cables.  In  the  case  of  an 
open  anchorage  it  is  necessary  to  keep  the  cable  quite 
clear  of  the  anchorage,  even  if  this  should  mean  making 
the  cable  longer,  or  er^ting  a  length  of  land  hne  to 
connect  with  it. 

I  am  specially  pleased  that  Lieutenant  Mc.-Vrthur,  one 
of  my  old  colleagues  in  South  Africa,  has  been  able  to  take 
part  in  the  discussion,  and  I  cordially  thank  him  for  the 
support  he  has  given  me.  It  is  noteworthy  that  the 
present  practice  in  South  Africa  is  to  use  central  battery 
for  exchanges  with  over  loo  subscribers.  Regarding 
lightning  dischargers,  I  am  convinced  that  in  a  bad 
lightning  countn,-,  the  principle  of  placing  a  lightning  dis- 
charger inside  a  building  is  wrong.  Lightning  should  be 
given  an  adequate  means  of  discharge  outside,  with  the 
earth  as  direct  and  as  good  as  it  can  be  made.  The 
earthing  device  found  in  use  in  German  South-West  Africa 
IS  also  wrong  in  principle,  as  it  involves  closing  down  the 
circuit  during  lightning  storms.  This  practice  is  followed 
in  some  o(  the  Crown  Colonics,  especially  on  railway 
signalling  circ!;it<,  but  it  is  a  costly  procedure,  inasmuch 
as  it  di-  tlie  traffic  and  causes  delays  to  trains, 

with  all  :  .^   unt  expense  in  train-men's  time,  engine 

fuel,  etc.  With  proper  lightning  dischargers  placed  out- 
side the  building  there  is  no  necessity  to  earth  the  lines 
during  storms. 

I  am  much  obliged  to  Mr.  Newlands  for  giving  us  the 
hcnrfil  of   tii<.   great    rxprricnce   in   the   piactical  workmg 
■    'ns  of   the   present-day  com- 
.   lines  of  the  I'ost  Oft'ico.     For 
ord:  ic  telegrams  he  speaks  with  great  clearness 

of  :  I  ,  of  the  multiplex  over  the  Wlicalstone, 

an<!  mmeiids  the  Haudot  system.    Me  speaks 

of  (  !';-!rr    vvtems  as  requiring  far  too  frc- 

quc'  .illcd   mechanic*.      I   hold   no 

n  as  to  the  suc- 
:ini  ill  AmcMc.i. 


is  nuiintained  on  eacli  channel.     The  keyboard  operators  Mr. 
quite  easily  keep  up  with  this  speed  for  long  periods,  and     '* 
they   have   no  difficulty  in  increasing  it   to  50  words  a 
minute  when  occasion  demands  it.    The  regular  speed  of 
the   iiaudot   is  30  words  a  minute,  so  that  for  the  same 
staff  the  Western   Electric  shows  a   normal  50  per  cent 
superiority.     The  working  speed  of  the  Murray  is  similar 
to  that  of  the  Western  KIcctric.     Mr.  Newlands  sounds 
the  death  knell  of  the  Whealstone  for  commercial  work. 
altliough   he  still  gives  it  a  pKice  of  usefulness  in  cases  of 
breakdown,  and  also  for  Press  work.     But  even  for  these 
purposes  I  am  inclined  to  think  the  value  of  the  Wheat- 
stone  may  be  overrated,  in  view  of  the  great  efficiency  of 
the   Western    Electric   and   the   Murr-iy   systems.      With 
either  of  these  in  use  there  would  be  no  thought  of  intro- 
ducing the  Whcatstone  as  a  standby  for  breakdowns,  .ind  I 
assume  Mr.   Newlands  only  refers  to  the  Whcatstone  in  ■ 
this   connection    because    of    the    fact    that   Whcatstone 
apparatus  is  already  installed  and  available  in  practically 
every  important  office  in  this  country.    There  may  still  be 
a  sphere  for  it  for  public  telegrams  where  long  distances 
separate  the  principal   centres,  as  in  South   Africa,   and 
where,  owing  to  a  paucity  of  wires,  there  may  be  serious 
del.iy  in  making  good  a  busy  line  in  the  event  of  its  break- 
ing down.     Here  the  Whcatstone  has  the  advantage  that 
during  the  breakdown  the  work  can  be  punched  up,  and, 
on  the  line  being  restored,  run  through  to  an  ordinary 
Whcatstone  receiver  at  the  highest  speed  the  line  condi- 
tions will  permit.     Where  Creed  apparatus  is  used  with 
the    Whcatstone,  this  advantage,  as  comp.ired  with  the 
multiplex,  disappears  at  once,  as,  with   the  latter,  more 
words    per    minute    can    be   got   through   on   any   given 
line.     On  the  other  hand,  serious  delay  in  restoring  a  line 
is  the  exceptional  thing,  and  the   system   to  be   adopted 
should   not   be   considered  from    this   point   of   view.     It 
should  be  the  one  which   will  give  the  most  sati>f.ictory 
results  from  the  point  of  view  of  l>oth  speed  and  economy 
under  evervday  working  conditions.      Where  there   is   a 
considerable  telegraph  network,  and  alternative  routes  are 
readily  available,  it  will  only  be  in  the  case  of  a  bieakdown 
of  exceptional  magnitude,  as  during  the  blizzard  of  March 
1.1st  in   England,    that  there  is  likely  to  Ix;  any  delay  in 
making   good   an    important    circuit.      This   being   so,  it 
appears  to  me  that  with  the  multiplex  in  use,  the  Wheat- 
stone   could    be   dispensed    with   altogether.      For    Press 
work    also   I    believe   the    days  of   the   Whcatstone    arc 
numbered.     This  view   may  not   find  acceptance  at  the 
Post  Office,  where  the  system  of  Press  distribution,  un- 
equalled anywhere  in  the  world,  has  been  built  up  on  the 
Whcatstone  method  of  transmission.     The  system  is,  how- 
ever, admittedly  a  costly  one,  although  no  doubt  the  best 
tliat  has  been  available  in  the  past.     Hut  those  features  of 
the   multiplex  which  have  made  it  so  gre.it  a  success  for 
commercial  telegrams   are   .ipplicable  with   even   greater 
force  to  Press  work,  where  the  sime  services  could  be 
sent  over  the  same  wire  simultaneously  to  a  great  many 
different   newspaper    offices,    and    it    requires    no    great 
amount  of  prophetic  instinct  to  forecast  the  .tdoption  of 
tins  system  for  this  work.     With  the  gieat  flexibility  which 
the  multiple  channels  of  the  multiplex  afford,  with  its  re- 
pcrfiiraling  .adjunct   at  centres,  and  Willi  the  latter   con- 
1  (liictllv  to  type-printing  receivtis  111  the  newspaper 
-Ui.t.:,  It  contains  all  tlie  clement^  of  the  ideal  (ystcin  for 
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Press  dibtributioii,  and  the  one  which  can  be  worked  with 
htnian.  ^j^^  minimum  of  delay  and  cost  of  operation. 

In  reply  to  Mr,  Harrison,  I  have  not  details  at  the 
moment  of  the  method  of  governing  the  speed  of  the 
distributor,  but  I  will  obtain  these  and  let  him  have  them 
personally.  I  hope  Mr.  HesUeth  and  the  officers  of  the 
Commonwealth  Administration  will  note  Mr.  Harrison's 
remarks  as  to  .■American  pattern  apparatus,  and  with  the 
other  dominions  and  colonies  keep  before  theni  the  great 
ideal  of  common  British  standards  throughout  the  f^mpire. 
I  trust  Mr.  Harrison's  views  as  to  the  development  of  type- 
printing  networks  will  be  realized.  It  is  the  ideal  of  the 
press-the-button  system  advocated  by  Mr.  Donald  Murray. 
But  from  what  I  have  seen  personally  of  type-printing 
instruments  I  feel  that  they  are  so  delicately  constructed 
that  they  cannot  be  used  at  too  great  a  distance  from  a 
skilled  attendant  or  mechanician,  or  where  a  supply  of 
current  is  not  available.  It  therefore  appears  to  me  that 
they  will  only  come  into  gencr.il  use  for  heavy-traffic  lines, 
and  here  the  traftic  will  of  course  justify  the  cost  of  the 
special  attendant. 

In  reply  to  Mr.  Byng,  I  expressed  the  preference  for 
underground  armoured  cable  as  against  aerial  cable  for 
distribution  on  small  e.xchanges.  To  what  extent  I  would 
use  armoured  would  depend  entireh'  upon  the  probable 
development,  but  the  probability  is  that  it  would  not  be 
economical  to  use  it  beyond  a  single  cable  in  any  direction. 
With  any  promise  of  development,  ducts  would  be  used.  I 
am  of  course  aware  that  aerial  dry  core  is  used  exten- 
sively in  America  and  Canada.  My  objection  to  it  is, 
firstly,  on  the  ground  of  the  heavy  stresses  it  throws  upon 
the  pole  lines  :  secondly,  on  the  ground  of  its  liability-  to 
give  trouble ;  and  thirdly,  on  the  ground  of  its  unsightly 
appearance.  I  am  not  sure  that  I  should  not  have  put  the 
•  third  objection  first,  as  I  am  in  full  sympathy  with  those 
municipal  and  local  authorities  who  insist  upon  a  proper 
regard  for  amenity  in  overhead  construction  work  in 
the  streets  and  suburbs  of  towns.  Everything  is,  in 
my  opinion,  in  favour  of  the  armoured  cable  from 
the  maintenance  point  of  view,  which,  in  the  case 
of  the  overhead  cable,  concerns  not  only  the  cable 
itself  and  its  means  of  suspension,  but  also  the  pole 
line.  While  the  initial  cost  of  the  armoured  cable  may 
be   shghtly   greater,  its   upkeep  i;    practically  nil.     Most 


of  the  administrations  in  the  colonies  that  have  used  Mr. 
aerial  cable  have  had  trouble  with  it.  I  have  referred  ""^  ""  "" 
to  this  in  my  remarks  on  New  Zealand.  South  Africa  has 
recently  had  serious  trouble.  In  all  cases  the  lead  is 
hardened  by  an  admixture  of  3  per  cent  of  tin,  but,  not- 
withstanding this,  crystallization  troubles  and  fractures 
have  occurred.  I  believe  the  trouble  is  due  mainly,  if  not 
entirely,  to  faulty  suspension.  Anything  that  is  liable  to 
become  tight  on  the  cable  will  check  the  free  vibrations  in 
the  lead,  and  where  this  occurs,  crystallization  will  be  set  up. 
I  have  mentioned  the  tarred  Marline  hanger  as  being  the 
best  in  my  opinion  for  tropical  use.  It  should,  however,  be 
used  as  a  loop,  and  not  as  a  sUp  knot.  In  South  Africa, 
the  latest  American-pattern  galvanized  ring  hanger  has 
been  tried,  but  this  has  caused  trouble.  The  edge  of 
the  ring  on  which  the  sheathing  rests  dents  ,the  sheathing, 
and  in  time  wears  it  through.  This  it  seems  to  me  is 
just  the  effect  that  might  be  expected.  This  defect  has 
only  recently  been  brought  to  my  notice,  and  I  regret 
I  have  not  had  time  to  find  out  whether  it  has  also  been 
experienced  in  Canada  or  .\merica.  In  this  connection  it 
is  worth  while  to  call  attention  to  Mr.  Welbourn's  paper* 
on  "  Transmission  Lines,"  in  which  he  describes  the  Elder 
system  of  suspension  for  lead-sheathed  cables.  Mr. 
Welbourn  informs  me  that  this  system  has  given  complete 
satisfaction.  My  remark  as  to  the  use  of  phantom 
telephone  circuits  in  South  .\frica  is  :  "  Phantom 
telephone  circuits  are  obtained  wlierever  possible."  This 
is  also  the  case  in  the  Crown  Colonies.  The  efficiency  of 
the  repeating  coil  as  used  to-day  is  given  on  page  ny. 
Mr.  Byng's  remarks  on  the  value  of  the  loading  coil,  cover 
a  feature  of  telephone  practice  not  so  far  touched  upon  in 
the  discussion,  and  they  are  of  special  interest  for  this 
reason.  Every  telephone  engineer  is  alive  to  the  value  of 
loading  coils,  and  but  for  the  War  they  would,  no  doubt, 
have  been  in  more  extensive  use  in  the  Dominions.  In 
the  tropical  colonies  the  difficulty  of  maintaining  the  high 
line  insulation  necessary  may  be  an  obstacle  to  their 
adoption  in  some  cases.  In  a  bad  lightning  country 
special  protection,  preferably  on  the  lines  of  the  Wurts 
discharger  referred  to  in  the  paper,  which  will  take 
off  discharges  without  earthing  the  wires,  should  be 
provided  as  part  of  each  coil. 

•  Joitiiml  I.E.E..  roi4.  vol.  52.  pp.  1S9  and  iqo. 
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XEWCASTLH    LOCAL    SUCTION. 

ABSTRACT   OK    LECTIRE 

By  H.  W.  Cl.uTHiKK,  Cliairman  of  the  Local  Seciion. 

{I.etliiif  ilcli:iii>l  i,\  W'-.iiiibti,  1916.) 


Mr.  Cluiliicr  ^aid  that  owing  to  the  pressure  of  the  times 
he  had  found  it  difficult  to  -^ttlc  down  to  the  preparation 
oi  an  address  up  to  the  Institiition'>  standard. 

He  paid  tribute  to  those  men  wlio  had  answered  tlic 
calls  from  the  Navy  and  Army,  but  he  said  that  the  way 
in  which  the  majority  of  those  cnj;.igcd  in  the  manufac- 
turing industry  had  to  fight  at  the  present  was  to  multiply 
their  output  and  to  develop  with  the  future  in  mind. 

As  the  perfection  of  output  is  now  so  freely  acknow- 
ledged to  be  of  national  interest,  he  thought  he  need  make 
no  excuse  for  selecting  as  a  subject  one  for  which  credit 
was  due  to  engineers  in  this  country,  viz.  "  The  Develop- 
ment of  Armour-clad  Switchgearof  the  '  Draw-out '  Type." 

The  fundamenUl  bases  for  the  design  were  :— 

(i)  The  oil-break  switch. 

(2)  The  ironclad  enclosure  of  conductors. 

(J!)  The  "  draw-out  "  principle. 

Hacli  of  these  features  was  of  early  Briti>h  i.iigiii.  lor 
instance,  he  illustrated  an  oil  switch  designed  by  Partridge 
and  used  on  cable  mains  in  1892.  another  by  Ferranti  used 
on  |Kiwer-slatioii  switchboards  in  if'*>4-5,  the  use  of  iron- 
cLid  pillar>  for  generators  by  Itiworth  a  year  or  so  earlier. 
The  "  draw-out '  principle,  or  the  easy  detachment  of 
complete  working  parts,  was  also  initiated  on  the  Ferranti 
slatc-cctl  gear.  Ten  ye.irs  afterwards,  acting  upon  the 
advice  of  the  engineers  of  the  North-East  Coast  power 
companies,  these  main  features  were  asscmbletl  on  the 
gear  called  the  "ironclad'  type,  which  includes  the 
enclosure  of  busbars  run  in  solid  with  compound  ideve- 
loptfl  about  the  .s;inic  time  by  Highfield*,  and  the  covering 
of  each  conductor  or  limb  with  armour.  t)wing  to  the 
subsequent  introduction  of  other  metals  than  iron  for  the 
casing,  for  instance  steel  for  switches  and  aluminiunt  alloys 
for  use  in  proximity  to  conductors  carrying  very  heavy 
currents,  he  prcfcrre<l  now  to  call  this  gear  "armour-clad." 


He  demonstrated  the  progress  iliat  had  been  nude  in 
the  last  decade  by  showing  designs  prepared  in  this 
country  by  several  manufacturers.  .-Ml  of  these  had  one 
common  purpose,  viz.  to  meet  thcchar.-icteristically  British 
demand  for  appar.ilus  solid  and  substantial  in  its  construc- 
tion, perhaps  more  expensive  than  some  other  forms  but 
having  the  humane  feature  of  affording  the  maximum 
protection  to  life. 

As  there  was  a  similarity  of  purpose,  so  there  was  a 
vimil.irity  in  dcsigus,  and  though  standardization  might 
be  too  ideal  to  consider  at  the  moment,  he  thought  it  w.is 
not  an  impossibility,  particularly  for  three-phase  400-  to 
1,000-volt  use. 

It  has  been  said  in  a  recently  pulilishcd  hook  tltat  iron- 
clad "  draw-out  "  gear  was  "  suitable  for  mining  and  >uh- 
stations.  but  with  control  board  requirements  of  a  central 
station  the  arrangement  no  longer  possesses  the  advantage 
of  simplicity. "  He  did  not  agree  with  this  statement.  In 
cases  where  a  control  board  is  requisite,  the  design  of  the 
control  bo.ird  presents  no  more  difficulties  with  ai moiir- 
clnd  gear  than  with  any  other  form  of  gear  ;  in  f.ict.  in 
some  instances  the  control  board  has  been  considerably 
simplified  on  account  of  the  use  of  armour-clad  gear. 

Dealing  with  larger  switchgcar,  he  thought  the  near 
future  would  decide  in  favour  of  the  use  of  armoured  prin- 
ciples for  all  si/cs  ot  plant  and  power  stations.  He  illus- 
trated examples  of  large  |H)wer  station  switchge.u-  and  s;iid 
that  the  chief  problem  was  the  necessary  strength  of  the 
enclosure  01  actual  circuit-breaking  parts  to  withstand  the 
heaviest  stresses  likely  to  occur  on  breaking  short-circuit 
currents. 

He  saw  no  limitation  to  the  use  of  annourcl.id  gear  for 
any  size  of  plant  or  for  any  voltage,  .md  there  were  no 
difliculties  which  experience  to  date  had  brought  to  light, 
wliich  are  not  equally  applicable  to  other  drms  of  switch- 
gear  construction. 


iNsrni  TioN   xoii-.. 


DKI'AKTMKNT  OF  StIKNTIKK  AND  INDI  SIKIAI. 
KKSKAKCH  lOK  (.KKAT  UKIIAIN  AND  IKKl.AND. 

A  deputation  from  the  Itoard  of  Scientific  Societies  (on 
*>hich  tlic  Institution  i»  represented  1  waited  on  Lord  Crcwc, 
then  l-ord  PrcMclciit  of  the  Louncil.  on  the  1st  December, 
n;!'',  to  iifgc  the  iinpoi lance  of  increased  grants  for 
vcicntilic  and  industrial  research. 

l-ord  Crewe  informed  the  deputation  that  thedoveiniuent 
j^,,.!  Ar.  „i,,|  to  institute,  in  place  of  the  Advisory  Coumil 
|.  I  I    and  Industiial  Xt'M'arch,  a  new  and  Mrparatc 

«.<(\<  niiiM  111  l>epailmcnl  to  l>c  presided  ovei  by  the  Cniii- 


initlee  ot  the  I'livy  Council  foi  Scientilic  Kescarch  and 
therefore  undei  the  control  of  the  President  of  the  Council. 
He  .ilso  stated  that  the  Chancellor  of  the  Kxchequer  was 
prepared  to  advise  the  (lovernntent  to  devote  a  very  large 
sum  for  purposes  of  research. 

It  has  since  been  announced  officially  that,  subject  to 
the  consent  of  P.irliameiil,  the  C.oveinmcnl  h.ive  decided 
to  pl.ice  a  laige  sum  of  money  at  the  disposid  of  the  new 
Depaitment  to  Ik  used  as  a  (mid  lor  the  loiuluct  of  re- 
search for  the  benefit  of  the  national  industries  on  a  co- 
opeiativc  basis. 
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Assessment  of  profits. 
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Conclusions. 

It  is  not  very  satisfactory  that  engineers  should  hold 
such  divergent  views  on  so  important  a  question  as 
depreciation. 

Possibly  this  is  due  to  the  subject  being  regarded  as  one 
for  the  accountant  alone,  but  in  our  view  depreciation  con- 
cerns the  engineer,  the  financier,  and  the  accountant,  and 
no  one  of  the  three  is  competent  to  settle  the  question  in 
any  particular  case,  as,  in  order  to  obtain  correct  results, 
there  must  be  co-operation  between  the  three. 

Whilst  this  is  true  in  tlie  application  of  the  principles,  it 
is  also  true  that  each  of  the  three  parties  concerned  must 
study  the  question  in  all  its  bearings,  and  it  is  just  as 
important  that  the  engineer  should  understand  the  financial 
aspect  as  it  is  for  the  otliers  to  follow  the  engineers 
methods  in  his  share  of  the  work. 

The  depreciation  component  of  cost  is  very  often  a 
dominating  one,  and  it  is  surely  illogical  to  leave  this 
matter  in  its  present  unsatisfactory  por-.ition  while  devoting 
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time  and  money  to  investigating  questions  which  have  far 
less  effect  on  the  total  cost. 

We  can  discover  no  reason  why  there  should  not  be 
general  agreement  on  this  question,  it  is  so  largely  a  ques- 
tion of  fact,  and  because  it  is  possible  to  demonstrate  the 
correctness  or  otherwise  of  any  system,  there  seems  no 
justification  for  resorting  to  mere  assertion  and  appeal  to 
authority  in  support  of  any  particular  theory. 

There  is  no  difference  of  opinion  as  to  the  importance 
of  the  subject  and  the  necessity  for  making  some  provision 
for  depreciation.  All  plant  has  a  limited  life  ;  at  the  end 
of  its  life  it  is  worth  nothing  e.xcept  the  value  of  the  material 
as  scrap,  and  it  is  clear  that,  from  the  moment  it  is  fir^t 
brought  into  use  to  the  end  of  its  life,  a  process  of 
diminution  in  value  is  going  on  continuously. 

Although  much  has  been  written  on  this  subject,  the 
only  points  on  which  all  the  writers  are  agreed  are  that : — 

(a)  The  matter  is  one  of  great  importance. 
(/')  The  term  "  depreciation "  is  loosely  employed,  and 
has  various  meanings. 

A  good  deal  of  trouble  has  been  caused  by  not  strictly 
defining  the  scope  of  the  subject  under  discussion,  and 
misunderstandings  may  be  avoided  in  the  present  instance 
if  it  is  made  clear  at  the  outset  that  by  the  term  "  deprecia- 
tion "  is  intended  to  be  covered:  (i)  Provision  for  the 
diminution  in  value  of  plant  in  place  and  working  (that  is, 
its  loss  in  value  to  the  owner  as  a  continuing  plant),  by 
reason  of  causes  outside  his  control,  such  as  age,  wear,  and 
accidents  ;  this  provision  is  hereinafter  called  "  renewals." 
(2)  Provision  to  enable  the  owner  to  take  plant  out  of 
commission  before  its  physical  life  is  exhausted  in  cases 
where,  from  either  progress  of  the  art  or  growth  of  the 
business,  it  is  economically  advisable  to  do  so  (that  is,  by 
reason  of  causes  within  his  control)  ;  this  provision  is 
hereinafter  called  "  improvements." 

It  should  be  noted  that  the  expression  "renewals"  de- 
notes provision  in  respect  of  actual  expired  capital  outlay, 
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while  the  expression  "  improvemcnU  "  denotes  provision 
I.  '.int  to  be  destroyed  while  still  valuable. 

-  further  from  our  miiid^  than  any  setting  up 
(■:  rales  of  depreciation  lor  all  plant  or  for  any 

>!.  pUnt.     There  n>u>t  always  be  differences,   in 

c  ind  It  is  unlikely  that  any  standard  rates  can 

b.  Ui  serve  all  conditions. 

While  saying  this,  however,  it  must  be  inide  plain  that 
the  principles  upon  which  deprcciatio:)  is  calculated 
remain  fixed  even  though  the  application  of  those  unvary- 
ing principles  under  diiYcrcnt  conditions  produce  varyinj^ 
results. 

We  ;  11  to  discuss  the  piinciples  which  govern 

(his  q  .  ,    .aiarily  from  the  engineer's  point  ol  view  ; 

and  it  is  iiupeJ  that  if  this  be  successfully  accomplished  it 
will  be  found  to  lead  naturally  to  the  financier  s  and  the 
accountant's  view-points  also. 

The  function  of  the  engineer  in  tliis  imtteris  to  provide 
the  information  necessary  reg.irding  the  plant,  such  as  liist 
cost,  residual  value,  and  life. 

The  function  of  the  tinancier  is  to  provide  information 
rcgirding  the  money,  the  amount  available,  the  rate  at 
which  it  can  be  borrowed,  and  the  rate  lli.it  can  be 
obtiined  for  the  loan  of  it. 

Tlie  function  of  the  accountant  is  tJ  provide;  accurate 
records  based  on  the  decisions  arrived  .it  an  i  to  see  that 
the  real  results  are  neither  disguised  nor  hidden. 

All  three  must  come  to  a  common  dcci^ion  and  each  in 
any  cilculations  he  h.is  to  make  must  work  to  it,  otherwise 
nothing  hut  chaos  can  result. 

(ienerally,  deprecialion  seems  to  have  been  regarded  as 
almost  enlirely  an  account.mts  question,  to  be  brought  into 
d  nly  when  desiring  to  ascertain  how  much  of 

tl)  ;- resulting  from  the  trading  of  an  undertaking 

may  be  appropriated  as  prolits.  Hut  depreciation  is  very 
im|K>rlant  long  before  this  sUigc  is  reached,  and  it  is 
because  of  the  great  difTerencc  in  opinion  between 
engineers  themselves,  as  well  as  between  them  and 
financiers  and  accountants,  that  this  paper  is  written,  in 
the  hope  (hat  sonic  agreement,  or  at  any  rate,  some  clear 
views  of  the  different  opinions  held,  will  emerge  from  the 
discussion. 

Dei'Rbciation  as  Afkkctixg  tmk  Dksigx  ok  Plant. 

When  preparing  a  specification  for  plant  to  achieve 
certain  definite  results,  there  is  usually  more  than  one  way 
of  arriving  at  the  desired  end,  and  skilful  judgment  in  the 

'     'in  from  among  the  alternatives  must  be  exercised. 

Ic    the    first   cost       of    :ill(;rnativc   plans   is   highly 

I  'thing  like  so  important  as 

I  .lly  the  decision  .is  to  which 

'•  '  be  made  upon  consideration  of  the 

•«  "ir, 

cape  the  duly  of  studying  these  costs  in 
''  that  the  capital  cost  and  annual  charges 

'<  in  figures;  frequently  (hc!tc  arc  mutually 

''■''■  .11..  -nrnii  liny  or  »"  ■■'  "■• 


It  may  be  advantageous  to  spend  extra  capital  to  obtaut 
low  annu.il  charges  in  reipecl  of  one  portion  of  the  plant 
and  deliberately  to  incur  high  annual  charges  by  reducing 
capital  expenditure  on  another  portion. 

Again,  it  sometimes  happens  that  even  the  annuil 
charges  of  the  whole  plant  will  not  furnish  the  desired 
criterion  since  they  are  not  the  same  for  each  year,  and  in 
those  c.iscs  they  must  of  course  be  brought  to  some 
common  timc-b.ise. 

.■Vxxi'Ai.  Ciiar>;es. 

Annual  charges  are  composed  of  four  princip.il  (>.iils  : 

( 1)  Return  on  capital  outlay,  treated  as  a  charge  Ijecausc 

no  engineer,  unless  in  special  circumstances,  is 
justified  in  putting  down  plant  which  will  not  pay  a 
return  on  its  own  capital.  Even  in  cases  where  a 
return  on  the  oull.iy  is  not  looked  for,  the  nominal 
interest  is  a  measure  of  the  burden. 

(2)  Depreciation — as  already  defined  on  page  137. 

(3)  Mainten.-ince,   the   cost  of    keeping  the  plant   in   .is 

good  condition  as  is  desirable,  but  not  of  renewing  it. 

(4)  Operation — the  cost  of  working  the  plant. 

The  first  three  enter  into  the  annual  charges  of  all 
plant,  the  fourth  does  not ;  for  example,  a  boiler  or  a 
Iramcar  requires  to  be  operated  before  it  can  perform  its 
function,  but  this  docs  not  apply  to  a  pole. 

Assume  a  situation  in  which  there  is  as  yet  no  plant 
installed  and  let  there  be  two  alternative  ways  of  achieving 
the  results  required,  A  and  B  as  below  :  — 


Alternative  A. 

Altt 

nialiic  li. 

First  Cost.     £"10,000. 

First  Cost.     £.i5,<xx> 

.\iiiiual  charges — 

£ 

£ 

Kelurn  on  capit.il 

500 

7.S0 

l)i.-preciation    ... 

(k>o 

ASo 

Maintenance 

500 

300 

Operation         

i;oo 

fwo 

tt    I'll    |il-tllt    ltr\v 


2,500  2. 100 

Annual  charges  for  A  =:  £l,y):i 
B^  £2,1011 

It  is  evident  here  that  although  alternative  li  lequires 
more  capital,  yet  it  is  worth  while  to  expend  the  greater 
sum  because  the  annual  charges  arc  less,  so  that  cither  a 
reduced  sum  can  be  asked  for  the  product,  or,  since  the 
results  achieved  are  the  same,  the  cash  for  the  product 
can  be  the  same  and  an  excess  profit  ni.ide. 

At  this  stage  it  is  desirable  to  insist  upon  the  importance 
of  the  utmost  .iccuracy  in  the  picpatation  of  the  annual 
charges.  There  is  still  a  g1c.1l  deal  to  Ih-  done  in 
accumulating  d.ita  reganling  these,  but  so  lar  as  is  possible 
they  must  be  accurately  founded.  When  it  isrcmcmbeted 
that  the  put  pose  for  which  tliey  .ire  required  is  to  enable 
the  engineer  by  their  means  to  select  plani  wisely,  and  so 
to  plan  cconoiiiically,  it  will  be  ackiiowledge<l  that  he 
must  use  his  best  cmleavours  to  arrive  at  .iiimial  cl>«rgc» 
which  aic  as  correct  in  every  possible  w.iy  as  he  can  make 
them. 

If  the  cost  of  any  plant  is  to  be  jii.lgi  .1  by  its  annual 
charges,  tlicv  must   be  the  true  annual  charges,  and  one 
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cannot  express  these  by  the  single  statement  that  they  are, 
say,  14  per  cent  per  annum  of  first  cost,  unless  either  the 
cost  is  uniform  each  year,  or  the  rate  mentioned  is  an 
equated  rate  taken  over  the  prospective  life  of  the  plant. 

With  reference  to  uniformity  :  — 

Reltirn  on  capital. —The  amount  will  be  uniform  if  the 
capital  has  not  been  written  down,  that  is,  if  the  sums  put 
aside  for  depreciation  are  kept  in  a  separate  fund  until  the 
sum  that  is  required  has  been  accumulated.  If,  on  the 
other  hand,  part  of  the  capital  is  paid  off  each  year,  the  sum 
for  return  will  decrease  each  year. 

Depreciation.— Wtrs  again,  the  amount  required  will 
vary  according  to  the  method  of  making  provision  and  to 
the  treatment  of  the  capital  account. 

Maintenance.— For  the  present,  let  it  be  assumed  that 
this  is  constant  each  year.  This  point  will  be  returned  to 
later. 

Operation. — This  is  also  taken  as  constant. 

It  is  seen  then  that  the  sums  required  for  return  on 
capital  and  depreciation  both  depend  upon  the  treatment 
of  the  capital  account  and  the  depreciation  fund  ;  in  fact, 
these  two  are  so  intimately  connected  tliat  their  costs 
cannot  be  treated  independentlj'. 

Lives,  Physical  .axd  Economic. 

For  the  purpose  of  this  paper  there  are  two  lives  which 
must  be  defined  : — 

{a)  Physical  Life,  that  is,  the  period  during  which  the 
plant  would  continue  to  perform  satisfactorily  the 
service  to  which  it  is  adapted,  if  allowed  to  do 
so,  but  subject  to  all  causes  outside  the  control 
of  the  owner,  such  as  wear  and  tear  or  accidents. 

(/')  Economic  Life,  that  is,  the  period  of  physical  life 
shortened  by  causes  witliin  the  owner's  control, 
such  as  desire  for  economy,  improvement  of 
service,  the  taking  out  of  plant  because  a  greater 
capacity  is  required. 

It  is  necessary  to  distinguish  quite  clearly  between  these 
two.  The  physical  life  affects  the  amount  to  be  put 
aside  each  year  for  renewals,  and  since  by  definition  the 
plant  can  perform  its  service  satisfactorily  during  the 
whole  time,  there  is  no  compulsion  to  renew  before 
the  conclusion  of  the  physical  life. 

The  renewals  fund  thus  ensures  that  the  money  invested 
in  plant  is  always  represented  by  the  assets,  provided  that 
none  of  it  is  voluntarily  destioyed. 

In  the  conduct  of  a  business,  however,  it  is  often  desir- 
able, in  the  interests  of  shareholders  and  consumers  alike, 
to  take  plant  out  of  commission  before  the  end  of  its 
phvsical  life,  either  because  more  economical  plant  is 
available  or  because  it  is  no  longer  capable  of  meeting 
new  developments  of  the  business. 

Since  the  main  cause  for  these  changes  is  economy,  it 
may  be  argued  that  the  cost  of  making  them  should  be 
defrayed  by  new  capital  ;  but  this  is  not  always  available, 
and  if  this  course  were  adopted  the  new  capital  would  not 
be  represented  by  assets  until  the  new  plant  had  earned 
enough  extra  profit  to  pay  for  the  wastage. 

In  order  that  the  owner  of  the  plant  may  be  always  in  a 
position  to  take  advantage  of  developments  and  still  be  in 
a  sound  position,  it  is  necessary  to  have  a  special  fund 


available  for  the  purpose,  and   such  a  fund  is  referred  to 
in  this  paper  as  the  improvements  fund. 

As  such  a  fund  is  necessary  for  the  successful  conduct 
and  progress  of  the  business,  the  annual  contributions  are, 
j   in  a  continuing    business,   part   of    the    annual    charges 
I   against  the  plant. 

The  distinction  between  the  renewals  fund  and  the 
improvements  fund  must  constantly  be  borne  in  mind. 

The    charges  to   the    renewals    fund    represent   actual 

expired  capital  outlay  each  year,  and  consequently  are  the 

measure  of  the   diminution  of  the   value  of  the  plant   in 

place  considered  as  a  structure,  whilst  the  improvements 

fund  enables  plant  to  be  superseded  before  its  physical 

life  is  ended,  and  ensures  that  when  this  is  done  the  value 

of  the  assets  shall  always  represent  the  invested  capital. 

I       In  a  cl  ange  of  ownership  where  it  is  a  condition  that 

I    the  purchaser  should  take  over  the  plant  as  a  structure, 

I    and  the  valuation  is  to  be  on  the  basis  of  phj'sical  life,  any 

,    balance  which  stands  to  the  credit  of  the  improvements 

'    fund  represents  a  reserve  out  of  profits  which  has  not  been 

required  and  belongs  to  the  seller,  but  if  the  business  is 

purchased  as  a  going  concern,  the  desirability  of  super- 

!    seding  plant  in  the  near  future  may  be  one  of  the  factors 

1    determining  the  price,  in  which  case  it  will  be  necessary 

to  bring  the  improvements  fund  into  account. 

MErHOD  OK  Arriving  .^t  Provision"  for  Renewals 
AND  Improvements. 

Looking  first  at  renewals,  what  change  has  occurred  in 
plant  which  causes  it  to  diminish  in  value  from  100  per 
cent  when  it  is  new,  to,  say,  10  per  cent  at  the  end  of  its 
physic.il  life  ? 

If  one  takes  one  of  the  simplest  possible  structures,  a 
creosoted  telephone  pole,  and  examines  it,  say,  5  j'ears 
after  erection,  one  cannot  say  positively  that  either  its 
weight  or  strength  is  less,  as  there  is  no  perceptible  decay 
in  mo^t  cases,  nor  can  one  say  that  it  is  earning  less,  as  it 
will  frequently  be  earning  a  larger  sum  per  annum  than  at 
first  because  carrying  more  wires. 

In  fact  the  onlv  solid  ground  for  saying  its  value  has 
decreased  is  "that  it  is  5  years  nearer  to  the  end  of  its  life, 
and  the  question  is  how  to  hnd  the  diminution  in  vaU:e 
caused  by  the  passage  of  these  5  years. 

The  methods  of  arriving  at  the  deduction  to  be  made 
for  any  plant  which  has  already  been  in  existence  some 
time  may  be  divided  into  two  classes  : — 

(<i)   Based  on  a  detailed  examination   of  the  plant  and 

an  individual  assessment  of  values  for  each  item. 
(6)   Based  on  an  estimated  life  which  the  varfous  classes 
of  plant  will  have  under  a  given  standard  of  main- 
tenance, and  providing  for  the  diminution  in  value 
I  by  writing  off  or  setting  aside  a  proper  sum  in 

■  respect  of   each  expired  year  (or   other   portion) 

of  life. 

When  carefully  examined  there  is  really  no  sharp 
dividuig  line  between  these  two  methods. 

In  the  case  of  detailed  examination  (a),  proper  weight 
can  be  given  to  condition,  but  physical  examination  alone 
will  not  enable  a  proper  deduction  to  be  made  for  tlie 
depreciited  state  of  the  plant.     In   some  cases,  for  some 


no 
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years,  the  plant  shows  no  sign  of  wear  or  decay,  yet 
obviously  sonic  provision  ought  to  be  made  for  (he  expired 
life  during  these  years. 

It  is  usual,  therefore,  and  necessarj*,  to  estimate  the 
first  co>t,  life,  age,  and  residual  value. 

If  individual  items  of  pKint  arc  dealt  with,  (lie  life  and 
sometimes  the  age  can  only  be  judged  very  approxiniatily. 
If,  a^  in  niclhod  [h),  the  bulk  is  considcic<l  iiistc.id  of  thi.- 
individual  items,  (lie  life  and  age  can  be  estini.itcd  witli 
much  greater  certainty,  while  consideration  of  the  amount 
spent  on  repairs  and  upkeep,  supplemented  by  inspection, 
will  give  the  condition. 

While  expert  examination  has  a  proper  and  most  useful 
sphere  in  all  cases,  and  is  almost  essential  in  determining 
the  economic  life,  there  i>  no  means  whereby  one  can 
ex.imine  plant  anl  by  th.it  ex;iniinalio:i  alone  cstimalc 
wliat  is  Ihc  value  remaining  in  the  plant  in  place  ;  some 
method  of  computation  must  be  adopted. 

The  measurement  of  the  effects  of  wear  and  tear  and  the 
passage  of  time  is  essentially  a  financial  operation,  and  no 
satisfactory  solution  ctn  be  found  without  going  through 
the  steps  of  establishing  the  first  cost,  residual  value,  life, 
and  age. 

It  is  often  said  that  one  cannot  say  how  long  a  certain 
plant  will  last  ;  but  this  is  not  a  sufficient  answer.  One 
must  estimate  the  life  if  tlierc  is  to  be  any  attempt  towards 
scientilic  treatment  in  planning. 

One  cannot  neglect  capital  charges,  i.c  return  on  capital 
and  provision  for  depreciation  ;  and  the  latter  depends  very 
l.irgcly  upon  life. 

Those  who  say  the  life  cannot  be  estimated  and  take, 
siy,  lo  per  cent  as  capit.il  charges,  do,  in  fact,  estimate  the 
life  though  they  do  not  state  the  period,  and  they  do  so 
without  taking  the  necessary  precautions  (o  estimate  it 
correclly.  because  for  any  parficular  rate  of  relurn  on 
money  and  wi(h  a  given  residual  value,  lo  per  cen(  per 
annum  can  only  he  arrived  at   by  one  definite  life. 

Further,  without  estimates  of  lives  one  cannot  logically 
arrive  at  one  common  rate  for  capital  charges  for  various 
classes  of  plant  capable  of  living  for  various  periods.  It 
follows,  therefore,  that  of  necessity  estimates  of  li(c  must 
Ik  made. 

In  the  ciisc  under  discussion,  no  plant  has  yet  been  con- 
structed, so  that  an  examination  nf  the  actual  conditions  is 
impossible  in  forecasting  the  annual  ch.irges. 

Having  discussed  the  questions  of  physical  and  economic 
lives,  it  seems  advisable  to  (urn  firs(  (<>  the  method  of  treat- 
ing the  provision  for  the  capital  portions  of  annual  charges 
based  on  the  economic  life,  and  afterwards  to  the  proportion 
chargeable  to  renewals  and  the  calculation  of  the  value  of 
plant  in  place,  based  on  the  physical  life. 

MosI  of  the  examples  in  the  paper  whicli  concern 
ccoiioiiiic  life  have  been  worked  out  on  a  tiasis  of  :  — 


Fir»l  co*( 
Residual  v.iluc 
KcoiKiinic  life 


£100 

1.1  % 
ly  years 


and   the    etainplcs    which    concern    physical    life    on   a 
bskit  of  -.' 


Kirsl  cost 
Kcsidual  va'ac 
I'hykical  life 


i,loo 
2;  ycart 


In  both  cases  interest  where  taken  is  at  5  per  cent  per 
annum.  The  tables  are  merely  illustrative  and  the  prin- 
ciples involved  are  as  easily  discussed  on  these  figures  as 
on  any  other,  and  there  is  some  advantage  to  be  gained  by 
keeping  the  tables  for  economic  and  phvsical  lives  quite 
dis(iiic(  in  (he  discussion. 

We  suggest  that  it  will  be  an  .advantage  if  those  contri- 
buting other  tables  will,  unless  there  are  reasons  to  the 
contrary,  use  the  same  figures. 

In  discussing  these  principles,  the  aim  is  (o  ascertain  as 
precisely  as  possible  the  proper  a'lnual  charge  against  c.ich 
unit  of  plant  for  each  year  of  its  life,  and  thus  each  unit  01 
plant  may  be  considered  as  a  person  who  takes  service 
from  a  public  utility  company  under  the  condition  that  lie 
is  to  be  charged  a  proper  rent.al  which  shall  be  cx.aclly 
sufficient  to  safeguard  the  company  .igalnst  all  proper 
charges  and  give  a  stated  return  on  the  capital  employed. 

Let  the  essential  conditions  be  that  the  plant  (or  person) 
shall  be  charged  with  a  yearly  sum  sufficient  to  : — 

(i)  Pay  for  all  maintenance. 

(2)  Pay  all  operating  expense>. 

(3)  At   the  end  of   tlic  physical  life,  renew  (he  capital 

outlay  on  it. 

(4)  Provide  sufficient  money  to  emble  the  company  to 

take  advantage  of  improvements  in  the  art  and 
take  out  of  commission,  when  desir.able,  plant 
which  still  has  some  years  of  life  left  in  it. 

(5)  Pay  the  company  an  agreed  return  on  the  inouey 

invested,   say  5  per  cent   per  annum. 
((<)  Let  it   be  also  assumed  that  the  capital  is  /!ioo,  and 
that  it  and  the  plant  do  not  increase  during  the 
whole  time. 

The  problem  then  is  to  find  how  much  should  the  plant 
or  person  contribute  each  ye.ar  : — 

(1)  Mainteiiiinci-. — Kor  the  inonient  this  charge  is  assumed 

to  remain  constant  and  can  therefore  be  neglected. 

(2)  Opetatiiifi. —  This  is  assumed  (o  remain  constant  and 

can  also  be  neglected. 
(3) -(4)  Kencitali  and  imfoovimcnh. — These  involve  the 
question  of  life  and  resitlual  value.  Assume  the 
economic  life  is  agreed  at  19  years  and  th.i( 
(he  residual  value  at  the  end  of  the  life  is  13  per 
cent  of  the  first  cost  after  paying  for  cost  of 
recovery. 

(5)  Kelurii  on  ra/'/M/,— This  needs  no  discussion. 

(6)  Fixed  capilal  and  plant.— '\'\\is  is  assunied  so  that  a 

steady  b.ase  m,iy  be  taken  throughout. 

It  must  also  be  laid  down  what  is  to  be  done  with  the 
money  received  each  year  in  advance  for  renewals  and 

I    improvements,      Kvcryoiie   .igrees  it  cannot  remain  idle. 

!  It  cannot  be  invested  in  the  business  because  by  hypothesis 
(ft)  the  size  of  the  plant  and  the  amount  of  the  capital 
account  arc  fixed  ;  it  must  tliiiefore  be  used  to  repay  the 
capital  gradually,  or  be  lent  at  interest  to  someone  outside 
Ihc  business.  Assume  that  in  the  latter  case  it  obtains  the 
Mine  rale  as  that  which  is  agreed  upon  for  return  on 
capital,  say  5  per  cent  per  annum. 

Since  the  mailer  can  be  treated  in  different  ways,  it  is 
ucccs»ary  to  consider  what  tests  shall  be  required  of  the 
variouk  methods.     There  aic  two;  (i)  the  total  cost  of  all 
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Uu-  annual  charges  for  the  economic  hfe  of  the  plant  shall 
not  exceed  the  real  cost ;  and  (2)  the  incidence  of  the 
annual  charges  shall  not  be  such  as  to  cause  anomalies  in 
the  conduct  of  the  business  in  different  years  or  periods, 
unless  such  incidence  is  due  to  some  plant  condition. 

In  the  tj'pical  methods  to  be  examined  it  is  assumed  that 
the  first  cost  is  i'loo,  the  residual  value  at  the  end  of  the 
economic  life  £"13.  and  the  economic  life  19  j-ears.  The 
total  cost  is  therefore  the  return  on  the  invested  capital 
during  the  19  years  and  £"87  at  the  end  of  the  19th  year. 
The  simplest  way  to  assess  the  whole  transaction  is  to  tal;e 
tlie  present  value  of  all  payments,  and  using  the  assumed 
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(4)  Sinking  Fund  or  Annuity  Method,  wherein  value  is 
given  to  the  interest  the  fund  will  earn  until  it  is 
wanted. 

(i)  The  Maintenance  Method  affords  no  means  of  cal- 
culation, it  is  bojnd  to  be  irregular,  and  since  no  charge 
can  be  made  until  a  renewal  actually  takes  place,  the 
method  is  always  in  arrear  unless  and  until  a  complete 
renewal  is  effected. 

(2)  The  Reducing  Balance  Method  is  very  frequently 
employed  to  ascertain  the  amount  to  be  allocated  for 
depreciation  at  the  end  of  a  year.  The  first  cost  being 
assumed  at  .^100,  the  residual  value  13  per  cent,  the 
economic  life  at  19  years,  it  will  be  necessary  to  apply 
a  rale  of  lO'iS  per  cent  per  annum  to  the  reduced  balance 
to  extinguish  the  £'87  during  the  life,  and  the  costs  for 
return  and  depreciation  are  shown  in  Table   i  and  Fig.  r. 

Tahle  I. — .Annlai.  Charges. 

R(.\liiiiiig  Balance  Mciliod. 

First   Cobt  :=  £"100.      Residual   Value  :=  £13.      Economic 
Life  =  19  years. 

Rciiiin  on  Capital  5  per  ccnl  per  annum. 


A 

i  - 


8       10       12      14      16      18  19 
Years 

Fig.  I. — .Annual  Charges.     Reducinij  Balance  Method  (see 
Table  IL 


rate  of  interest — 5  per  cent  per  annum — it  is  found,  apart 
from  any  particular  method,  that  what  is  required  is  : — 

The  present  value  of  19  annual  payments,  of  X5  each 

for  return  on  capital  of  £"100  ^  5  X  12-08532      =  £6043 

The  present  value  of  £87  required   19  years  hence 

=  87x0-39573  =     3443 

£:94  86 

This  present  value,  ;^9486,  is  then  the  total  cost,  inde- 
pendent of  any  method,  to  be  used  in  the  first  test  of  any 
method. 

There  are  various  methods  of  treating  the  provision 
for  depreciation,  but  substantially  they  reduce  to  the 
following  : — • 

(i)  Maintenance  Method,  wherein  no  regular  sum  is  put 
aside,  the  plant  being  maintained  and  renewed  out 
of  revenue  expenditure. 

(2)  Reducing  Balance  Method,  wherein  a  uniform  per- 

centage is  deducted    each   year    off  tlie    reduced 
capital  cost. 

(3)  That    usually    called    the    Straight    Line     Method, 

wherein    the   annual   charge   is   the  ratio  of   one 
year  to  the  total  time  or  life. 
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— 

Present  value  of  all  annual  payments  (£129  72)  =  _^94-86. 

This  method  results  in  a  relatively  heavy  charge  in  the 
early  years  and  a  very  light  one  in  the  last  years.  The 
present  value  of  the  whole  series  of  payments  is  £-94-86, 
and  so  this  method  satisfies  the  check  as  to  total  cost  ; 
there  only  remains  the  check  on  incidence. 

(3)  The  Straight  Line  Method  has  been  strongly  advo- 
cated and  requires  extended  consideration. 

Assuming  the  same  case  as  before  (First  cost,  ;^ioo  ; 
residual  value,  ;^i3  ;  economic  life,  19  years),  £-87  is 
required  in  19  years  for  renewal  of  plant  or  redemption  of 
capital. 
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Table  2.— Anxivi.  LiivuGEi.. 

Straight  l.tnt  Mctho<i  a>  frequently  posed. 

Vim  Cost  =  £100.      Residual  Value  ^.{^13.      Kconomic 
Life  =  u;  years. 

Keturn  on  Capital  5  fer  cent  pel   annum. 
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The  straight  line  method,  as  usually  posed,  is  simplicity 
itself.  ,{?87  is  to  bi-  found  in  19  ytars  :  therefore,  all  that 
is  required  is  £^'S^  per  annum  for  depreciation  and,  with 
£^  for  return,  the  total  ch.irf;e>  for  these  two  hcids  arc 
i9".S8  per  annum  as  shown  in  Table  2  and  Fij;.  2. 

This  table  docs  not,  however,  pas>  the  lest  of  total  cost  ; 
the  present  v.iluc  of  19  annual  paynur.ts  of  .{"9-58  each  at 
5  per  cent,  is  : — 

i.-".S77 
instead  of    ^.'94-86 


Present  value  of  all  annual  payments  (.^riSi-oi)  =  ;^i  15-77. 


10      IZ     14      16      18  19 
Years 

l-'io  2.     Annual  Clui|;e«,     SImikIiI   I.iiic  Mellxnl  a<  Ir.qucnlly 
(VMicd  ("ce  T:il'lc  3). 


an  excess  of    ;t'2o-9i 

■  'f  ;£4'58  he  set  aside  annually,  there  will  of  course  be 
^^87  accumulated  at  the  end  of  the  19  yi-ars  ;  bul  since  it 
is  not  prudent  to  leave  money  idle,  it  is  plain  that  interest 
ought  to  be,  and  will  be,  earned  by  the  money  so  set  aside 
annually. 


100 


'    '    '        '    t        j 

Capital 

> 

/ 

> 

/ 

•j 

/ 

/ 

in 

.# 

u 

L4^ 

■Jo 

3 
C 

/ 

/ 

< 

in 

/ 

\r 

Ret 

jrn  g 

Dec 

reciation 

e; 

~'*^7^~^^:::::^;r'^^^^'''^^ 

^ 

,  M>nrpriat.inn                  ^ — -i " 

1 — F — I — 1 — 1  l"f""i 

.  1  , 

10      12 
Years 


14     16      18  19 


80 


60 


T3 

C 
3 


■o 

c 


405 

Q. 
(0 

o 


20 


Flii.  \.- 


-.Viimial  Chaine'i.     Sliainht  Line  Melluid  in  Pr.ictiee 
(>ee  Table  3). 


If  interest  is  taken  at  5  per  cent  per  annum  and  added 
lo  the  growing  fund,  there  will  he  at  the  end  of  the  19 
years  not  the  i!^"]  required,  but  ;ti39-S4,  so  the  )carly 
payments  must  be  reduced  below  £\^^  per  annum  until 
the  amount  is  just  suflicient  to  accumulate  only  the  {'87 
required,  and  this  needs  a  yearly  pa\ ment  of  i-rl^^  for  the 
19  years. 

If  Ihc  earned  interest  be  not  added  to  the  fund,  but 
credited  lo  Ihc  general  revenue  .iccount,  as  is  generally 
the  practice  of  Ihosc  who  uphold  Ihc  straight  line  mclhod, 
Ihc  effect  is  that  Ihc  revenue  is  increased  thereby,  with  the 
result  that  a  higher  return  on  the  capital  is  obtained,  the 
interest  earned  by  the  dcpiecialion  fmid  not  being  required 
for  the  plant.  Hut  lhi>  is  a  violation  of  the  hypothesis, 
because  a  dated  return  on  capital  was  lo  be  earned,  no 
more  and  no  less. 

This  case  is  shown  in  Tabic  3  and  Kig.  3.  Here,  again, 
the  picscnl  value  of  all  Ihc  paymcnis  exacted  foi  the  plant 
is  loo  great,  being  £11577. 
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Testing  the  argument  as  already  suggested  in  the  hglit 
of  the  payment  a  consumer  is  to  make,  it  is  at  once  seen 
that  if  he  pays  the  £$  +  £4-58  each  year,  then,  under  the 
guise  of  annual  charges,  he  is  paying  such  a  sum  as  will  in 
fact  provide  the  company  with  a  higher  return  tlian  allowed 
for  bv  the  liypothesis.  Column  ]  shows  tliat  the  total 
return  on  capital  increases  yearly  from  5  per  cent  per 
annum  to  9- 12  per  cent  per  annum. 

If  the  straight  line  law  is  followed,  but  instead  of  accumu- 
lating a  fund  the  capital  is  partly  repaid  each  year,  the 


(4)  S  nking  Fund  Method.  Table  6  and  Fig.  6  show 
the  case  treated  by  a  sinking  fund  ;  in  this  instance  the 
capital  remains  fixed  at  Xioo  and  a  fund  is  built  up 
gradually  against  the  end  of  life,  at  which  time,  and  not 
until  then,  the  money  will  be  required  either  to  repay  the 
capital  or  to  replace  the  plant. 

Here  the  total  annual  charge  is  uniform  at  £j''i^  per 
annum,  made  up  of  uniform  charges  each  year  both  for 
return  and  for  depreciation.  The  present  value  of  the; 
series  of  payments  is  £()^'86. 


T.ABLE    3. — .\XNTAL    CHARGES. 

Straight  Line  Mctli<?d  in  Practice. 

First  Cost:=Xioo.     Residual  Value  =1^13.     Kconomic  Life  =  19  years. 

Return  on  Capital  5  per  cent  per  annum. 
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(incl.  Interest) 
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3915 


I  j2-S7 


Present  value  of  all  annual  payments  (/;i82'02)  =  ;f  11577 
Less  interest  {i"39"is)  =    :£^20'9i 


X94-86 


present  value  is  seen  to  be  correct  at  X94'86  and  there 
remains  the  question  of  incidence. 

Table  4  and  Fig.  4  show  tliis. 

(4)  Annuity  Method.  Table  5  and  Fig.  5  show  the  same 
case  treated  as  an  annuity,  by  which  each  year  a  part  of 
the  capital  is  repaid  and  a  return  is  paid  on  the  capital 
outstanding. 

Here  the  total  annual  charge  is  uniform  at  ;f  7  85 
per  annum,  made  up  of  the  decreasing  return  com- 
ponent and  an  increasing  depreciation  component.  At 
the  end  of  the  life  all  the  capital  has  been  repaid, 
except  X13  which  will  be  found  by  the  sale  of  the  plant. 
The  plant  (or  consumer)  gets  the  benefit  of  interest, 
because  as  capital  is  repaid  the  return  thereon  ceases. 
The  present  value  of  the  scries  of  payments  is  ^l94'86. 


The  depreciation  Jjjnd  is  not  required  until  the  end  of 
the  life,  and,  of  course,  earns  interest  in  the  meanwhile  ; 
this  interest  is  earned  bj-  the  money  contributed  bv  the 
plant  (or  person)  and  must  somehow  be  credited  to.  its 
source.  In  this  instance  the  interest  is  added  to  the  fund 
and  because  of  that  addition  the  annual  charges  are 
reduced. 

The  advocates  of  the  straight  line  method  have  to 
choose  between  Tables  2,  3,  and  4. 

Thev  cannot  adopt  Table  2,  because  that  requires  either 
that  no  interest  is  earned  by  the  money  paid  annually  in 
advance,  or  that  interest  is  earned  but  not  disclosed,  each 
being  an  untenable  position. 

They  cannot  adopt  Table  3,  because  that  requires  the 
plant  (or  person)  to  pay  an  enhanced  annual  charge  under 
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Table  4.— Anxial  CiURutb.. 

Siraighl  Line  ilelhod.   Proportion   of  Capital   rtpoui  ejili 
Year. 

Fir^4  Cost  ^  jf  too.     Rcsid11.1l  Valuer  ^13.     Kcononiic 
Life  =  10  years. 

Return  on  Citptliil  5  per  cent  per  am  nm. 
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Present  value  of  all  annual  p:i\nienl- 
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ivin.K  5.— AssUAi.  Chargks. 
Annuily  Mclhcii. 

I-'iist  C'osI  ^  .{"100.     Residual  Value  =  {."13.     Kconoinic 
Life  ^  19  years. 

I\tliiiii  on  Ciipiliil  5  per  icnl  per  iinniini. 
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Table  6.— Axxual  Chakges. 

Sinking  Fund  Method. 

First   Cost=Xioo.      Residual   Value  =  X13.      Economic 
Life  ^  19  Years. 

Rciuin  on  Capital  5  per  cent  per  annum. 
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Present  value  of  all  annual  payments  (X149-15)  =  X94-86. 


again  commences  to  fall.     It  would  be  impracticable  to 
base  any  rates  on  this  table. 

Tabulating  the  present  values  of  the  whole  transaction 
by  the  various  methods,  we  have  Table  7. 

Table  7. 

Present  Value  of  the  Annual  Charges  for  19  Years  by  the 
Various  Methods  shown  in   Tables   i  to  6. 
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Fig.  6. — .\iinual  Charjjes.     Sinking  Fund  Method 
(see  Table  6). 


Now  it  is  obvious  that  each  method  produces  exactly 
the  required  present  value,  except  that  which  takes  up  the 
posilion  that  interest  will  not  be  earned  on  the  money 
received  each  year  and  in  advance  of  being  required,  or 
while  admitting  that  interest  will  be  earned  does  not 
credit  it  to  its  source. 

Examining  the  methods  shown  in  Tables  i,  4,  5,  and  6, 
each  of  which  has  a  present  value  of  X94-86,  for  the  test  of 
incidence,  Tables  1  and  4  require  an  annual  charge  which 
varies  each  year,  while  Tables  5  and  6  have  charges  which 
are  steady  each  year. 

There  is  no  condition  as  regards  the  plant  which  re- 
quires this  var3ing  annual  charge,  and  certainly  no  plant 
condition  which  would  enable  one  to  distinguish  between 
the  varving  annual  charges  in  Tables  i  and  4. 

If  there  is  some  real  reason  for  varying  annual  charges, 
of  course  they  must  be  faced  ;  but  if  they  are  untrue  it 
is  foolish  to  cumber  a  forecast  of  annual  charges  with  a 
varying  scale. 

The  reducing  balance  method  (No.  i)  is  seen  to  be  one 
of  convenience  and  not  of  fact,  because  if  it  were  really 
correct  that  the  annual  charges  vary  in  such  a  marked 
fashion,  e.g.  ist  year  15-18  per  cent,  6th  year  8-87  per  cent, 
12th  year,  4-66  per  cent,  then  either  there  must  be  some 
counterbalancing  increasing  cost,  or  the  charge  to  a 
consumer  for  the  use  of  the  plant  would  require  to  be 
a  reducing  one. 

There  is  no  such  reducing  charge  in  practice  ;  conse- 
quently, if  the  steady  charge  to  the  consumer  is  sufficient 
to  give  a  return  of  5  per  cent  in  the  first  year,  then  the 
same  charge  will  give  15-8  per  cent  return  in  the  6th  year, 
393  per  cent  in  the  12th  year,  and  94-8  per  cent  in  the 
19th  year. 

The  same  reasoning  applies  to  the  method  shown  in 
Table  4  ;  in  ordinary  practice  there  is  no  such  reducing 
charge,  except  in  book-keeping,  and  that  has  its  founda- 
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tioa  in  convenience  or  prudence  and  not  in  the  actual 
requirements  of  the  plant. 

On  t>ic  other  hand,  both  the  annuity  and  sinking  fund 
methods  arc  correct  in  amount,  satiNfy  all  real  require- 
ments demanded  by  the  plant,  and,  being  uniform,  can  be 
ca»ily  handled. 

In  practice  it  is  not  usual  to  repay  the  capital  frac- 
tionally each  year  :  the  money  set  aside  for  depreciation  is 


the  existing  plant  is  taken  out,  there  will  be  a  wastage  of 
its  then  value  in  place,  plus  the  cost  of  taking  it  out  and 
less  the  amount  received  for  the  recovered  materials,  the 
net  result  of  this  being  a  present  loss  when  the  change 
is  made. 

Against  this  loss  there  is  to  be  set  any  economy  in 
annual  charges  that  may  be  gained  by  the  new  plant 
during   the   period    whicli    would   have   remained    of   the 


Table  8.— V.vlue  of  I'ust  ix  Place. 

Sinking  Fund  Method. 

First  Cost  =  iTioo.     Residual  Value  =  £2.     Physical  Life  =  15  years. 

keliiin  on  Capital  5  per  cent  per  annum. 
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generally  accumulated  until  wanted,  and  the  sinking  fund 
method  «ati«fie9  alt  conditions  of  the  problem  so  far. 

Vau-r  ok  Pi  \\t  is   Pi.uk  at  anv  Timk. 
Th<Tnj;in'-T  controlling  a  syttem  must  be  able  not  only 
'  1  inuil  ch.irgcs  on  each  kind  of  plant,  but 

-c  the  value  remaining  in  the  plant  at  any 


lime 

In 

imf  I 


'  '-''''g  exlen»ion»  of  plant,  or  the  adoption  of 
.',  it  frcqucnilv  happens  that  the  (jueslion 
~'  •        ■  I  :,  plant  vtill 

,  ■   il  to,  .iiid 
itpUtc  It  l>  iJt»  pUiil  i.(  A  iiioic  ctoiiomital  nature.     If 


displaced  pLint's  life.  Further,  since  the  wast.igc  must 
he  incurred  when  the  change  is  made,  while  the  pro- 
spective savings  are  in  the  future,  the  twn  sums  must  be 
brought  to  a  cotnnion  time  for  cmnparison  ;  in  fact,  the 
problem  is  to  find  out  if  it  is  worth  while  to  incur  a  present 
loss  to  achieve  a  future  g.iin. 

I'nicsi  the  new  plant  will  thus  pay  for  the  wastage, 
or  unless  there  arc  compelling  reasons  which  require  the 
change  irrespective  of  economy,  the  change  should  not 
be  made. 

The  v>lution  Utgclv<lcpcnd>-  upon  what  is  (he  value  of  the 
plant  in  place,  still  pet  forming  its  service  satist.ictorily  and 
capable  of  continuing  to  do  so  for  some  time  longer,  and 
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the  engineer  must  be  able  to  estimate  this  value  by  some 
logical  process. 

If  the  first  cost  and  the  annual  charges  have  been 
rightly  estimated,  llie  diminution  in  value  is  the  amount 
which  should  be  in  the  renewals  fund,  for  that  was  the 
very  purpose  of  the  fund.  That  is,  the  first  cost  less  the 
amount  which  should  be  in  the  fund  is  the  measure  of 
the  remainin"  value  :  or  it  mav  be  stated  that  the  remain- 


of  25  vears  and  the  residual  value,  at  the  ei.d  of  life, 
of  £2. ' 

Assume  an  original  owner  wliose  conditions  are  set  out 
in  Table  8  (5  per  cent  sinking  fund\  to  whom  the  user  of 
the  plant  pays  £to^  per  annum,  sells  at  the  end  of  the 
8th  year  on  the  b.isis  of  this  table.  He  will  then  sell  for 
;£ioD  less  /^i9'6i  (the  amount  in  the  fund),  =  ;f8o'39. 

This   second    owner's  conditions  will  then   be  :  Capital 
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T.\ci.E  9. — V.\LUE  OF  Plant  in   Place. 

SIraiglil  Line  Method. 

First  Cost  =  £"100.     Residual  Value  =£"2.     Physical  Life  =  25  years. 

Refiiin  on  dipiltil  5  per  cent  per  annmu. 
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ing  value  in  the  plant  plus  the  amount  which  sliould 
be  in  the  renewals  fund  is  always  equal  to  the  first  cost. 

One  easy  waj-  to  test  the  equity  of  the  value  in  place 
produced  bj'  the  alternative  methods  used  in  treating 
depreciation  is  to  examine  how  each  w-ould  result  if  an 
undertaking  passed  successively  to  several  owners,  on  the 
basis  of  the  remaining  value  being  the  first  cost  less  the 
amount  which  should  be  in  the  renewals  fund. 

In  this  case,  as  already  shown,  the  life  concerned  is  not 
the  economic  life  but  the  physical  life,  so  that  in  calcu- 
lating tlie  following  tables  w-e  must  take  the  physical  life 


;£8o-39,  remaining  life  17  years,  residual  value  £2,  other 
conditions  as  before,  and  the  table  shows  tliese  figures  for 
the  next  8  j'ears. 

If  the  second  owner  transfers  to  a  third  owner  at  the 
end  of  the  i6th  }'ear,  on  the  same  basis,  he  will  then  sell 
for  XSo-39  less  ^28-97  =  ;f 5I-42- 

The  third  owner's  conditions  will  then  be :  Capital 
X5I-42,  remaining  life  g  years,  residual  value  £2,  other 
conditions  as  before,  and  the  financial  result  is  shown 
in  the  table. 

If  the  third  owner  transfers  to  a  fourth  at  the  end  of 
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the  24lh  year,  on  the  same  basis,  he  will  sell  for  £51*42 
less  £^;»  =  i'Sftj. 

T^.U  list  owner's  conditions  will  then  be  ;  Capital  £S(}1, 
:  life  I  year,  residual  value  £2,  other  conditions 
J  -.  and  the  table  shows  his  position. 

This  last  owner  finds  £1  from  sale  of  ni.-ilcriats  and 
£662  from  his  renewals  fund  and  thus  gets  back  the 
money  he  had  invested. 

It  is  true  that  the  portion  of  the  annu.il  charge  allocated 
in  this  example  to  renewals  becomes  larger  each  year, 
'  I  he  case  under  consideration,  {^•05,  £3'0';,  £4'48, 

.  .  but  that  IS  only  one  part  of  tlie  transaction  and 
the  mcrcase  is  exactly  counterbalanced  by  the  reduction 
of  the  charge  in  respect  of  return  on  capital,  in  this  case, 
£$•  £'i'oi.  £^'57-  >nd  iro*43.  It  will  be  observed  that 
each  successive  owner  has  taken  over  the  plant  at  what 
it  would  have  stood  at,  h.^d  part  of  the  capital  been  paid 
Kick  each  ycir  on  the  annuity  method. 

Thus  each  successive  owner  has  had  the  same  plant,  the 
same  annual  charge,  and  h.is  got  back  all  his  capital  at 
the  end  of  his  term. 

Of  course  if  the  renewals  finid  is  not  credited  with  the 
same  rate  of  interest  as  the  return  on  capital,  the  strict 
equality  will  not  hold  good,  but  the  only  reason  for 
accepting  a  less  rate  than  the  plant  earns  is  to  obtain 
a  greater  security  for  the  fund  than  for  the  main  invest- 
ment, and  this  course  is  based  on  prudence  ratlier  than 
on  equity. 

Now  contrast  what  happens  under  the  straight  line 
l.iw,  the  annual  rental  remaining  const.inl  at  the  amount 
fixed  by  the  first  year's  annual  charge.  Tlie  figures  used 
are  shown  in  Table  9. 

The  first  owner's  conditions  are  :  First  cost  i"ioo,  life 
2j  years,  residual  value  £2.  He  charges  the  plant  with 
£8-92  per  annum  and  has  the  plant  for  S  years.  During 
that  time  the  money  he  receives,  together  with  the  interest 
earned  by  the  renewals  fund,  which  is  not  credited  to  its 
source,  i.e.  the  plant  .account,  is  sufficient  to  enable  him  to 
pay  a  return  on  his  capital  increasing  from  5  to  637  per 
cent. 

He  then  sells  on  the  basis  of  this  table  at  ;^ioo  less 
i'3r36^  0>8-^4,  and  thus,  with  what  is  in  his  renewals 
fund,  his  capital  is  repaid. 

The  second  owner's  conditions  arc  ;  First  cost  £.f)H-6^, 
residual  v.iluc  £j,  remaining  life  17  years,  and  the  t.ablc 
shows  the  figures  for  the  next  8  years. 

Here  it  is  -ecn  that  the  annual  cliarges  for  the  second 
owner  consisting  of  the  return.  Column  C  plus  the 
Kcnewals  Column  I),  fall  short  of  the  total  for  the  origin.il 
owner  by  £f^T,  and  this  is  .ivailabic  with  the  interest 
earned  by  the  fund  to  give  a  total  return  on  the  capital 
mcTca»ing  from  728  per  cent  per  annum  in  the  9th  year  to 
£<f2fi  per  cent  |>cr  annum  in  the  iftth  year. 

If  the  second  owner  transfers  to  a  third  at  the  end  of 

the   iMh    year,  he  will  sell  lor   /Jj/  28  Tf  f>t>^'4— i'3>'.V>). 

|^   for   this  owner   will   be:    First  cost 

■  liir  £1.  remaining  life  <)  years,  and  the 

it-»  '  iblc. 

1  liimii  K,  is  grc.itcr  than  hcfurc,and 

the  total  return  on  the  capital  increase* from  i3'4i  per  cent 
to  17  o<j  per  cent  per  annum. 

If  the  third  owner  transfer*  to  a  fouilh  at  the  end  of  the 
}4lh  year,  he  will  »ell  for  ,£  V9J  («  ;£37»8— f  jrift).  and 


the  last  owners  conditions  will  be  :  First  cost  £5-<)2, 
residual  value  £2,  remaining  life  1  year,  and  his  position 
is  shown  in  the  table. 

This  last  owner  gets  £2  for  the  residual  value,  which 
with  £yi)2  in  the  renewals  fund  repays  his  capit.al.and  the 
total  return  on  his  capital  is  84  64  per  cent  per  annum. 

Thus  each  successive  owner  has  had  the  same  plant,  and 
has  got  b.ack  all  the  capital  invested,  but  c.ich  successive 
owner  has  received  a  higher  percentage  return  on  the 
Cipilal  invested  than  any  of  the  previous  owners. 

If  may  be  argued  that  the  amount  of  profit  an  owner  can 
m.ike  has  nothing  to  do  with  the  value  of  the  plant,  and 
this  is  true.  In  the  .ihove  cases  the  relative  profits  under 
the  same  conditions  have  merely  been  used  to  test  whether 
the  price  at  which  tlie  plant  is  valued  seems  a  fair  one  or 
not. 

When  one  finds  that  on  one  hand,  when  interest  is 
brought  into  the  transaction,  there  is  absohilc  equality  as  . 
between  various  years  or  various  owners,  and  on  the  other 
hand,  when  interest  is  not  brought  in,  the  successive  year  or 
suci-cssivc  owner  is  always  progressively  favoured,  one  has 
good  ground  for  the  conclusion  that  all  is  not  right  with 
the  meihoJ  of  valuation  which  neglects  interest  on  the 
renewals  fund  payments. 

Alijcokh  Oiuectioxs  to  Sinking  FrNii  kor  asci  i;t\in- 
iNo  THK  Value  ok  Plant  in  Plack. 

Those  who  .advocate  the  straight  line  method,  .as  against 
tlie  sinking  fund,  use  arguments  which  group  themselves 
soaiewh.it  in  the  following  manner  :  — 

(1)  The  straight  line  method  has  alw.ays  been  adopted  in 

valuations. 

(2)  If  h  lit'  the  life  is  gone,  half  the  value  is  gone. 

(3)  The  sinking  fund  is  a  wrong  method  because  if  a 

person  buys  at  depreciated  value  on  the  sinking 
fund  basis,  at  the  end  of  the  life  there  is  only  in 
tiic  fund  tlic  amount  the  buyer  paid  and  not  the 
cost  which  then  has  to  be  found  for  the  new  plant. 

(4)  The  depreciation  to  be  paid  to  tlie  sinking  fund  by 

successive  owners  is  an  increasing  amount. 

(5)  The  sinking  fund  method  is  wrong  because  it  locks 

up  the  money  required  for  renewal  of  the  short- 
lived plant. 

(ft)  Tlie  sinking  fund  method  is  wrong  for  plant  because 
llie  life  is  uncertain.  It  is  right  for  a  lease  or 
annuity  where  the  life  is  known. 

(7)  It  cannot  be  tliat  the  rale  of  interest  earned  by  a 
redemption  fund  can  affect  the  value  of  plant. 

(1)  This  fact  in  itself  is  not  a  suflTicicnt  reason.  11  the 
method  is  wrong  it  sliould  not  l>o  perpetuated,  and  if  it  is 
right  it  is  surely  capable  of  demonstration. 

(2)  A  dogmatic  assertion  is  not  a  convincing  argument, 
and  here  again  the  claim  should  be  substantiated  by  proof. 

(?)  This  seems  an  absurd  contention  but  it  h.as  seriously 
been  put  forward.  It  iiieans  that  if  "  .\  "  expends  /joo  on 
new  pl.int  and  "H  "  buys  it  later  on  .il  its  depreciated 
value,  say  ^.Yki,  "H"  expects  to  have  in  his  depreciation 
fund  at  the  end  of  the  plants  life  ^Jioo  wilh  which  to 
inilall  the  new  plant  then  required  and  m't  merely  the 
£(k>  which  he  gave. 
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The  simplest  answer  to  this  is  to  reduce  it  to  an 
absurdity. 

If  "  B  "  buys  the  plant  on  its  very  last  legs  for  id.,  he  is 
to  find  i'loo  in  the  sinking  fund  when  the  last  moment 
comes  ! 

In  anv  case  this  argument  would  apply  to  any  metliod  of 
computing  depreciation. 

(4)  This  has  already  been  dealt  with  in  Tables  5  and  8, 
and  these  show  that  the  increased  amount  required  for 
redemption  is  exacth'  counterbalanced  by  the  reduction  in 
the  amount  required  to  pay  the  same  per  cent  return. 

With  regard  to  Xo.  5.  suppose  a  plant  is  composed 
of  three  classes,  sinldng  fund  being  used  as  shown  in 
Table  10. 

T.^Bi.E  10. 

Illiisli-iiliiig  Rcilciiiptioii  by  5  per  ceiil  Si)il;iiig  Fund  of  Plant 
composed  of  Three  Classes  as  sluKcn. 


First  C.ist 


Residual 
Value 


Annual 

Paymenl  for 

Renewals. 


A 

.4 
100 

Years 
10 

Per  cenl 

Nil 

B 

IOC 

5 

„ 

C 

100 

2 

300 


74-83 


It  is  obvious  that  the  amount  of  ;£'74'83  per  annum  is 
correct  for  the  equated  hfe  of  375  years  and  is  composed 
of  three  parts,  each  for  a  different  life,  and  that  each  part 
will  renew  it^  own  plant  as  the  time  comes.  This  is  shown 
in  Table  1 1. 

T.\I-,I.E    II. 

lllusi rating  siijfieieney  of  Renewals  Fund  used  in  Table  10. 
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Fund 

Fund 

renewing 

renewed 

in  Fund 

£ 

£ 

. 

£ 

£ 

I 

74-83 

74-83 

74-83 

2 

74-83 

3-74 

153-40 

100(C) 

53-40 

3 

74-83 

2-67 

130-90 

— 

130-90 

4 

74-83 

6-54 

212-27 

100(C) 

11227 

3 

74-83 

S-6i 

192-71 

100(B) 

92-71 

6 

74-83 

4-63 

172-17 

100(C) 

72-17 

7 

74-83 

361 

i50'6i 

— 

150-61 

8 

74-83 

7-53 

232-97 

100(C) 

132-97 

9 

74-83 

6-65 

2i4'45  1 

— 

214-45 

10 

74-83 

1072 

300-00 

1 

300  (A,  B,  C) 



This  table  show-s  that  if  the  sinking  fund  be  correctl)' 
founded,  the  money  can  be  put  away  into  a  fund  and 
there  will  always  be  sufficient  to  provide  the  proper  sum 
for  renewals  as  they  come  due.  The  assertion  that  the 
money  is  locked  up  and  cannot  be  used  is  untrue. 


No.  6  may  be  stated  in  another  way  (but  this  only 
applies  when  part  of  the  life  has  already  expired). 

(a)  The  expired  life  is,  say,        20  years 

(6)  The  best  estimate  of  the  remaining 

life  is,  say,  ...         ...         ...         ...     20      ,, 

Making  the  estimated  total  life      ...     40  years 

but  (a)  is  certain  and  (6)  is  uncertain,  therefore  it  is  said 
that  there  should  be  some  allowance  taken  off  (6)  for  that 
uncertainty. 

It  is  admitted  by  some  advocates  of  the  straight  line 
method  that  when  the  life  can  be  accurately  foretold,  as  in 
the  case  of  a  lease,  the  sinking  fund  method  of  valuation 
is  a  correct  one  ;  but  they  say  the  life  of  plant  is  uncertain 
and  cannot  be  foretold  and  they  therefore  value  plant  by 
means  of  the  straight  line  method. 

Let  us  see  vi'hat  result  this  has  in  practice.  Assume 
plant  20  years  old,  which  the  straight  line  advocate  would 
value  at  50  per  cent  of  first  cost  ;  this  valuation  is  arrived 
at  because  he  believes  the  plant  will  have  a  total  life  of  40 
years.  Solel}',  however,  because  this  is  a  belief  and  not  a 
fact  he  will  not  use  the  sinking  fund  method,  admittedly 
correct  for  a  known  life  of  40  years,  but  employs  the 
straight  line  method  which  must  be  incorrect  if  the  planf-s 
life  exceeds  30  years.  In  effect  he  first  makes  an  estimate 
of  the  remaining  life  and  then  halves  it. 

If  the  estimates  of  life  have  been  arrived  at  honestly  and 
with  all  the  available  knowledge,  there  is  just  as  much 
likelihood  that  they  will  be  exceeded  as  that  they  will  not 
be  attained,  and  it  must  be  just  as  fair  for  the  seller  to 
make  a  claim  for  this  uncertainty  as  it  would  be  for  the 
buyer  to  do  so.  The  proper  time  for  such  questions  to 
be  raised  is  when  the  lives  are  fixed,  and  once  this  has 
been  done  it  is  not  logical  for  either  side  to  justify  an 
obviously  unfair  method  by  saying  that  it  may  redress  a 
possible  error  in  figures  which  have  been  fixed,  when  it  is 
just  as  probable  that  it  will  increase  the  effects  of  the 
error. 

With  regard  to  No.  7,  the  authors  hold  that  the  valualion 
of  plant  is  a  financial  operation  and  cannot  be  arrived  at 
by  any  other  means.  If  that  is  so,  the  value  of  the  plant 
must  be  affected  by  the  value  of  money  held  in  advance. 

It  is  recognized  that  the  first  cost  of  the  plant  depends 
to  some  extent  on  the  return  which  has  to  be  paid  for  the 

capital  expended,  and  in  the  same  way  there  is  nothing 

unreabonable  in  the  interest  earned  by  the  renewals  fund 

affecting  the  value  of  the  plant  at  any  time. 

Naturally,  the   rate   of   interest   and   return   on   capital 

must  be  fair  and  not  fanciful,  but  that  only  requires  the 

valuer  to  use  fair  rates  and  does  not  require  him  to  assume 

an  untruth,  that  the  money  in  the  fund  earns  nothing. 
The  straight  line  method  appears  to  rest  on  two  points  : 

(a)   it  is   so   simple  and   avoids  calculation  ;   and  (6),  the 

magic  of  the  words,  half  time,  half  value  ! 

The  simplicity  is  useless  if  it  is  wrong  ;  and  that  half 

value  is  correct  at  half  life  has  only  been  asserted  and  not 

demonstrated. 

Equated  Lives  for  Complex  Plant; 
In  treating   a  case  in  which  there  are  various  lives,  it 
does  not  appear  to  be  well  known  that  the  average  life 
obtained  in  the  usual  manner  of  getting  a  weighted  average 
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ii  ail  crroncrou:>  fj^uic  to  u^c  in  calculations  (or  rcdciiiplion 
of  money.  The  btc  ifr.  KoIktI  Hummoiul  referred  to 
ltii»  in  bis  paper  on  "  Depreciation." 

1/  \vc  take  a  pLinl  consisting  o(  three  cl.isscs  of  articles 
haviu>>  different  first  costs  .md  lives  as  sliovvn  below.  \vc 
find  that  the  avcr.»ge  life  is  7  years,  obtained  as  lollows  :— 


CI.1--S  A 

..  n 


Aminjnl 

200 
100 

^100 


^^it  in 
Year* 


^  X  yrai* 
3,000 
1,000 
iOO 

4.200 


Tol.il  avcr.icc  life  - ' —  =  7  vc.irs. 
"  (wo  • 

But  in  this  calculation,  .{'300  for  Class  .V,  ,£'200  for 
Class  B,  and  £"100  for  Cl.iss  C,  were  employed,  whereas 
in  the  complete  cycle  of  10  years  the  money  actually 
involved  will  be  : — 

i  £ 

Class  A.  one  renewal    ^  300  x  1  ^  300 
.,     U.  two  renewals^  300  x  2  =  400 
(.".  live  renewals  =  loa  x  5  =  500 

1,200 

and  therefore  the  fig^rcs   should    be.  if    iiiti.TCsl    be   not 
added  to  the  fund  : — 


Class  A 
..  B 
..     C 


Antount 

IJ(c  in 

i 

Yc.iri 

300 

10 

400 

.S 

300 

2 

1.200 

(1  TOO 

£  «  yeArs 
3,000 
2,000 
1. 000 

(),0O0 


■  1 
.  .-1 
•> 

1  jic  in 
Year. 

Aniiuul  ln..UiI< 
Klr>l  Oml-^ 
i 

1  xtv 

30" 

10 

30 

200 

.s 

40 

100 

1 

50 

Kquatcd  life  =  =  ^  vr.irs. 

^  l,20i> 

One   usual    way   of    calculating    this   equated   life,  i  c. 
williout  interest,  is  to  divide  the  first  cost  by  the  sum  of 

t'li     .iiinii  1!    iii^t.ll'ncllt -.    tlills:  — 


Class  A 

..     B 

C 


600  120 

Equaled  life  =         =5  years. 

If,  on  the  other  hand,  interest  (?ay  5  per  cent  p.a.>  is 
added  lo  the  renewals  fund,  the  calculation  will  be  : — 

ntM        Life  In  Annual 

C<i«l         Vi:ir«  ln«talmrnl« 

i 

1    .      \  VKJ        10        300  X  o'o7i)3o  =  23*«3o 

r.  ...     21.0  5        Joo  X  oiHoc>H  =  30n)4 

C    ...      100  3  100  X  0'4S78o  =  48780 

ftOO  ||>K*S24 


"•M. 


From  the.-c  cxaniplt-s  it  will  be  seen  that  we  have  :  — 

.\ vera jje  life 7      years 

Kquated  life,  no  interest    ...         ...     5         „ 

1.  ,  5  per  cent  p..n.         ...     495    ., 

Calculating  for  the  sum  of  ^Iftoo  on  an  equated  life  of  5 
ye.irs  without  interest, or  4H)5  years  with  3  percent  intnesl, 
will  each  give  the  money  re<)uircd  to  renew  e.ich  part  as 
its  time  comes  lo  an  end.  To  use  an  average  life  of  7  ye.irs 
by  which  lo  calculate  the  amount  required  lo  renew  the 
plant  would,  however,  result  in  a  serious  delicil. 

In  the  above  example,  ;^i,20o  altogether  being  required 
over  the  10  years,  ihc  annu.1l  instalments  and  total  amount 
will  be  :— 


—:  £o-itltjy    per  ^1^5    per   cent    sinking    fund 
|a\menl  per  :lie  equaled  life. 


Fint 
Cott 


IJfc  In  Yc-ini 


Annual  lii<italnu-iits 

Total 
Amount  in 

10  Ye.ir* 

7    ='^'' 

600 

-     =   I  JO 

J, 

1,200 

600     Average  7,  no  interest 
600     Equated  5,         „ 


600  ,,         4'()5,     5      %      108  824  +  interest       1,200 

interest 


So  that  if  an  aver.igc  life  of  7  ye.irs  is  taken  fi  r 
calculating  the  provision,  the  actual  deticit  will  be 
^Ti.roo  —  '^57^.^343  '"  'he  10  years. 

Difinition. — The  equated  life  is  purely  a  linancial  period 
and  has  nothing  directly  to  do  with  the  life  of  the  plant 
(though,  of  courfc,  based  upon  this).  It  is  the  period  in 
which  Ihe  annual  instalments  would  accumulate  to  the 
total  required,  and  tliat  being  so,  it  is  of  course  to  some 
extent  dependent  upon  whether  interest  is  .idded  to  the 
fund  or  not,  because  it  depends  upon  the  rale  of  growth- 

From  this  example  it  will  be  seen  that  there  is  a  great 
danger  if  tlie  difference  between  average  and  equated 
lives  is  not  .ippreciated.  For  a  complex  plant,  use  of  the 
average  life  will  result  in  inadequate  provision,  because 
the  equated  life  is  always  shorter  than  the  average 
life.  Provision  for  a  complex  plant  can  only  bj  made 
either  by  providing  separately  for  each  p.irt  and  sum- 
mating  the  annual  p.iyments,  or  by  using  the  correct 
equated  life  and  treating  the  plant  as  a  whole. 

Livics  KOK  N'ox-coMri.i.x  ri.Axr. 

When,  however,  a  subdivision  of  plant  having  the  same 
general  characteristics  is  considered,  Ihe  average  lives  or 
.igcs  may  s;«(ely  be  used.  Assume,  for  example,  that 
ceit.iin  pieces  o(  plant  all  of  the  same  general  character, 
such  as  creosdted  wooden  poles,  have  such  a  life  that  the 
weighted  average  duration  is  2875  years. 

Obviously  all  Ihe  poles  will  not  live  cx.iclly  this  peiiod  ; 
some  will  die  earlier  and  some  live  longer,  and  the  question 
arises  whether  the  average  life  may  be  used  as  the  lilc  of 
the  pole,  seeing  that  in  the  previous  case  the  use  of  the 
average  life  would  not  provide  the  necessary  money  lor 
uncwals. 

II  Ihe  plant  considered  is  all  of  Ihe  same  kind,  then  Ihe 
aviia^c  life  may  be  safely  used,     (tcneral  considcralioii 
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shows  that  eacli  sub-class  of  plant  should  have  very  much 
the  same  characteristics  since  its  requirements  are  specified 
and  it  is  examined  for  compliance  with  the  specification. 
It  is  therefore  largely  free  from  what  may  be  termed 
infantile  mortality  and  from  the  risks  due  to  a  diseased 
condition  ;  consequently,  the  mortality  instead  of  being 
spread  all  over  the  whole  period  ought  to  be  grouped 
more  closely. 

Fif^.  7  shows  an  examination  of  mortality  of  creosoted 
wooden  poles  as  recorded  bj  ihe  British  Post  Office.  In 
this  case  the  ages  of  10.662  poles,  taken  out  of  service  on 
account  of  decay,  were  recorded. 

Fig.  7  shows  that  the  most  common  period  is  strongly 
marked,  there  being  82-6  per  cent  of  deaths  within  a 
period,  10  per  cent  on  each  side  of  the  average,  that  is, 
between  25-9  and  3 16  years. 
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Fui.  7. — Avera^jc  Phy>ical  Lives  01  10,602  Crcosoltd  Wnnden 
Poles  recorded  bv  the  lirilish  Post  Office. 


The  period  when  50  per  cent  were  dead  was  2865 
years.  The  average  weighted  life  of  those  poles  was  2875, '•■ 
and  the  equated  life  on  a  5  per  cent  per  annum  sinking 
fund  is  29  years. 

This  supports  the  general  reasoning  that  provided  plant 
is  grouped  in  sub-classes  having  the  same  general  charac- 
teristics the  weighted  average  life  of  the  individual  items 
may  safely  be  used,  but  groups  not  having  the  same  general 
characteristics  must  be  treated  separatelv. 

Whkre  Life  is  li.mited  uy  Uxns  ok  Work 

PEHFORMED    RATHER    THAN    BY    TiME. 

In  some  cases  the  life  of  plant  is  limited  bv  the 
units  of  work  performed  rather  than  by  time.  One  ex- 
ample of  this  is  a  tool  such  as  a  lathe  or  press;  another 
is  a  locomotive.  Such  things  do  not  wear  out  by  the 
passage  of  time,  but  by  the  work  which  is  done  by  them, 

•  The  authors  do  not  wish  to  be  tal<en  as  endorsing  this  figure,  but 
any  discussion  on  such  matters  is  not  .germane  to  the  question  under 
consideration. 


and  it  would  be  wrong  to  estiriiate  the  life  of  such  a  thing 
merely  in  years  irrespective  of  work. 

The  question  arises,  how  the  proper  charge  per  unit  of 
work  is  to  be  arrived  at,  since  in  some  cases  there  must  be 
found  the  correct  amount  to  be  charged  to  each  job  for 
the  use  of  a  tool  or  machine. 

In  such  a  case,  time,  i.e.  the  physical  and  economic  lives, 
must  be  brought  into  the  calculation,  and  one  is  bound  to 
estimate  a  period  during  which  the  units  of  work  will  he 
performed  in  order  not  to  ignore  the  fact  that  the  pay- 
ment for  depreciation  is  made  in  advance  of  the  money 
being  actually  required,  and  therefore  interest  must  accrue. 

Example  of  Lives  and  Caixui.ations  for  Renewals 
AXD  Improve.mexts  Funds  for  Typical  Plant 
Class. 

Table  12  gives  a  detailed  example  of  depreciation 
charges  and  shows  the  provision  for  renewals  fund  based 
upon  the  physical  lives,  and  the  provision  for  improve- 
ments fund  based  upon  the  difference  between  the 
economic  and  physical  lives  for  each  of  the  three  sub- 
classes, k,  B,  and  C,  of  which  the  plant  class  is  composed. 
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Fig.  S. — Renew. ds  and  Improvements  lor  Sub-class  C 
(see  Table  12). 


Fig.  8  shows  tlie  funds  for  sub-class  O  only.  In  this  case 
it  will  cost  more  to  remove  the  worn-out  plant  than  the 
material  is  worth  ;  consequently  the  residual  value  is  a 
minus  quantity.  The  depreciable  amount  is  X5  2  for  both 
the  physical  and  economic  lives.  The  charge  for  renewals  is 
_£jo'2g36  per  annum,  and  for  improvements  it  is  jf'o'iigS  per 
annum.  In  13  years  the  renewals  fund  alone  will  accumu- 
late sufficient  to  replace  the  plant,  but  the  assumption  is 
that  it  will  be  desirable  to  take  the  plant  out  of  commission 
after  10  years'  life,  and  the  improvements  fund  provides 
that  which  tlie  renewals  fund  then  lacks. 
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TaULE    12. 

KCHCUU4,  u'lJ  ImffOPtmtHli  Fundi  /or  one  portiou  or  class  of  a  Complex  I'Uint.    5  per  cent  Sinking  Funds. 
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Summary. 


K^uated  Lift         Rnidaal  Valor         '*a^^*^'' 


Annual  Perccntase  on  Firal  Coit  (5  %  SioUng  Fonda) 


Yean 
43  "9 


Ptr  ctnl 
30-2 


PCTcrnl 
8<)-g 

698 


P.r  wnl 

o.s;"-' 


Impmrcfnt  nts 


0-5939) 


Total 

i'cr  »:col 
1-1711 


Fig.  9  shows  the  funds  of  Ihc  three  sub-classes  together, 
and  in  this  case  the  equated  physical  life  is  43-9  years  and 


100 


S       ID       IS 
Kio.  v.  —  KcncwaU  ai>' 


^26  ^"S      S5      36     40    44 
Year* 

iieiil*  (nr  Complex  Plant 


tiw  equated  economic  life  28-3  ycirt     The  residual  value 
at  Ihc  end  of  the  economic  life  i»  30-2  per  cent,  consider- 


ably higher  than  1  vi  per  cent  at  tiic  cud  of  the  physical 
life.     The  annual  contributions  to  the  funds  arc  :  — 


Renewals  fund 
Iniproveincnis  fund 

Total  for  depreciation 


05772  %  of  first  cost 

05939      •. 

11711 


l»er  ctnl 

1171  I 
6171  I 


The  annual  charges  for  capital  arc  therefore 

Return  on  capital         

Depreciation      

Total  annual  ch.irges  for  capital 

The  provision  in  these  tables  is  sufficient  for  the  renewal 
of  each  part  as  it  becomes  due,  and  nothing  in  the  way  of 
renewals  is  left  to  be  provided  out  of  iiiaintcn.ince. 

CoNSTANr  Maistknaxck  Cost. 

On  page  139  it  was  assumed  that  Ihe  maintenance  cost 
would  Ih:  constant  throughout  Ihc  life  of  the  plant,  and  it 
is  necessary  to  return  to  this  question. 

It  was  shown  in  Tables  lu  and  11  that  the  renewal  of 
each  part,  as  it  is  required  in  its  luin,  is  provided  for  by 
the  fund  established  on  the  b.isis  of  the  equated  physical 
life.  In  the  example  there  given,  Ihe  shortest  life  is  2  years 
and  the  money  neccssaiy  lo  renew  those  parts  is  provided 
for  under  the  mclliod  liliistralcd.  If  any  |x>rtion  had  a  lile 
of  only  one  year,  bv  taking  that  hie  into  Ihc  equated  life, 
provision  for  its  renewal  would  be  asviircil.  It  is  therefore 
clear  that  an  equaled  life  arranged  for  .ill  the  plant  pro- 
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vides  money  for  the  renewal  of  every  part.  The  cost  of 
maintenance  is  the  cost  of  looking  after  the  plant,  keeping 
it  in  running  order,  repairs,  keeping  records  and  inspec- 
tions, but  not  of  making  renewals. 

It  seems  clear  from  this  reasoning  that  there  is  not  much 
room  for  increasing  maintenance  cost.  In  the  case  of 
cables,  for  example,  when  any  part  goes  faulty,  if  it  is  a 
serious  matter  it  requires  the  renewal  of  a  part  of  the 
cable,  and  in  that  way  the  whole  cable  may  be  renewed, 
part  at  a  time,  over  a  period.  But  each  of  these  renewals 
is  provided  for  and  they  do  not  call  for  increased  mainten- 
ance cost.  In  the  same  way,  if  the  equated  life  of  a  dynamo 
includes  the  brushes,  when  these  fail  they  will  be  renewed 
out  of  the  renewals  fund  and  their  renewal  does  not  cause 
any  increase  in  maintenance,  and  if  in  a  boiler  the  firebars 
are  included  in  the  equated  life,  their  renewal  will  not 
cause  any  increase  to  maintenance  cost.  Sometimes  in 
practice  it  is  found  more  convenient  to  charge  .small 
renewals  to  maintenance  rather  than  to  renewals  account, 
but  that  convenience  does  not  affect  the  question  of  fact. 
In  the  case  of  a  structure  where  the  main  cost  is  due  to 
painting,  there  is  an  interval  between  the  times  when 
painting  must  be  done,  but  there  is  no  increasing  fre- 
quency of  painting  as  the  structure  gets  older. 

The  general  idea  of  increased  maintenance  cost  with 
advancing  age  appears  to  have  arisen  out  of  the  fact  that 
provision  has  not  been  contemplated  for  all  renewals  in 
a  depreciation  scheme,  in  which  case  as  the  renewals 
come  due,  of  course  there  will  be  the  increased  cost  due 
to  them.  But  as  in  the  analysis  set  out  herein  all  renewals 
are  included  under  "  renewals,"  it  seems  right  to  say  that 
maintenance  cost  does  not  increase  with  age. 

We  believe  that  constant  maintenance  cost,  if  full  pro- 
vision is  made  for  renewals,  is  a  tenable  assumption. 

In  the  case  of  telephone  plant,  careful  investigation 
failed  altogether  to  detect  any  increase  in  the  cost  of 
maintenance  with  advancing  age,  and  so  far  we  knovi'  of 
no  data  which  has  been  put  forward  showing  increasing 
cost  apart  from  renewals. 

If  one  were  trying  to  make  plant  last  beyond  the  period 
during  which  it  would  give  its  service  satisfactorily,  there 
might  be  such  a  supervision  and  maintenance  cost  as 
would  constitute  an  added  burden,  but  that  reason  cannot 
be  advanced  because  it  would  be  a  contradiction  of  the 
meaning  of  the  term  "  physical  life,"  which  is  limited  to 
the  period  during  which  the  plant  can  perform  its  service 
satisfactorily. 

Some  advocates  of  the  straight  line  method  say  that 
the  interest  on  the  depreciation  fund  is  required  to  oftset 
this  alleged  increasing  charge.  Table  3,  column  G,  shows 
what  the  interest  amounts  to,  and  therefore  indicates  the 
measure,  on  this  reasoning,  of  the  alleged  increased  cost 
of  maintenance. 

This  varies  from  nothing  up  to  £^12  per  annum,  and 
the  present  value  of  the  series  is  _£20'gi.  As  the  present 
value  of  the  19  payments  of  ;£9'58  is  £11577,  it  is  seen  that 
the  interest  is  roughly  equal  to  18  per  cent  of  the  amount 
required  for  both  return  and  depreciation.  If  this  were 
really  the  measure  of  the  case  there  would  be  no  lack  of 
evidence  of  the  cost  of  maintenance  increasing  witli  age. 

If  there  are  cases  of  miinitenance  cost  increasing  with 
age,  this  increasing  cost  must  of  course  be  met,  and  any 
such  cases  will  doubtless  have  well  determined  cost  data, 
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but  the  provision  should  be  made  directly  and  not  in- 
directly. It  would  be  curious  indeed  if  on  all  classes  of 
plant  the  increasing  cost  of  maintenance  were  just  the 
amount  provided  by  interest  at  varying  rates,  compounded 
over  various  periods. 

Assessment  of  Profits. 

The  amount  to  be  charged  to  depreciation,  or  as  we 
prefer  to  put  it,  to  renewals  fund  and  to  improvements 
fund,  before  assessing  the  profits  of  an  undertaking,  is 
the  total  amount  indicated  by  the  portion  of  the  annual 
charges  allotted  to  those  costs.  The  correctness  of  the 
annual  charges  has  already  been  discussed,  and  when 
these  have  been  settled,  then  the  charge  against  the  year's 
income  for  renewals  and  improvements  must  follow  in 
principle  that  settlement,  subject  to  any  alteration  of  fact 
which  later  knowledge  may  have  brought  to  light.  But 
this  does  not  permit  of  any  change  in  the  method. 

If  the  sinking  fund  method  is  correct  for  the  annual 
charges,  it  must  also  be  correct  for  the  year's  accounts  ; 
otherwise,  the  annual  charges  are  not  irue,  and  if  they  are 
not  true,  the  primary  object  of  ascertaining  the  annual 
charges — to  select  plant  wisely — is  vitiated. 

The  accountant  cannot  logically  at  this  stage  question 
the  correctness  of  the  charge,  he  may  honour  the  bill  or 
not,  may  put  away  more  or  less  than  the  correct  sum  as 
given  by  the  annual  charges,  but  this  sum  remains  the 
true  measure  of  the  year's  debit  against  the  undertaking. 

The  accountant  has  a  duty  laid  upon  him  to  insist  on  his 
share  of  the  responsibihty  in  providing  for  depreciation, 
but  he  must  take  up  the  question  at  the  proper  place,  that 
is,  in  consideration  of  the  depreciation  component  of  the  • 
annual  charges. 

In  allowing  for  renewals  and  improvements  when 
ascertaining  the  profits  of  a  business,  the  accountant  is 
likely  to  be  met  with  the  suggestion  that  if  he  puts  away 
the  depreciation  funds  on  a  straight  line  basis,  investing 
them  at  interest  and  crediting  the  interest  actually  earned 
to  the  revenue,  he  will  be  using  a  method  which  gives 
credit  for  the  interest  which  is  in  fact  earned  and  will  be 
charging  a  sum  which  represents  the  real  cost  over  the 
w'hole  period.  This  is  the  method  shown  in  Table  3  and 
Fig.  3,  and  it  is  open  to  the  criticisms  which,  it  has  already 
been  shown,  apply  to  that  method. 

In  addition,  such  a  practice  is  objectionable  in  that  the 
accountant  and  the  engineer  are  using  different  methods 
in  dealing  with  the  same  subject,  and  the  accountant  is 
always  charging  a  sum  known  to  be  incorrect  against  the 
year's  profits,  and  his  only  e.xcuse  would  be  that  it  is  all 
the  same  to  the  funds  in  the  end. 

If  DEPRECi.ixiox  Reserves  .are  Invested  ix  the 
Business. 
Up  to  the  present  one  assumption  has  been  that  the 
capital  account  was  closed  and  therefore  the  reserve  funds 
could  only  be  lent  outside.  But  for  many  purposes  it  is 
more  convenient  to  invest  these  reserves  in  the  business 
itself  rather  than  to  lend  them  outside  and  raise  fresh 
capital  for  the  extension  of  the  business.  There  is  no 
difference  in  principle  whether  the  reserve  be  leni.  outside 
or  invested  in  the  business  ;  in  either  case  the  money  must 
earn  interest  and  the  interest  must  be  credited  to  its  real 
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Conclusions. 

Thcic  is  only  one  common  method  for  the  financier,  the 
accountant,  and  the  engineer.    . 

This  common  method  is  best  studied  in  the  annual 
charges  for  plant,  determined  in  advance  of  construction. 

To  determine  the  amount  in  the  annual  charges  for 
depreciation  it  is  nccessar>'  to  estimate  the  first  cost, 
residual  \-alucs,  and  the  physical  and  economic  lives  of 
the  \-arious  classes  of  plant. 

It  i«  also  necessary  to  fix  the  treatment  of  the  capital 
ace  ta  estimate  the  ch.vge  for  return  on  capital. 

1  !  tu  be  earned  by  the  reserve  funds  must  be 

cri  source. 

'1  -  —  .  L-s  are  preferably  handled  by  means  of  two 
funds  as  follows  : — 

(«i)  A  renewals  fund  for  providing  the  necessary  money 
at  the  end  of  the  physical  life,  that  is,  the  end  of  the  period 
during  which  the  plant  will  give  its  service  satisfactorily 
under  all  conditions  ouhidi  the  owner's  control. 

(^)  .Vn  improvements  fund  for  providing  sufficient  addi- 
tional money  to  cniblc  tlic  plant  to  be  taken  out  of  com- 
mission for  re.  ,  HI  the  owner's  control  and  while  it 
is  still  giving                 ,  satisfactorily. 


•The  calculation  of  the  amounts  to  be  contributed  to 
these  two  funds  must  include  the  interest  which  should 
be  earned  by  the  money  before  it  is  required  at  the  end  of 
the  life. 

The  amount,  calculated  as  above,  which  should  be  in  the 
renewals  fund  gives  tlie  correct  diminution  in  value,  when 
considering  the  value  to  the  owner,  of  the  pkint  in  place 
and  working,  at  any  period  in  its  history. 
'  The  amounts,  calculated  as  above,  which  should  annually 
be  put  to  the  two  funds,  renewals  and  improvements, 
determine  the  correct  depreciation  charge  against  the 
undertaking  for  the  purpose  of  assessing  profits,  fixing 
rates,  and,  under  certain  conditions,  assessing  the  value 
of  an  undertaking  as  a  going  concern. 

'I"hc  sinking  fund  method  fulfils  all  the  requirements. 
The  straight  line  method  does  not. 

All  cslimatcs,  such  as  first  cost,  physical  and  economic 
lives,  and  interest  earned  by  funds,  will  require  revision 
1   from  time  to  time  either  as  a  result  of  experience  or  of 
.    changes  in  conditions. 

I  The  authors  take  this  opportunity  to  acknowledge  the 
;  valuable  assistance  given  by  Mr.  S.  H.  Pook  in  the 
i    preparation  of  the  tables. 


DlSCfSSIOX    HEFORK    Tilt:    iNSTITfTION,    II    Ja.M-.XKY,    I917. 


Sir  Alexander  Kennedy  :  I  propose  to  deal  with  only 
one  or  two  points  in  the  paper,  not  because  I  think  that 
other  points  are  of  no  importance,  but  because  these 
special  points  arc  of  practical  importance  not  only,  I 
expect,  to  myself,  but  also  to  the  greater  number  of  those 
present.  The  question  which  the  authors  liavc  raised  as 
it  applies  to  new  works  starting  to-day,  deciding  ah  inilto 
on  il' plant  and  on  il--  :i!lo\vnnce  for  depreciation,  is  one 
ab  1  will  s;iy  I  propose  to  confine  my 

rc!.  rely  to  uii  ;-  which  arc  already  under 

way  and  which  probably  have  long  ago  adopted  some 
method  of  estimating  depreciation.  In  connection  with 
such  undertakings  two  really  very  different  questions  have 
to  be  considered.  The  first  relates  merely  to  the  kind  of 
provision  which  a  sound  financial  undertaking  ought  to 
make  annually  in  order  that,  when  its  plant  is  worn  out, 
disuwd  or  Mrnppcd.  it  may  be  able  to  renew  such  plant 
wi'  oipilal.     The  second  problem,  and 

tl>'  ijiy  of  us  much  the  more  important, 

is  the  determination  of  the  depreciated  value  of  plant 
which  has  been  used  and  which  has  got  to  be  sold  or 
otherwise  got  rid  of.  I  have  in  mind,  of  course,  the  many 
private  electrical  undertakings  throughout  the  country 
which  arc  working  under  Provisional  Orders  or  Acts  of 
!'•    '  .ind  whicli  must   compuKorily  be   sold   at  a 

c<  What  we   require   to  know  is   what    value 

oi.,  i  our  plant  when   that  date  comes. 

O:  ,  ij-er  IS  s{>cci.illy  useful  to  us. 

to  the  first  point — annual  allowance  for 
d'  i...it  IS  worked  out  in  many  different  ways, 

ID  I  on  the  ktraighl    line   method  or  something 

cl  'i-d  to  it.     Some  undertakings  will  put   by  a 

c  int  every  year,  based  on  some  estimated  life, 

an't  •.>.;, I  Ki-.'  •      •      ■  ■       .,  tiicinsclvcs 


riHi  tiic  ml' 


think  it  IS 


.    better  to  invest  the  money  in  their  own  business^others  Sir  A, 

Kenoed 

prefer  to  have  no  depreciation  account,  but  to  write  down 
I    their  capital  value  every  year.     These  methods  might  be 
discussed  here  for  hours,  and  I  doubt  very  much  whether 
;   at   the   end   one   would  bft   able  to   prove  that  any  one 
j    method  was  distinctly  better  than  all  the  others,  provided 
alw.iys   that  the   amounts    and    conditions   have   been  so 
framed  that   the  financial    result  is  what   is  required.     If 
that  result  is  obtained,  I  do  not  suppose  that  any  under- 
takings whose    position  is    sound   will  agree  to  alter  the 
I    methods  on    which    they    are     now   working,  and   have 
I    probably   been   working    for    many   years.     It  would  be 
practically  impossible  to  change  under  the  circumstances, 
and  it  really  docs  not  matter  very  much,  so  long  as  the 
I    result  is  the  right  one.     Hut  the  second  question,  that  of 
I   estimating  the  depreciation  on  something  that  is  going  to 
[    be   sold    later,  is   another   matter  altogether.      It   is  one 
I    which  affects  us  all,  and  as  to  wliich  no  very  definite  con- 
I   elusions  have   yet   been   reached.      Personally    I   believe 
that  there  is  onlv  one  iiiclhod  which  is  right,  and   I  be- 
lieve that,  substantially,  is  the  method  advocated  by  the 
authors. 

Many  of  us  have  got  to  sell  properly  which  we  now 
possess— that  is,  if  a  buyer  comes  forward  at  the  appointed 
time.  I  do  not  think  it  can  be  said  that  the  sellers  are 
willing  sellers,  and  I  am  not  quite  certain  that  the  buyers 
are  going  to  l>c  willing  buyers  ;  but  anyhow  the  sellers — 
that  is,  ourselves — will  certainly  wish  to  get  the  highest 
value  which  it  i>  fair  that  they  should  get,  and  I  h.ive  not 
the  least  doubt  that  the  buyers  (quite  honestly)  will  wish 
to  give  us  the  very  lowest  value  that  they  can  persuade 
any  tribunal  to  allow  them  to  offer  us.  It  is  important, 
therefore,  that  we  should  know  what  wc  have  a  right  to 
ask.  Hitherto  wc  have  only  the  experience  of  the  sale 
of  tramway  undei  takings,  and  in  those   undertakings   the 
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straight  line  method  has  been  adopted  practically  univer- 
sally. It  is  one  of  the  many  objects  of  this  paper  to  show- 
how  very  unfairly  this  method  deals  with  the  seller, 
especially  in  the  case  of  a  forced  sale  of  plant  which  has 
worked  for  a  number  of  years,  but  is  still  within  its 
physical  life.  I  cannot  suppose  that  anyone  who  has  con- 
sidered the  matter  seriously  could  ever  take  the  straight 
line  method  as  anything  more  than  a  crude  convention. 
It  has,  so  far  as  I  know,  no  scientific  basis.  It  enables  us 
to  do  without  a  table  of  logarithms,  it  even  enables  us 
(sometimes)  to  do  without  a  slide  rule,  and  it  enables  us,  or 
rather  compels  us,  to  leave  out  of  account  all  financial 
calculations  whatever  !  But,  after  all,  we  are  dealing  with 
figures  and  with  money  values,  and  it  is  no  use  to  have  a 
method  which  neglects  the  most  essential  considerations 
connected  with  the  very  thing  that  we  are  dealing  with, 
because  they  happen  to  be  complicated  or  difficult  to 
understand.  It  is  said  in  the  paper  that  the  strong  point 
of  the  straight  line  method  is  the  catch  phrase — "  half 
life,  half  value."  But  it  does  not  in  the  least  follow,  how- 
ever, that  at  half  life  a  thing  has  half  value  ;  it  may  be  only 
one-quarter  value,  it  may  be  three-quarters  value.  I  have 
heard  the  phrase  used  over  and  over  again  in  a  parrot-like 
way,  but  it  is  a  statement  that  needs  proof,  not  mere 
assertion. 

I  think  that  in  Tables  8  and  9  the  authors  have  put 
the  matter  very  clearly  from  the  point  of  view  from 
vJhich  I  am  speaking,  that  is  to  say,  the  point  of  view  of 
estimating  the  value  of  depreciated  and  used  plant  at  the 
time  of  sale.  I  think  they  have  shown  that  the  sinking 
fund  method  is  one  which  is  fair  to  all  parties  ;  and  if  that 
is  so — as  I  believe — I  trust  there  may  be  a  general 
consensus  of  opinion  expressed  among  engineers  to  that 
effect,  and  that  the  matter  may  be  seriously  taken  up  and 
dealt  with  from  that  point  of  view,  because  it  is  going  to 
affect  us  very  greatly  indeed  later  on.  There  is  only  one 
figure  in  the  tables  which  I  venture  to  think  is  a  little  mis- 
leading. Column  M  of  Table  9  is  headed  :  "Average  per  cent 
return  on  capital,"  and  it  will  be  seen  that  to  the  fourth 
owner  this  represents  84'46  percent,  whereas  in  the  case  of 
Table  8  he  only  gets  5  per  cent.  But  that  is  not  really 
a  percentage  return  on  capital  ;  it  is  a  kind  of  comparative 
figure,  because  it  has  taken  into  account  the  £47  which 
ought  to  have  been  paid  but  was  not — at  least,  that  is  how 
I  read  it.  The  point  that  I  am  trying  to  make,  however,  is 
not  affected  by  this  percentage  in  any  way.  It  becomes 
quite  clear  from  the  figures  in  columns  B  and  H.  The 
purchaser  at  17  years  pays  ;£37'28  on  the  straight  line 
table,  ;^i5i'42  on  the  sinking  fund  table  ;  the  former  amount 
is  only  72-6  per  cent  of  the  latter.  At  25  years  the  ratio  is 
only  6r4  per  cent,  or  if  the  scrap  value  be  taken  into 
account  only  51  per  cent.  It  is  obvious  from  these  figures 
that  if  the  sinking  fund  method  is  the  right  method  of 
estimating  the  value  of  plant  after  it  has  been  used  for 
a  considerable  number  of  years,  it  is  very  important  that 
we  should  get  the  method  clearly  defined  first  in  our  own 
minds  and  afterwards  in  the  minds  of  those  who  have  to 
decide  what  we  shall  get  paid. 

In  the  third  paragraph  on  page  148  there  is  an  answer  to 
an  objection  which  I  have  very  often  heard  made,  namely 
that  the  proportion  of  the  annual  charge  allocated  to 
renewals  becomes  larger  each  year.  The  authors  point 
out   that   "  that   increase   is   exactly   counterbalanced  by 


the    reduction    of    the    charge   in   respect   of   return   on  ^l^^^^^ 

capital,"   so   that   that   is    not    any    serious    objection    at 

all. 

I  will  only  deal  with  one  other  point,  which  is 
referred  to  at  the  bottom  of  the  first  column  on 
page  151.  It  refers  to  quite  a  different  matter,  and 
it  raises  at  onge  the  question  of  what  we  mean  by 
"  life."  As  the  authors  say,  whatever  system  of  depreciation 
we  use  we  have  got  to  estimate  the  life  to  begin  with. 
The  question  is  :  What  do  we  mean  by  "life  "  ?  If  we 
take  a  new  steam  turbine,  put  it  in  a  cupboard  and  leave 
it  there  for  25  years,  it  has  suffered  no  depreciation  at  all, 
at  least  no  depreciation  due  to  any  of  the  usual  causes. 
Therefore  clearly  the  "life"  of  a  thing  which  is  never 
used  at  all  is  unlimited.  I  mean  the  life  in  the  sense  in 
wliich  we  arc  using  the  word— the  life  which  is  affected 
in  some  way  or  other,  and  reduced,  by  what  is  commonly 
called  "wear  and  tear."  So  that  "life"  cannot  mean 
merely  years.  That  is  the  point  which  I  want  to  make. 
By  simply  putting  a  thing  away  somewhere  or  other  and 
never  using  it,  its  life  becomes  unlimited — it  goes  on  for  any 
number  of  years.  When  we  say  that  the  life  of  something 
is  25  years,  we  must  therefore  have  some  kind  and  amount 
of  actual  usage  in  view  during  those  25  years.  I  think  it 
may  be  said  that  we  have  in  view  something  in  the  nature 
of  a  25  per  cent  load  factor.  Therefore  in  the  case  of 
plant  which  is  used,  as  some  plant  is  being  used  to-day,  on 
a  load  factor  of  50,  60,  or  65  per  cent,  it  is  only  reasonably 
fair  to  say  that  the  life  of  that  plant  is  less  than  the  life 
which  we  should  give  to  the  normal  plant  doing  about 
half  as  much  work  in  the  same  time.  This  point  is,  of 
course,  quite  different  from  the  depreciation  question.  Its 
importance  arises  in  connection  with  the  allowances  for 
depreciation  in  assessment  for  income  tax,  especially  in 
undertakings  with  plant  that  is  being  very  heavily  worked. 
The  point  is  alluded  to  by  the  authors  on  page  151,  where 
they  say  that  "such  things  do  not  wear  out  by  the  passage 
of  time,  but  by  the  work  which  is  done  by  them,  and  it 
would  be  wrong  to  estimate  the  life  of  such  a  thing  merely 
in  years  irrespective  of  work."  The  point  is  one  which 
some  of  us  in  this  country  must  look  at  very  carefully  in 
these  days  of  heavy  income  tax,  for  it  may  make  a  very 
considerable  difference  to  our  accounts,  and  I  am  very 
glad  that  the  authors  have  raised  it  so  clearly. 

Mr.  T.  S.  HiGHFiELD  :  If  we  bear  in  mind  that  in  ordinary  Mr 
electric  supply  undertakings  for  every  ;^"ioo  of  capital  the 
revenue  amounts  to,  say,  ;£i2  to  £15,  and  that  out  of  that 
revenue  something  like  £2  to  £2  has  to  be  provided  for 
depreciation,  the  importance  of  the  subject  raised  by  the 
authors  is  manifest.  Sir  Alexander  Kennedy  has  referred 
to  the  advantage  of  the  straight  line  law  from  the  accoun- 
tant's point  of  view.  He  rather  indicated,  I  think,  that  the 
sinking  fund  method  involved  the  use  of  a  slide  rule  and  a 
table  of  logarithms.  The  accountant  usually  prefers  the 
straight  line  method  as  it  simplifies  calculation.  The  im- 
portant matter  is  to  make  sure  that,  by  the  time  renewal  is 
required,  the  sum  of  money  set  aside  will  be  adequate  to 
meet  the  cost.  1  do  not,  however,  propose  to  discuss  the 
relative  advantages  of  the  two  methods,  because  the  authors, 
have  so  ably  handled  the  matter  in  the  paper.  The  authors 
suggest  that  there  is  generally  a  difference  of  opinion  be- 
tween engineers  and  accountants  on  this  subject  of  depre- 
ciation, and  I  should  like  to  refer  to  what  I  think  are  the 
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Mr.  causes  of  this  difference.    The  engineer  is  generally  think- 

"^►^  ing  of  the  plant  and  its  efficiency,  whereas  the  accountant's 
interest  is  mainly  in  the  cfliciency  of  c-.ich  sovereign  invested 
in  the  business.  The  plant  is  only  a  means  to  an  end, 
the  end  beinjj  to  obtain  the  maximum  yield  with  security 
for  the  money  invested  in  the  business.  The  object  of 
any  business  is,  having  provided  the  consumer  with  what 
he  wants  to  consume,  to  make  a  sufilicicnt  profit  and 
to  provide  adequate  security  that  that  profit  shall  be 
continued.  The  greater  tlie  security  the  smaller  the 
profit.  On  the  other  hand,  the  greater  tlic  risk  of  loss 
the  larger  the  profit  looked  for.  An  investment  business 
offers  a  comparativelv  simple  problem  as  compared  with  a 
manufacturing  or  other  business  involving  the  use  of  plant. 
In  an  investment  business,  all  that  is  necessary  in  making 
the  investment,  which  may  be  in  an  engineering  under- 
taking, is  to  make  sure  of  the  return  and  preferably  of  a 
continuing  return.  It  will  be  found  th.it  every  sound  in- 
vestment business  applies  a  sinking  fund  or  a  depreciation 
fund  in  order  that,  as  its  assets  become  less  valuable,  the 
reserve  fund  or  depreciation  fund  shall  he  sufliciently  large 
to  repl.ace  them.  That  is  purely  a  matter  of  thinking  of  the 
efficiency  of  the  sovereign.  Most  persons  interested  in 
investment  business  invest  their  money  in  other  business 
that  frequently  involves  engineering  skill.  The  reason  they 
provide  a  reserve  is  partly  because  experience  shows  that 
the  reserve  set  aside  by  the  business  in  which  they  have 
invested  their  money  is  not  always  adequate  ;  so  that  we 
get  one  depreciation  fund  created  by  the  engineering 
business  and  a  second  depreciation  fund  by  the  investment 
business.  I  think  the  authors  have  made  a  most  useful 
sub-division  of  the  amounts  put  aside  out  of  income  to 
preserve  the  profits,  by  dividing  them  first  of  all  into  pro- 
vision for  the  diminution  of  the  value  of  the  plant  and 
secondly  for  the  improvement  of  the  plant.  The  first  is  a 
matter  which  chiefly  concerns  the  engineer.  The  second 
one  concerns  the  people  responsible  for  the  business 
management.  The  first  relates  mainly  to  the  preservation 
of  the  engineering  assets — buildings,  plant,  cables,  and  so 
on.  The  second  relates  to  improvements  in  the  profit- 
earning  cap.icity  of  the  plant  in  regard  to  its  efficiency  or 
magnitude,  or  to  the  necessity  of  improving  the  plant  in 
order  to  meet  direct  oi  indirect  competition.  I  venture  to 
sutxlividc  the  two  items  with  the  idea  of  making  the  argu- 
ment clearer  : — 

(1)  The  minor  repairs  carried  out  day  by  d.iy  or  month 

by  month. 

(2)  Extraordinary  repairs  carried  out  at  longer  intervals, 

iuch  as  the  renewal  of  battery  plates,  boiler  tubes 
and  the  like. 
())  The  repairs,  which  in  this  case  may  be  called  replace- 
ments, wilijeh  occur  at  much  longer  intervals,  such 
a>  the  replacement  of  boiler  drums,  tramway  poles, 
and  other  renewals  taking  place  over  periods  of 
JO  years  and  upw.irds.  It  is  a  comparatively 
Mmple  matter  for  an  engineer  to  decide  what 
amountk  will  be  required  and  at  what  intervals  in 
order  to  meet  these  expenses. 

The   controveriv   between    the    engineer   and    the    ac- 

t'  iv,   I   think,  through   making  up  the 

»"  "I  with  tliPM;  proper  plant  renewals 


and    the    second    set    of    items    called    by   the    authors  **'■ 
improvements.      These  arc  as  follows  : — 

(1)  Provision   for   installing  more  economical   plant  to 

enable   a   I.irger    profit    to    be    m.ide.      In    most 

engineering  plants,  and  particularly  in   electrical 

and    steam    plants,   the   chances   of    further    im- 

I  provcment   are,  I    think,    vcrv   large,  so   th.it   an 

I  adequate  sum  is  necessary  for  this  purpose. 

(2)  The  replacement  of  existing  plant  by  larger  plant. 

Some  provision  should  be  in.-idc,  but  the  provision 
is  rather  of  the  nature  of  capital  expenditure.  It 
is  a  complicated  matter  and  leads  to  great  differ- 
ences of  opinion  as  to  how  far  the  expenditure  is 
capital  and  how  far  it  should  be  met  out  of  revenue. 

Take  the  case  of  an  old  steam  engine  or  old  plant  in 
existing  buildings.  The  engineer  knows  that  he  can 
replace  that  old  engine  by  a  more  modern  one  using 
perhaps  only  half  the  amount  of  steam.  That  will  enable 
the  existing  boilers  to  do  double  the  amount  of  work  and 
the  existing  buildings  and  land  to  be  twice  as  advan- 
tageous-. The  accountant  very  often  says,  "  It  is  all  very 
well  to  take  out  this  plant  which  is  an  asset.  If  I  keep  it 
it  is  of  some  value  ;  if  I  give  it  away  it  is  not."  Con- 
sequently, the  engineer  is  forced  by  the  accountant  to 
keep  the  old  plant  and  is  persuaded  to  put  up  a  larger 
plant  alongside  tlie  smaller  one,  the  result  being  much  less 
satisfactory  from  every  point  of  view. 

(3)  Provision  for  exchanging  old  for  new  plant  in  order 

to  meet  competition  brought  about  by  rivals  cm- 
ploying  the  latest  methods. 

The  money  set  aside  for  this  purpose  is  rather  of  the 
nature  of  an  insurance  fund.  I  think  that  if  the  true 
bearing  of  the  authors'  suggested  subdivision  is  kept  in 
mind,  the  ascertainment  of  the  proper  sums  for  depre- 
ciation becomes  more  simple,  and  I  have  found  that 
considering  matters  under  the  further  subdivision  set  out 
above  clarifies  one's  ideas.  Gener.illy  speaking,  it  is 
necessary  that  any  business  should  grow.  It  is  very 
difficult  to  maintain  a  stagnant  business  in  a  healthy 
state,  and  for  this  purpose,  apart  from  the  amount  set 
.isidc  for  renewals  and  depreciation  generally,  it  is  very 
necessary  so  to  manage  the  finance  thai  the  cash  position 
is  healthy,  so  that  at  any  time  additional  money  can  be 
found  to  take  advantage  of  every  opportunity  that  occurs. 
For  this  reason  it  is  useful  to  invest  a  sufficient  sum  of 
money  outside  the  business  in  liquid  securities.  There  is 
only  one  other  thing  that  1  desire  to  mention,  namely,  the 
purchase  of  existing  undertakings.  I  have  known  ol  .several 
cases— there  is  the  well-known  cave  of  tlie  National  Tele- 
phone Company,  and  there  are  others — of  the  puicli.ase  of 
undertakings,  and,  so  far  as  I  have  seen,  the  purchase  and 
transfer  of  undertakings  from  one  authority  to  another 
usually  results  in  loss  to  l>oth  sides,  and  to  the  public.  I 
hope  that  long  before  1931  Sir  Alcxatulcr  Kennedy,  instead 
of  having  to  take  thought,  as  he  has  told  us,  of  the  .amounts 
i  he  can  obtain  for  the  electricity  siipplv  undertakings  in 
I  which  he  is  interested,  will  be  able  to  give  his  mind  to  the 
moic  cheerful  ipiestion  as  to  how  the  business  can  be 
carried  on.  I  hope  that  there  will  be  a  change  in  the  law 
'    in  regard  to  the  purchase  of  undertakings,  so  that  we  shall 
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have  to  consider  how  best  to  enlarge  and  make  them  more 
'''^'      prosperous,  rather  than  at  what  price  we  can  sell  them. 

Mr.  J.  Swinburne  :  One  of  the  most  important  points  in 
""^-  the  paper  is  the  attack  on  the  straight  line  law.  To  get 
this  point  apart  from  the  idiosyncrasies  of  the  particular 
plant  in  question,  let  us  take  the  case  of  A  and  B  %vith 
;^i,ooo  each.  A  puts  his  into  a  commercial  bank  which, 
for  example,  pays  5  per  cent  compound  interest  yearly. 
At  the  end  of  10  years  he  has  his  ;^i,ooo,  plus  ;£5oo  simple 
interest  at  5  per  cent,  plus  ^izg'Sg  interest  on  the  interest ; 
total  ;£"i,628'89.  At  the  end  of  20  years  he  has  his  £1,000, 
plus  ;£i,ooo  simple  interest,  plus  X653'3  interest  on  in- 
terest ;  total  1^2,653-3.  B  pays  i"i,ooo  for  20  years'  lease 
of  a  building  which  is  kept  up  by  the  landlord,  and  from 
which  he  makes  profits  which  give  him  the  same  sum, 
£2,6s3'3,  at  the  end  of  20  years.  It  must  therefore  pay 
him  5  per  cent  profit,  which  he  reinvests,  or  puts  into  the 


Fig.  A. 

bank,  where  it  makes  interest  on  its  own  account.  It 
must  also  pay  him  enough  to  refund  his  Xi.ooo.  If  it 
gives  5  per  cent  extra,  this  would  give  him  more  than 
;£i,ooo,  as  he  could  re-invest  or  deposit  this.  It  therefore 
provides  5  per  cent  interest  and  3'024  per  cent  sinking 
fund.  At  the  end  of  20  years  B  therefore  also  has  £2,6s,y2> 
made  up  of  £6o4'8  (being  3'o24  per  cent  for  20  years), 
£'i9S'2  accumulated  interest  on  this,  ;£i,ooo  by  5  per  cent 
for  20  years,  and  £'653'3  accumulated  interest  on  the  last. 
Suppose  A  and  B  change  places  at  the  end  of  10  years.  A 
has  £i,628'89  in  his  bank.  B  has  £302-4  (3'024  per  cent 
for  10  years) ;  £78'6  accumulated  interest  on  this  ;  £628'89 
made  up  of  5  per  cent  and  interest  on  it  ;  total  £i,oo9'89 
or  £621  less  than  A  ;  and  the  remainder  of  his  lease.  A 
therefore  pays  not  £500,  but  £621  for  the  lease  ;  and 
B  now  has  £1,628-89  '"  the  bank,  which  increases  to 
£2,6533  during  the  next  10  years.  A  is  in  exactly  the 
same  position  as  B  was,  and  has  finally  £1,62889.  If  A 
paid  only  £500  according  to  the  straight  line  law,  he 
would  have  more  than  his  share  at  the  end  of  20  years  and 
B  would  have  less.      In   the   diagram   (Fig.  A),  A   starts 


with  £1,000,  represented  by  the  line  C  D.     At  the  end  of  Mr. 

10  years  he  has  his  £1,000  (E  F),  his  simple  interest  F  G,    '"°  """^' 

and  his  compound  interest  on  that  G  H.     At   the  end  of 

20  years  he  has  his  capital  K  L,  his  interest  L  M,  and  his 

compound  interest  on  that  M  \  ;  total  K  N.     B  starts  with 

a  lease  value  C  D.     At  the  end  of  10  years  he  has  sinking 

fund   for   10    years   E  O,  compound   interest   on   it   O  P, 

5  per  cent  for  10  years  FG,  and  compound  interest  on  it 

G  H.     He  thus  has  E  P  and  F  H  in  the  bank,  and  PF  is 

the  value  of  the  lease,  not  Q  F  as  the  ordinary  straight  line 

gives,  or  O  F  as  a  sinking  fund-rate  straight  line  would 

give  it. 

Mr.  J.  E.  Kingsbury  :  I  approach  this  paper  as  a  student,  Mr. 
and  the  impression  which  I  receive  is  that  the  element  of  '"^^  "^' 
depreciation  has  somehow  blundered  into  the  scheme 
of  engineering  enterprises  and  that  some  method  of  pro- 
viding for  it  has  gradually  been  evolved — I  will  not  say 
by  any  rule-of-thumb  method  but  in  a  rough-and-ready 
way  which  has  no  basis  of  investigation,  thought,  or  science 
attached  to  it.  That  method  has  been  adopted  in  practice 
and,  like  a  "  custom  of  the  trade,"  has  acquired  more  or 
;  less  of  a  legal  status.  It  appears  to  me  that  if  the  method 
I  in  ordinary  use  is  inaccurate  and  unscientific,  engineers, 
[  who  are  able  to  give  the  subject  thought  and  considera- 
tion, ought  to  discover  a  better  basis.  The  importance  of 
depreciation  has  been  referred  to,  and,  as  the  authors  have 
told  us,  is  generally  recognized  by  those  who  are  respon- 
sible, but  it  is  apparent  that  electrical  enterprises  are 
to-day  suffering  from  the  lack  of  knowledge  of  the  neces- 
sity of  depreciation  amongst  wider  areas.  The  consumer 
is  always  ready  to  say  about  the  capitalists  that  their  capital 
earns  interest  while  they  sleep  ;  but  the  ordinary  member 
of  the  public  is  by  no  means  ready  to  recognize  that  the 
material  which  the  capital  buys  is  dying  also  whilst  they 
sleep.  The  result  of  it  is  that  the  lack  of  knowledge  in 
regard  to  depreciation  has  given  rise  to  difiiculties  which 
most  of  us  are  suffering  from  to-day  in  one  way  or  another. 
A  subscriber  to  a  telephone  company  for  instance  thinks 
he  is  overcharged  because  some  other  subscriber  to  some 
other  company  in  some  other  place  at  some  other  time  was 
charged  upon  a  basis  which  omitted  the  really  important 
'  element  of  depreciation.  When  a  paper  like  this  comes 
before  us  with  a  mass  of  detail,  with  a  logical  method  of 
reasoning  and  with  conclusions  which,  as  a  student,  seem 
to  me  to  be  sound,  I  think  it  behoves  us  to  endeavour 
to  reach  a  conclusion  which  will  show  that  engineers 
recognize  the  necessity  of  accuracy  and  method,  and  that 
I  think  will  serve  in  some  respects  to  make  more  wide- 
spread the  recognition  of  depreciation.  If  one  man,  for  a 
purpose  of  his  own,  or  because  he  gets  a  little  more  margin, 
has  a  preference  for  any  one  method,  I  feel  that  he  should 
get  the  margin,  if  he  wants  it,  in  some  other  way.  The 
first  thing  that  is  essential  in  every  engineering  enterprise 
is  accuracy  and  reliability  ;  but  if  this  important  question 
of  depreciation  is  going  to  be  dealt  w'ith  not  only  as  a 
whole  but  in  all  its  details  on  matters  of  opinion,  how  can 
we  ever  expect  to  reach  a  proper  solution  in  regard  to  the 
relation  of  values  at  all  ?  And  if  there  is  a  method  which 
will  put  the  capitalist  and  the  engineer  in  a  position  to 
estimate  with  accuracy  the  value  of  a  plant  and  the  proba- 
bilities of  its  useful  life,  why  should  not  we  use  the  method  ? 

Mr.  E.  S.  BvNG  :  The  lives  of  plant  apparently  have  a  Mr-  Byog- 
most  important  bearing  on  depreciation  charges  and,  con- 
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y,.  Bn«.  »*quently,  on  the  annual  charges,  for  any  type  of  con- 
struction, and  in  the  case  of  wood  ground  poles  we  arc 
shown   in    Ki>;.  7  how  the  phj'sical  life  is  obtained  from 

a\ .    -  •        ■  10,000  poles  which  had  been  recovered  ; 

p  : ,  such  records  arc  not  available  in  some 

c  ■  lions  maybe    entirely 

d':  ■     iTc  a  type  of  plant  is 

C'  're  like  to  ask  how  a 

fii  imccs  which  would  be 

i\  iid  until  reliable  data  have  been  obtained. 

Tl.-    , IT   depreciation   by  two   separate   funds, 

termed  by  the  authors  the  renewals  and  the  improvements 
funds,  is  most  inlerestinR.  but  it  would  appc.ir  that  this 


necessary  marketing  have  been  deducted.  If  we  consider  Mr,  B; 
the  position  prior  to  the  economic  life  being  reached — say 
at  10  years — and  assuming  the  first  cost  to  be  j^ioo,  there 
is  an  amount  of  £2^  in  the  renewals  fund  and  the  value  of 
the  plant  in  pl.icc  is  ;£"75.  If  the  plant  be  recovered  at 
this  date  the  v.ilue  of  recoveries  would  represent  £^y,  thus 
incurring  a  net  wastage  of  ^'48.  When  considering  the 
advisability  of  recovering  plant  at  this  period  it  is  under- 
stood that  the  amount  which  has  accumulated  in  the 
improveiiunts  fund,  i.e.  ;£io,  cannot  be  taken  into  con- 
sideration although  it  was  for  this  purpose  that  the  fund 
was  created.  The  distinction  between  renewals  and  im- 
provements  gives  tlie  value   of   plant   in  place  a  higher 
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affect  the  calculation  of  the  "  value  of  plant  in  place  " 

ly  when  de.ihng  with 

pl:lilt.      I    have  pre- 

iinder  considcr- 

,  ires  given  by  the 

>l  life  of  25  years  and  an  economic 

f  I  IS  baM:d  on  the  assumption  that 

invested  annually  and  accumulated 

>  that  the  original  value  of  the  plant 

I   of   it^   phvMcal   life.     Curve   2    is 

■     oiint    of    £285  being 

'■.  the   total   of  £Hy  at 

|^    rill    asMiiiied   value    for    the 

the   cost    of    recovery  and    the 


figure  than  heretofore,  as  only  Curve  2  (total  deprecia- 
tion) was  previously  considered.  At  tlic  expiration  of  the 
economic  life  the  amounts  in  the  lenew.ils  and  improve- 
ments funds  are  £6}  and  £2.\  respectively,  which  together 
with  the  £1^  for  recoveries  make  up  the  total  capital  ; 
theoretically  there  is  no  loss  to  the  aclminislration  if  plant 
be  recovered  at  this  date,  but  so  far  as  the  comparative 
estimates  are  concerned  a  wastage  of  £24  must  be  taken 
into  consideration.  It  would  seem  th.it  the  charge  for 
improvcnicMls  is  not  continur<l  iK-ynnd  the  ccononin:  life 
of  the  plant,  but  it  i-  submilled  if  it  is  not  necessary  to 
recover  the  plant  fur  causes  within  the  owner's  control 
before  the  leimin.ilKin  of  its  phvsical  life  the  same  annual 
charges  fixed  for  thai  class  of  pl.inl  shnulit  he  continued 
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throughout.  If  the  plant  be  recovered  at  the  25-year 
period  the  amount  in  the  renewals  fund  has  matured  to  its 
maximum  amount  of  £798  which,  after  adding  £2  for 
recoveries,  was  required  to  make  up  the  total  capital, 
and  the  amount  of  £38  in  the  improvements  fund  is  then 
an  asset  not  required  in  this  case,  but  can  be  used  to 
offset  losses  incurred  through  recovering  plant  prior  to  the 
economic  period.  Presumably,  the  economic  life  for  any 
class  of  plant  can  be  adjusted  in  course  of  time  as  dictated 
by  the  financial  condition  of  the  improvements  fund.  In 
order  that  those  who  are  not  actually  engaged  in  the  study 
of  economics,  as  affecting  the  design  of  plant,  may  realize 
what  part  depreciation  really  does  play  in  determining  the 
"  value  of  plant  in  place  "  and  the  consequent  wastage  due 
to  recovery  before  the  plant  has  served  the  life  for  which 
it  was  designed,  the  accompanying  table  illustrates  an  ele- 
mentary but  typical  proposition  frequently  encountered  by 
telephone  engineers.  The  underlying  principles,  however, 
are  common  to  all  classes  of  engineering  and  will  probably 
give  a  general  idea  of  the  manner  in  which  studies  of  this 
description  are  scientifically  tackled  before  any  decision  is 
reached.  The  question  is  whether  existing  plant  should 
be  scrapped  where  this  has  only  been  in  use  for  a  portion 
of  its  normal  life  in  order  to  meet  the  anticipated  future 
development.  The  same  figures  for  obtaining  the  wastage 
are  used  as  in  Fig.  B  and  show  a  loss  of  £288  ;  to  this 
is  also  added  an  amount  required  for  the  re-arrange- 
ment of  existing  circuits,  i.e.  transferring  from  old 
to  new  cable,  seeing  that  this  is  consequent  upon  the 
proposed  change  and  is  an  irrecoverable  loss  so  must  be 
taken  into  account.  The  capital  costs  and  annual  charges 
shown  are  hypothetical,  and  it  should  be  noted  that  the 
latter  cannot  be  added  direct  to  the  wastage  before  the 
present  value  of  the  total  costs  over  some  pre-determined 
period  is  obtained  in  order  to  bring.all  costs  to  a  common 
basis.  In  this  case  15  years  is  taken  and  a  multiplier  of 
io'38  is  therefore  used.  In  the  second  alternative  the 
annual  charges  are  obtained  for  the  existing  pipe  and 
cable  which  are  left  intact,  and  also  for  the  additional 
plant  to  be  laid  ;  by  taking  these  over  the  i5-3'ear  period 
it  will  be  seen  that  there  is  a  net  difference  in  the  total  or 
true  costs  of  £(>og  in  favour  of  the  first  proposal.  This 
demonstrates  the  importance  of  the  point  made  by  the 
authors,  viz.  that  it  is  frequentty  far  more  essential  to  com- 
pare the  annual  charges  over  some  definite  period  than 
even  the  first  costs  when  it  is  desired  to  determine  the 
relative  economy  of  various  types  of  plant.  I  suggest  to 
the  earlier  speaker  who  experienced  difficulty  in  persuad- 
ing the  accountant  it  was  sound  engineering  to  scrap  a 
boiler,  which  was  somewhat  antiquated,  because  it  appeared 
in  the  books  as  an  asset,  that  it  could  have  been  proved 
beyond  dispute  by  similar  reasoning  that  a  considerable 
saving  would  have  been  effected  by  introducing  the  more 
up-to-date  plant.  In  making  comparative  studies  it  is  un- 
necessary to  include  costs  which  are  common  to  both 
proposals,  as  for  example,  the  existing  3-in.  pipe  which 
carries  an  annual  charge  of  £52  in  the  case  under  con- 
sideration, seeing  the  total  difference  would  have  been 
unaltered,  and  further,  by  using  standard  costs  which  are 
derived  from  averages  carefully  compiled  a  large  amount 
of  detail  work  can  be  eliminated  from  these  preliminary 
calculations.  It  should  be  noted  that  when  costs  have  to 
be   considered   over  several  years   a  slight   error   in   the 


annual  charge  may  become  a  serious  item  when  present  Mr.  Byng. 
values  are  obtained,  on  account  of  a  large  multiplying 
factor  being  used,  and  it  therefore  behoves  us  to  see  that 
the  annual  charges  are  founded  on  right  lines.  As  deprecia- 
tion is  a  factor  which  affects  these  charges  to  a  large 
extent,  it  is  somewhat  surprising  that  engineers  have  not 
been  more  concerned  in  the  past  as  to  whether  correct 
figures  and  correct  methods  have  been  adopted,  and  it  is  in 
this  connection  that  we  are  much  indebted  to  the  authors 
for  having  placed  the  whole  of  the  facts  so  logically 
before   us. 


Provision  or  .Additional  Circlit  Capacity   ix   Underground 
TO  Meet  Future  Developsiknt  Require.m:;nts. 

Existing  plant. — One  mile  200-pair  lo-lb.  cable  in  3-in.  c.i.  pipe. 
Additional  capacity  required. — 400-pair  lo-lb. 
Atternatix^es — 
(a)  Withdraw  200-pair  cable  and  pull  in  600-pair  cable. 
(6)  Lay  an  additional  3j-in.  pipe  and  400-pair  c.ible. 
Costs— 

(a)  First  cost  of  2QO-pr.  lo-lb.  cable 

Value  of  cable  in  place  (10  years)  at  75  % 
Value  of  recoveries  less  cost  of  recovery  at  27  % 

.■-  Wastage  due  to  recovery 

Re-arrangement  of  circuits,  etc 

Annual  charges — 6oo-pr.  cable,  .^1,500  at  S  0/0 
,.  ..       — 3-in.  c.i.  pipe,  f.lyi  at  7  "'o  ... 


Cables 


Less 


2oo-pr.  cable,  j^^eoo  at  8  ^,'» 


Total  annual  costs 


.4 

i 

i 

..  600 

=  450 

=  162 

288 

110 

=.  120 

=  52 

— 

172 

= 

4S 

.•.  Present  value  of  A.C.  for  15  years  at  5  %  =  124  x  1038    ...        =      1,287 

Total  cost    £1.685 

(6)  Existing  plant — A.C.  on  200-pr.  cable,  £6co  at  S  %  =  48 

A.C.  on  3-in,  c.i.  pipe,  £730  at  7  %  =  52 

Proposed  plant — A  C.  on  400-pr.  cable.  £900  at  8  %   =  yz 

A.C.  on  3j-in.  c.i.  pipe,  £700  at  7  %  =  49 

±'221 

Present  value  of  .\.C.  for  15  years  at  5  %  =  221  x  10-38    ...        =   £2.204 

Conclusions — 

Balance  in  favour  of  proposal  (rt>         £-609 

Mr.  Aubrey  T.  L.vwrence  :  What  the  tayman  perhaps  ^'^ 
does  not  always  realize  is  that  one  function  of  the  lawyer — 
I  will  not  saj'he  always  fulfils  it — is  to  have  a  logical  mind. 
He  deals  with  all  sorts  of  subjects  which  he  knows  nothing 
about,  and  he  endeavours  to  find  out  the  proper  reason  for 
things.  When  I  studied  the  authors'  arguments  on  the 
question  of  depreciation,  it  seemed  to  me  that  there  was 
really  only  one  side  that  had  any  logic  about  it.  If  we  are 
going  to  hoard  our  depreciation  fund  in  a  stocking  there 
may  be  something  to  be  said  for  the  straight  line  method  ; 
but  if  we  adopt  the  common-sense  method  and  make  use 
of  our  depreciation  fund  we  get  some  return  for  it.  That 
return  is  not  taken  into  consideration  at  all,  so  far  as  I  can 
see,  in  the  straight  line  method.  I  have  been  waiting 
to-night  to  hear  some  defence  of  this  method  on  the  lines 
of  the  argument  which  I  listened  to  for  several  days  from 
a  most  able  man.  Sir  John  Simon,  but  I  find  that  no 
practical  man  is  prepared  to  stand  up  here  and  defend  it, 
and  I  am  not  surprised. 

Mr.  W.  R.  Cooper  :  I  hope  the  income  tax  authorities  Mr.  Cooper, 
will  take  notice  of  the  authors'  remarks  and  in  due  course 
allow  depreciation  in  a  way  they  do  not  at  present,  instead 
of  insisting  upon  our  paying  taxes  on  profits  which  are  not 
earned.     There   is  only  one  point   that   I  should  like  to 
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lii.CootoT.  emphasize,  natnclv,  that  I  am  afraid  some  people  may 
be  inclined,  after  reading  this  paper,  to  Ro  on  too  hard- 
and-t.ist  lines.  The  difficulty  is  tliat  we  arc  given  only 
two  points — the  value  at  the  beginning  of  the  plant's  life 
and  at  the  end  of  its  life — and  we  h.ive  to  draw  a  curve 
between  them,  and  of  course  there  arc  inlinite  possibilities 
under  such  circumstances.  Does  the  value  of  the  pLint 
follow  any  one  of  the  possible  curves  ?  Probably  not. 
The  sinking  fund  method  gives  one  of  these  curves.  But 
suppose  the  compound  interest  law  had  not  been  dis- 
covered, the  curve  would  be  different  ;  yet  the  value  of 
the  pKint  would  be  the  same.  That  brings  me  to  what 
seems  to  nic  to  be  the  real  question,  namely,  wh:it  would  a 
fair-minded  buyer  pay  for  the  plant  in  question  ?  Is  the 
asset  really  there  ?  That  means,  if  we  arc  to  be  in  a  sound 
position,  that  we  must  have  a  valu.ition  to  check  the  curve 
from  time  to  time.  One  sees  the  difficulties  that  municipal 
authorities  get  in  occasionally  through  neglecting  a  pre- 
caution of  this  kind.  They  find  that  they  require  new 
plant,  but  do  not  wish  to  take  out  that  which  is  out  of 
date  because  then  there  would  be  no  corresponding  asset 
.■»nd  t)ie  Local  Government  Hoard  would  raise  difficulties. 
.•\«  Mr.  Hightield  said,  the  accountant  comes  .ilong  and 
c  engineer.  Surely  it  is  time  the  engineer  over- 
c  accountant,  had  a  valuation,  and  did  things  in  a 
proper  way.  The  question  is  receiving  a  great  deal  of 
attention  in  the  L'nited  States  from  this  point  of  view. 
The  Joint  Committee  on  Valuation  of  Ohio  Public  Utilities 
considered  all  the  systems  of  depreciation  and  came  to  the 
conclusion  that  the  only  sound  method  was  to  have  a 
\-aluation.''  Of  course,  the  valuation  should  be  a  true  one, 
not  merely  by  some  book  formula.  The  .idvantagc  of  such 
a  method  is  that  it  fakes  account  of  rapid  depreciation,  if 
such  occurs,  and  of  obsolescence.  Mr.  Highficld  also 
referred  to  the  calamity  that  is  expected  in  103 1.  We 
shall  all  agree  that  it  will  be  a  great  calamity  if  it  docs 
come.  Many  changes  of  opinion  .ire  taking  place  at  the 
'ine,  the  near  future  will  show  many  things  in  the 
't.  .ind  surely  by  means  of  orgatii/ation  it  should 
l-t  i  r  the  electrical  supply  companies  to  mould 

pul'.  1  sufticiently  to  avoid  that  calamity. 

Ui  &•■•■  Mr.  t.  Kii.bi'RS'  Scott:  About  eight  years  ago  I  was 

retained  by  an  Australian  municip.ility  in  connection  with 
a  rating  appeal  by  the  local  tramway  and  power  company. 
The  municipality  assumed  the  depreciation  at  certain 
figures,  and  on  the  other  hand  the  company  wished  to 
show  it  was  much  more,  so  as  to  get  their  rates  reduced. 
P.rin(j  a   ,ir.|.l.tnining    centre   a  great   deal  of   gritty  dust 

'1  extra  wear  of  the  rails. 

m  court,  such  as  badly 

worn  rail*  from  the  turnouts,  also  butts  of  poles  eaten  by 

u!iiii    int.,  and  doubtless  these  had  an  effect  on  the  judge, 

of  the  usual  type  with  purely  legal  training  and 

I'  ^     -npression    I   received   was   that   all  ca.ses 

^    of    depreciation    of    m.ichinery    and 

•  .ited    upon  by 

also    that    if 

;c    made    at    ail,    they    should    be 

:  rliiit  in  '■itu  and  not  of  selected 

r    the  other  may  bring  into 

'  '"' ''"-'I  of  arriving  at 


fill.: 


the  Kliiii   l>ul<lic 


"  present  x-alues  "  of  plant,  it  is  easy  to  see  how  it  came  to  Mr  s^ku 
be  used.  Two  parties  agree  on  the  initial  value  of  a  plant, 
'^'*y  .£'.000,  and  thai  its  scrap  value  aflcr  a  certain  number 
of  ye.irs  will  be,  say,  i'loo.  They  now  wish  to  arrive  at 
a  fair  value  for  taking  over  at  an  intervening  year.  The 
owner  will  naturally  want  to  sell  at  a  price  lying  above  the 
straight  line  joining  the  initial  an  scrap  values.  He 
argues  that  the  plant  has  a  higher  value  as  a  going  con- 
cern, especially  during  the  earlier  years,  and  that  the 
depreciation  is  greater  towards  the  end  of  its  useful  life. 
In  other  words,  he  wishes  to  sell  on  a  "  value  to  owner" 
curve.  On  the  other  hand  the  buyer  will  doubtless  want 
to  purchase  at  a  point  on  a  curve  lying  below  the  straight 
line,  and  which  may  be  called  "  value  to  purchaser"  curve. 
Clearly  the  best  thing  to  do  is  to  compromise  on  a  price 
between  these  two  values,  and  this  will  be  on  the  straight 
line  joining  the  initial  and  scrap  values.  Regarding  what 
should  be  done  with  funds  set  apart  from  year  to  year,  . 
some  maintain  that  the  money  should  be  put  into  a  bank 
or  trustee  stocks  at  a  low  rate  of  interest  so  that  the 
capital  can  be  immediately  realized,  whilst  others  say 
the  money  should  be  invested  in  the  business  itself. 
Generally  speaking,  accountants  insist  on  the  former,  but 
why  should  engineers  and  those  running  electrical 
engineering  undertakings  agree  to  act  as  if  they  were 
executors  anxious  to  escape  financial  risk,  or  elderly 
spinsters  who  must  have  the  money  absolutely  safe  ?  It 
seems  to  me  that  it  would  be  an  excellent  thing  if  some  of 
the  money  were  placed  in  sound  industrial  concerns  which 
.ire  dependent  on  the  electrical  undertakings.  In  a  mining 
area,  for  example,  the  electric  power  company  might  be 
financially  interested  in  collieries  worked  witli  current 
supplied  by  the  company,  and  possibly  also  from  which 
the  company  obtained  its  coal.  Again,  in  Lancashire, 
municipal  electrical  committees  might  place  some  of  the 
money  in  the  debenture  or  preference  shares  of  a  textile 
manufacturing  company  supplied  with  current  from  the 
municipal  electricity  works.  Why  should  not  power 
companies  share  in  the  financial  prosperity  of  the  in- 
dustrial concerns  which  they  enable  to  c.irry  on  success- 
fully by  providing  cheap  power  r  This  is  done  abroad 
through  the  ramifications  of  the  industrial  banks  system, 
and  it  has  also  the  advantage  that  the  suppliers  have  some 
sort  of  control  over  users  of  electricity  ;  I  see  in  it  a  way 
of  helping  the  establishment  of  the  newer  and  very  profit- 
able chemical  industries  in  which  electrical  power  plays  a 
considerable  part.  .Another  point  I  wish  to  make  is  that 
the  cast-iron  melhods  of  writing  off  plant  at  regular  rates 
from  year  to  year,  so  beloved  of  the  accountant,  retard 
engineering  progress.  Who  has  not  seen  old  gcnei.iling 
plant  cutiibering  municipal  power  houses,  which  is  sup- 
posed to  be  stand-by  plant  but  is  there  because  it  stands 
in  the  books  at  a  higher  value  than  it  will  fetch  as  the 
scrap  which  it  really  is  r  In  Austr.tlia  I  once  saw  a  large 
number  of  old  locomotives  standing  in  a  station  yard  and 
found  that  the  reason  they  were  not  broken  up  was 
because  they  still  sto<id  in  the  Government  railway  ttooks 
at  certain  values  and  were  w.iiting  until  the  life  assumed 
had  been  reached.  In  the  meantime  they  were  occupying 
»p4cc  and  rails  quite  uselessly.  Accountants  only  take 
into  consideration  depreciation  on  the  plant  itself  and 
ignore  the  co*t  and  trouble  involved  by  uselessly  occupy- 
ing space.     The  habit  of  scrapping  plant  boldly  and  often 


THE    DEPRECIATION    OF   PLANT  :    DISCUSSION. 


161 


wants  cultivating  in  this  countrj',  and  a  step  in  that  direc- 
tion would  be  to  reduce  the  figures  officially  assumed  for 
useful  lives  of  various  kinds  of  plant.  If  the  plant  has  a 
longer  life,  so  much  the  better,  but  do  not  put  a  brake  on 
progress  by  keeping  plant  standing  idle  in  order  to  fit  in 
with  cast-iron  rules  of  accountants,  councillors,  or  other 
non-technical  people. 

Sir  C.  A.  KiXG  {communicatai)  :  It  may  be  of  interest  to 
the  members  to  know  that  the  Post  Office  in  its  accounts 
on  commercial  lines  adheres  to  the  straight  line  method 
for  two  reasons  ;  (<i)  it  is  the  safer  course,  and  (6)  it  is 
simple. 

Sir  W.  Plexder  {communicated)  :  Where  all  factors 
which  customarily  enter  into  a  calculation  of  depreciation 
can  be  determined  with  reasonable  accuracy,  the  sinking 
fund  or  annuity  methods  advocated  by  the  authors  unques- 
tionably present  distinctive  features  of  great  value  for  the 
accurate  measurement  of  depreciation.  These  conditions 
obtain  in  a  marked  degree  in  the  case  of  leaseholds,  and 
the  practice  is  almost  universal  of  providing  for  deprecia- 
tion of  assets  of  this  character  by  means  of  a  sinking  fund 
or  annuity.  The  practice  is,  however,  different  in  regard 
to  depreciation  of  plant,  the  following  methods  being  most 
frequently  employed  :  [a]  By  charging  against  profits  a 
percentage  on  reducing  book  values.  (6)  By  charging 
against  profits  an  equal  annual  sum  spread  over  the  esti- 
mated life  of  the  asset ;  this  method  is  known  as  the 
straiglit  line  method.  (<)  By  charging  against  profits  all 
expenditure  on  renewals.  The  last  method  (i)  of  meeting 
depreciation  by  charging  all  renewals  against  profits  is  to  a 
great  extent  peculiar  to  large  public  undertakings  such  as 
railways,  docks,  etc.,  and  presumably  was  originally  adopted 
on  the  theory  that  undertakings  of  this  character  have  an 
indefinitely  prolonged  life  and  that  consequently  if  wasting 
assets  be  renewed  from  time  to  time  out  of  revenue,  depre- 
ciation in  the  ordinary  sense  may  be  ignored.  Methods  {a) 
and  {b)  above  represent  commercial  practice,  the  former 
being  more  generally  used  than  the  latler.  Table  i, 
Column  D,  of  the  paper  illustrates  how  method  (a)  oper- 
ates, and  it  will  be  seen  that  the  provision  for  depreciation 
in  the  early  years  is  much  more  generous  than  in  the  later 
years  of  the  life  of  the  plant.  The  general  adoption  of  the 
principle  by  commercial  companies  of  providing  more 
heavily  for  depreciation  in  the  early  years  may  perhaps 
be  traced  largely  to  the  following  considerations  : — (i)  Un- 
certainty in  regard  to  the  economic  life  of  manufacturing 
plant  ;  (2)  anticipated  increase  in  running  and  maintenance 
charges  during  the  later  years  of  life.  In  effect  the  attitude 
taken  up  by  commercial  companies  as  a  whole  towards  the 
question  of  depreciation  is  influenced  more  by  policy  than 
by  a  scientific  assessment  of  the  different  elements  of 
risk ;  the  continuity  of  each  company's  business  is  of 
such  vital  importance  to  the  shareholders  concerned 
that  it  has  been  thought  desirable  to  adopt  methods  of 
dealing  with  depreciation  which  reduce  to  a  minimum  the 
risk  of  loss  arising  from  the  early  obsolescence  of  plant. 
It  might  be  said  that  what  is  recognized  as  a  proper 
method  of  calculating  depreciation  in  the  case  of  lease- 
holds should,  if  fundamentally  sound,  be  equally  applicable 
to  the  case  of  plant ;  but  it  should  be  remembered  that  the 
calculation  of  depreciation  is  at  the  best  an  estimate  into 
which  many  varying  factors  enter,  and  in  the  case  of  a 
commercial  company,  liable  to  close  competition,  it  is  not 


surprising  that  safety  is  looked  upon  as  the  first  considera-  sir  w. 
tion,  and  that  this  principle  has  been  largely  instrumental 
in  determining  the  commercial  practice  in  relation  to  de- 
preciation. In  this  connection  it  is  interesting  to  compare 
the  elements  of  certainty  and  uncertainty  which  enter  into 
a  calculation  of  depreciation  on  a  sinking  fund  basis  in  the 
case  of  (a)  leaseholds,  and  (b)  commercial  plant  : — 


Factors  required 

for  Sinking  Fund 

(a)  Leaseholds 

{b)  Commercial  Plant 

Calculation 

First  cost 

Known 

Known 

Residual  value 

,, 

Can  be  estimated 

Physical  hfe... 

Economic  life 

Uncertain  and  diffi- 
cult    to      estimate 
with     any    degree 
of  accuracy 

Interest    at 

As  sinking  funds  of 

Uncertain  owing  to 

which      fund 

this    character 

are 

variable  net  results 

should  be  ac- 

usually       invested 

of  working 

cumulated 

separately  in  high- 

class  securities 

the 

rate  of  interest 

can 

' 

be   estimated   with 

some      degree 

of 

accuracy 

It  will  be  seen  from  this  illustration  that  whereas  the 
different  elements  required  for  the  calculation  of  deprecia- 
tion on  a  sinking  fund  basis  are  practically  all  known  in  the 
case  of  leaseholds,  several  uncertain  factors,  subject  to  wide 
fluctuation,  enter  into  the  calculation  in  the  case  of  plant. 
Whilst,  therefore,  the  sinking  fund  method  must  be  recog- 
nized as  a  scientific  process  well  adapted  for  assessing  the 
economic  shrinkage  in  value  of  an  asset  under  certain  con- 
ditions, its  application  to  the  case  of  commercial  plant  is 
open  to  criticism  from  the  point  of  view  of  policy  where 
such  plant  is  being  continuously  used  by  the  same  proprietor 
in  the  conduct  of  his  business.  Where,  however,  a  deter- 
mination of  the  value  of  plant,  otherwise  than  by  a  physical 
valuation,  affects  interests  outside  the  comity  of  the  indi- 
vidual company,  such  as  in  the  transfer  of  an  undertaking 
from  one  proprietor  to  another,  questions  of  policy  cease 
to  have  the  same  operative  force,  and  the  sinking  fund 
method  has  distinct  advantages  which  it  might  be  desir- 
able to  utilize  in  assessing  the  amount  of  "  depreciation," 
or,  as  I  would  prefer  to  call  it  for  this  purpose,  the  "  eco- 
nomic shrinkage  in  value."  The  following  simple  example 
will,  I  think,  illustrate  an  anomaly  which  might  result, 
under  certain  stated  conditions,  from  rigidly  applying  the 
straight  line  method  of  calculating  depreciation  to  the 
valuation  of  assets  for  the  purpose  of  a  purchase  and 
sale  : — 

Example.—Two  men,  A  and  B,  have  ^200  each  to 
invest  ;  A  purchases  a  new  taxi-cab  for  £200  :  B  pur- 
chases for  ^^203  two  second-hand  taxi-cabs  costing  origin- 
ally ^200  each,  half  the  estimated  life  having  expired,  on  a 
valuation  based  on  cost  less  depreciation  calculated  on  the 
straight  line  method.  Running  and  repair  costs  for  each 
of  these  cabs  are  assumed  to  be  identical,  as  also  their 
gross  revenue-producing  capacity  ;  the  economic  life   of 


162 


r.lLL   AND   COOK:    PRINCIPLES    INVOLVED    IN    COMPUTING 


c.ich  cab  IS,  say.  lo  years,  and  the  residual  value  (for  sim- 
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It  IS  seen,  under  the  conditions  assumed,  that  B  who 
invests  his  capital  in  second-hand  cabs  valued  on  the  basis 
of  cost,  less  depreciation  on  the  straight  line  method,  is 
enabled  to  earn  twice  the  revenue  which  A  docs  w^ho 
invests  the  same  amount  of  capital  in  a  new  cab.  This 
anomaly  would  not  arise  if  the  sinking;  fund  method  of 
ascertaining  the  "  economic  shrinkage  in  value "  is  em- 
pl  vcd,  provided  a  rate  of  interest  be  taken  for  accumu- 
lating the  fund  equal  to  the  rate  of  profit  which  would  be 
derived  from  an  investment  in  a  new  cab.  It  is,  of  course, 
true  that  the  conditions  assumed  in  the  illustration  arc 
hypothetical  and  might  not  ordinarily  obtain  in  commercial 
practice,  inasmuch  as  a  second-hand  machine  with  half  its 
life  expired  might  not  be  expected  to  be  so  economical  in 
running  and  repair  costs  .as  a  new  and  up-to-date  machine  ; 
if  this  factor  had  to  be  taken  into  account  the  effect  would 
be  to  reduce  somewhat  the  difference  between  the  return 
on  capital  invested  (i.e.  10  per  cent  and  20  per  cent  in  the 
above  example),  but  would  not  affect  tlic  principle.  In  the 
valuation  of  an  undertaking  as  t>ctween  a  willing  buyer 
and  a  willing  seller,  all  questions  of  policy  should  properly 
be  eliminated.  A  purchaser  is  not  entitled  to  reap  the 
fruits  of  a  svstcm  of  account-keeping  which  may  have 
'ic  seller  (and  generally  by  the  com- 
under  circuinslances  and  for  reasons 
rich  obtain  wl,eii  a  change  of 
;  1.     A  calcul.ition  of  deprecia- 

must  take  into  account  all  thcdifTcrcnt 
.;v^l   the  particular  case,  and  a  scientific 
.1  of  the  various  elements  of  risk  should  be  m.ade. 
■  ■     '   V  down  an  absolute  rule  which  can  be 
to  all  cases  of  this  character,  but  if  due 
lo  the  possibility  of  running  and 
..iT  in  the  later  years  of  the  life  of 
I"  be  valued,  I  cnsider  that  the  sink- 
•  .d)ly  advocated  by  the  authors  presents 
on  the  whole,  make  it  preferable  as  a  means 

-  •  ■'■ ^  ■■'■  '•■'<:  economic  shrinkage  in  value  lo  any  of  the 

other  recognised  methods.     In  a  valuation  a»  between  a 
willin-  '  '    ,  willing  seller  the  problem  appears  to 
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'  ,  ;,,,  ||,c  frui),,  of 

1  11^  the  period  of 


lion  for  t 

( .•  '  ■•     •'.  .,, 

its  economic  life.   The  sinking  fund  method  is  well  adapted 
to  give  effect  to  this  principle. 

Mr.  H.  \V.  Has'dcock  (commuincittcd)  :  It  appears  to  be 
necessary  in  the  first  place  lo  consider  exactly  wlut  is 
meant,  or  should  be  meant,  by  the  term  "  depreciation 
fund."  By  this  I  understand  a  fund  of  such  an  amount 
that  if  added  to  the  present  value  ot  the  plant  in  silii  and 
fixed  for  the  business  of  the  undertaking  as  a  going 
concern,  the  whole  should  then  represent  such  a  sum 
as  would  return  to  the  undertakers  the  amount  they  h.ad 
originally  put  into  the  undertaking,  in  the  event  of  their 
being  taken  over  by  another  authority.  The  only  time 
when  the  value  of  any  part  of  a  plant  should  be  considered 
apart  from  its  place  in  the  undertaking,  is  when  that  part 
of  the  plant  has  finished  its  useful  life  or  has  to  be  sold  out 
of  commission  for  some  other  reason.  This  depreciation 
fund  has  to  stand  the  test  from  other  points  of  view  also. 
It  must  represent  a  sufficient  sum  of  money  to  replace  each 
piece  of  plant  when  its  life  is  finished,  and  the  amount  of 
the  depreciation  fund  must  also  be  such  that  in  the  event 
of  the  undertaking  being  taken  over  at  its  then  value,  the 
amount  of  the  fund  will  stand  the  test  of  arbitration  or  the 
law  courts.  Having  regard  to  all  these  tests,  it  would 
appear  that  any  method  of  depreciation,  whether  in  the 
form  of  equal  increment  added  annually,  which  is  practi- 
cally what  mav  be  called  "  the  straight  line  method."  or  of 
a  sinking  fund  or  annunity,  is  but  an  approximation  about 
which  there  is  bound  to  be  argument  when  the  time  comes. 
Of  these  two  systems,  however,  it  is  difficult  to  find  much 
to  commend  the  straight  line  method,  and  obviously  if  the 
straight  line  method  be  right,  then  the  method  adopted 
throughout  the  country  for  rcp.iymcnt  to  sinking  funds 
by  local  authorities  must  be  entirely  wrong.  Incidentally 
it  would  appear,  arising  out  of  this,  that  the  time  has 
arrived  when  the  method  approved  by  the  Local  Govern- 
ment Hoard  for  municipal  undertakings,  and  that  adopted 
by  electric  light  compmies,  whose  accounts  arc  audited  by 
the  Board  of  Trade,  should  be  brought  into  line.  It  is  not 
worth  while  discussing  this  side  issue  at  length  here,  but 
careful  investigation  will  show  that  there  is  considerable 
analogy  between  the  sinking  fund  in  the  one  case  and  the 
depreciation  .account  in  the  other,  more  especially  when 
pl.uil  is  sold  out  of  commission  before  its  life  is  finished. 
If  a  really  equitable  basis  is  to  be  found  in  case  of  com- 
pulsory purchase,  it  is  difficult  to  sec,  however,  how  the 
procedure  of  valuation  on  the  spot  can  be  obviated.  It 
may  be  argfled  that  the  result  of  such  a  valuation  may  be 
an  amouni  smaller  than  that  necessary  to  st.ind  the  tests 
above  referred  to.  Thai  may  be  so,  but  the  obvious 
explanation  is  that  in  such  cases  the  users  have  not  treated 
their  pl.mt  properly  and  therefore  should  suffer  the  penally, 
whatcveril  in.iy  be.  I  cannot  s;iy  that  I  allopethcragree  with 
the  view  thai  a  depreciation  fund  should  also  provide  for 
what  is  called  "  the  improvement  fund."  Taking  the  case 
of  an  electric  light  station  for  inst.iiKe,  the  consumer, 
in  the  amount  he  is  charged,  makes  a  c»nliibulion  low.irds 
the  renewal  of  the  plant  when  it  is  worn  out,  but  if  he  iii 
also  lo  make  contributions  lo  the  improvciticnl  fund,  then 
he  is  helping  to  pay  for  machines  to  he  laid  down  at  a 
fuliirc  dale  and  of  which  future  consumers  will  get  the 
benehl.  The  lesl  as  to  whether  more  efficient  machinery 
should  be  installed  appears  to  be  that  the  new  plant  should, 
out  of  Ihc  economics  cffecled,  pay  not  only  the  outstanding 
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charges,  becoming  due  year  by  year  on  the  machinery  that 
it  replaces,  but  also  the  apportionment  due  to  the  deprecia- 
tion account  arising  out  of  the  installation  of  the  improved 
machinery  itself.  I  am  very  much  afraid  that  the  question 
as  to  what  should  be  set  aside  to  the  sinking  fund,  can 
never  become  an  exact  science  which  will  comply  with  all 
the  tests  above  referred  to,  as  in  the  first  place  the  reason- 
able life  of  machinery  can  only  be  approximated,  obso- 
lescence if  it  is  brought  in — although  I  do  not  agree  that 
that  should  be  the  case — is  an  unknown  quantity,  while 
the  third  unknown  quantity,  on  which  the  Ufa  of  the  plant 
to  a  great  extent  depends,  is  in  the  case  of  an  electric  light 
undertaking  the  development  of  the  district  which  it 
supplies.  At  the  same  time  I  venture  to  think  that  it  is 
highly  desirable  that  some  common  basis  of  agreement 
should  be  arrived  at   between  engineers,  accountants  and 


vijould  be  a  suitable  one  to  adopt  in  the  event  of  a  purchase  Mr. 
as  a  going  concern.  I  quite  recognize  that  both  methods 
of  calculation  are  supported  by  expert  opinion,  and  I  believe 
that  those  who  hold  with  the  straight  line  method  do  so 
because  in  their  opinion  each  year  of  working  reduces  the 
value  of  the  plant  by  that  proportionate  part  of  its  life,  and 
the  money  thus  released  is  a  safeguard  against  unforeseen 
contingencies.  I  cannot  help  thinking,  however,  that  the 
engineer  when  he  prepares  his  estimate  of  the  economic 
life  of  the  plant  makes  an  allowance  for  unforeseen  contin- 
gencies. In  any  case,  the  same  estimate  would  be  used  for 
both  methods.  I  am  unable  to  say  what  the  actual  depre- 
ciation is,  and  when  it  occurs,  but  I  am  assured  by  engineers 
that  the  depreciation  of  the  plant  due  to  wear  and  tear  is 
continuous  throughout  its  economic  life — due  regard  being 
given  to  the  benefits  derived — whilst  the  possibility  of  its 
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lawj'ers,  as  obviously  until  this  is  done  it  becomes  im- 
possible to  do  justice  to  those  whose  interests  depend 
on  their  deliberations,  and  before  long  undertakings  re- 
presenting many  millions  sterling  may  pass  through  their 
hands.  If  the  result  is  unsatisfactory  or  in  any  way  unfair 
the  electrical  industry  generally  maj'  possibly  suffer  a 
.set-back,  similar  to  that  experienced  by  the  tramway  in- 
dustries, due  to  similar  reasons,  among  others. 

Mr.  W.  A.  Pe.\rm.\x  [communkaled) :  This  question  is  of 
the  greatest  importance  to  companies  like  my  own  which 
are  liable  to  purchase  in  1931,  and  I  am  glad  it  has  been 
raised.  My  view  of  the  matter  is  that  after  the  economic 
life  of  the  plant  has  been  carefully  estimated,  a  fund  should 
be  raised  by  equal  annual  instalments,  these  sums  being 
invested  outside  the  business,  and  this  fund,  together  with 
the  residual  value,  should  be  sufficient  to  replace  the 
capital  expended  when  the  end  of  the  economic  life  of  the 
plant  has  been  reached.  I  think  the  sinking  fund  method 
of  doing  this  is  the  better,  as  it  takes  into  account  all  the 
necessary  f.ictors.  It  does  not  necessarily  follow  that  a 
calculation  based  on  any  one  method  for  the  purpose  of 
ascertaining   what    profits   are   available    for   distribution 


becoming  obsolete  increases  with  its  age.  It  would  there- 
fore seem  that  the  sinking  fund  method  meets  these  re- 
quirements, as  although  a  lower  sum  for  depreciation  is 
allowed  in  each  )'ear,  the  accumulated  interest  increases 
each  year.  The  great  objection  to  the  straight  line 
method  is  that  it  takes  no  account  of  the  amounts  allowed 
for  depreciation  earning  any  interest,  and  this  earning 
power  is  a  great  factor  in  determining  the  rate.  It  must, 
however,  be  borne  in  mind  that  the  regular  accumula- 
tion of  a  sinking  fund  is  liable  to  disturbance  from  many 
causes.  The  rate  of  interest  yielded  by  the  securities  in 
which  the  sinking  fund  is  invested  may,  having  regard  to 
the  price  paid  for  their  purchase,  differ  from  the  rate 
assumed  as  the  basis  of  calculation.  Moreover,  there  will 
be  fluctuations  in  the  value  of  these  securities  from  year  to 
year  after  purchase.  A  general  depreciation  in  the  value 
of  securities,  whilst  it  may  reduce  the  total  amount  of  the 
fund  below  its  proper  proportion,  may  not  be  an  unmixed 
evil,  since  it  would  allow  of  investments  being  made  at 
rates  more  remunerative  than  that  assumed  as  the  basis 
of  the  original  calculations.  A  general  appreciation  of 
values   may  also    not  be  an  unmixed   good   for  contrary 
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reasons.  It  would  be  a  prudent  measure  to  test  the  suffi- 
ciency of  the  fund  periodically.  I  have  plotted  in  Fig.  C 
some  figures  (using  5  per  cent  interest)  showing  various 
lives  up  to  40  years,  from  which  one  can  sec  the  result  of 
both  methods  in  any  year.  This  diagram  only  gives  the 
amounts  that  have  been  provided  for  the  actual  deprecia- 
tion, i.e.  the  diflfcrencc  between  the  cost  and  the  residual 
value.  It  will  be  noticed  that  the  longer  the  life,  the  more 
the  difference  is  in  certain  years.  This  makes  the  question 
of  the  method  to  be  adopted  of  very  great  importance  to 
all  electric  lighting  companies  which  arc  liable  to  pur- 
chase. Taking  one  case,  plant  with  an  economic  life  of 
30  years  is  installed  15  years  before  the  date  of  purchase  : 
Cost  £i,»oo  ;  residual  value  £.200.  The  remaining  value 
at  the  date  of  purchase  under  the  two  methods  would  be 
as  follows  : — 


Cort  Wrilltn  OH 

;f3,200  straight  line  £'1,500 

;^3,200  Sinking  fund     £^975 


Rcni.-iininfi  Value 


I  have  given  only  one  instance  but  a  reference  to 
Tables  8  and  g  sh«ws  that  the  buyer  gains  in  every  case 
where  the  straight  line  method  is  used. 
Mr  Proctor.  Mr.  H.  F.  pROCTOR  [iOmmunualetf)  :  I  mot  heartily 
endorse  the  opening  remarks  of  the  authors  to  the  effect 
that  the  subject  of  depreciation  is  regarded  to  a  greater 
degree  than  is  desirable  as  one  for  the  financier  and  the 
accountant  rather  than  for  the  engineer.  But  I  go  still 
further  and  say  it  is  one  almost  entirely  for  the  engineer. 
An  engineer  who  is  not  somewhat  of  a  financier  and 
accountant  is  mostly  a  mechanic  and  only  somewhat  of 
an  engineer.  I  think  it  is  .unfortunate  that  the  authors 
have  not,  as  a  preliminary  to  their  arguments,  set  forth  a 
list  of  broad  principles  to  be  adopted  or  discussed  with 
a  view  to  adoption  when  considering  the  necessary  pro- 
vision thai  should  be  made  for  depreciation,  etc.  Before 
enumerating  some  of  these  principles  I  should  like  to 
enter  my  protest  against  one  or  two  matters  contained  in 
the  paper.  The  authors  complain  on  page  137  (/>)  that  the 
term  "  depreciation  "  is  loosely  employed,  and  immediately 
set  forth  their  meaning  as  covering  "  renewals  "  and  "  im- 
pro\'emcnts." 

(I)  The  term  "renewals"  may  possibly  be  the  correct 
one,  but  its  use  here  is  unfortunate  as  it  is  so  commonly 
applied  to  the  renewals  of  parts  only,  as  distinct  from  the 
replacement  of  the  whole  of  any  particular  machine  or  other 
asset  at  the  end  of  life.  For  example,  the  Board  of  Trade 
Model  Form  of  Accounts  for  Electricity  Works  sets  forth 
m  the  "revenue  account  for  the  year"  several  items  of 
expenditure  to  be  debited  as  "repairs,  maintenance  and 
rcnevaU  "  which  arc  therefore  charged  to  revenue  account 
direct 

<•'  natter  referred  to  under  (2)  in  the  same 

r~'f  1    by   the   authors   "  improvements,"    is 

ally  referred  to  under  the  term  "  obsolcs- 

•       '■•'•  I  contend  that  neither  "  improvements"  nor 

"  obiolcv;cncc "   should   or  can    properly   be   dealt   with 
under  the  heading  of  depreciation. 

A  (cw  of  the  matters  for  considcralion  and  broad  prin- 

<-s  of  calculating  the 

i.kIc  for  depreciation 

remark!  referred  to  as  "  The 


A.  The  lives  of  aisels  under  normal  conditioin.  Mr.  Ptoci 
(1I  Assets,  the  first  cost  of  which,  together  with  their 

maintenance  in  perpetuity,  is  provided  out  of  revenue 
(direct),  may  for  the  purposes  of  this  subject  be  considered 
as  having  everlasting  life  ;  there  is  therefore  no  necessity 
to  provide  for  their  rcplaccmemcnt  by  way  of  "  The 
Funds." 

(2)  Assets  which  depreciate  in  value  unevenly  through- 
out the  period  of  their  lives  should  receive  special 
consideration. 

(3)  Residual  values  must  have  careful  consideration 
having  regard  to  market  fluctuations,  i.e.  market  prices  at 
the  time  of  purchase  of  the  asset  in  relation  to  those  which 
may  be  re.isonably  anticipated  at  the  probable  time  of 
disposal. 

(4)  Where  the  lives  of  assets  have  been  equated  (see 
page  149)  and  (as  in  the  case  of  municipalities)  the  accu- 
mulated fund  may  not  be  touched  until  the  equated  period 
has  expired,  an  additional  fund  is  necessary  to  provide  for 
the  replacement  of  the  shorter  lived  assets  when  they  are 
wasted  away  prior  to  the  expiration  of  the  equated  period. 
This  will  result  in  excessive  accumulations  in  the  funds 
which  cannot  in  the  case  of  municipalities  be  avoided, 
but  regard  may  be  given  to  such  in  making  future 
provisions. 

(5)  Having  regard  to  the  remarks  in  A  (4)  it  is  most 
undesirable  to  equate  the  lives  of  assets  unless  their  esti- 
mated lives  closely  approximate  one  another. 

(6)  When  an  asset  is  disposed  of  during  its  estimated 
life,  the  total  amount  accumulated  in  "  The  Funds"  in 
respect  of  the  .same  sliould  be  withdrawn,  and  the  original 
cost  of  the  asset  be  written  off  capital  account,  the  balance 
required,  if  any,  being  taken  from  the  receipts  for  residuals 
and  if  necessary  from  tlie  revenue  account. 

(^7)  New  assets  taking  the  place  of  assets  disposed  of  as 
under  No.  6  or  otherwise  should  be  charged  tQ  capital 
direct,  and  be  the  subject  of  the  commencement  of  a  new 
life  period. 

B.  Accidents. 

The  provision  of  funds  lo  meet  speci.il  ciiarges  which 
arc  the  result  of  abnormal  accidents  is  usually  the  subject 
of  a  general  or  special  reserve  fund  and  does  not  probably 
come  within  the  scope  of  the  paper. 

C.  Uhsolcsccnce. 

(S)  The  estimation  of  obsolescence  periods  must  be  a 
matter  of  prophecy. 

(q)  Kvery  asset  should  be  given  a  normal  life  period  and 
an  obsolescence  period,  and  "  The  Funds"  should  be  sub- 
scribed to  on  the  basis  of  the  shorter  of  the  two  periods, 
the  depreciation  fund  receiving  its  full  share  aco^'ding 
to  the  cstini.itetl  life  of  the  asset,  an<l  the  obsolescence 
fund  the  balance  of  the  contributions,  which  will  only 
exist  in  cases  where  the  obsolescence  period  is  shorter 
than  the  life  period. 

(10)  I  endorse  the  authors'  insistence  "upon  the  im- 
portance of  the  utmost  accuracy  in  the  preparation  of 
the  annual  charges. '  Never  cheat  yourself  under  the 
guise  of  sound  finance  :  it  is  too  commonly  supposed 
to  be  sound  finance  to  charge  capital  items  lo  revenue 
account,  but  it  should  be  borne  in  mind  that  to  do  so  is 
putting  a  biiideii  upon  cither  the  sli.treholdcr  or  ratepayer 
on  the  one  hand,  or  upon  the  purchaser  of  the  manufac- 
tured  article   on    llic   olhei.   and    if  the  assets  arc  at  any 
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Proctor,  time  to  be  sold,  accurate  records  favouring  neither  capital 
account  nor  revenue  account  should  be  forthcoming. 

(it)  In  the  case  of  local  authorities  working  under  loan 
sanctions  with  statutory  repayments,  the  correct  provision 
in  respect  of  depreciation  and  obsolescence  should  be 
ascertained  and  compared  with  the  statutory  provisions  ; 
in  the  event  of  the  statutory  provision  being  the  greater 
no  further  provision  need  be  made  ;  if,  however,  this  is 
not  the  case  then  a  special  reserve  fund  should  be  created 
into  which  the  difference  should  be  paid. 

{12)  I  agree  with  the  opinion  of  the  authors  as  regards 
the  methods  of  calculating  the  funds.  The  reducing 
balance  method,  or  written-down  ba>is,  must  usually  cast 
an  undue  burden  upon  the  undertaking  during  its  early 
years  of  operation  and  lack  accuracy  for  all  time,  the 
straight  line  method  has  the  same  defects  to  a  smaller 
degree,  whilst  the  sinking  fund  method  allows  for  a 
correct  provision  subject  to  special  treatment  for  items 
that  depreciate  unevenly  during  the  period  of  their  lives. 

Rosling.  Mr.  P.  RosLlNG  {communicated)  :  A  paper  on  the  subject 
of  depreciation  is  peculiarly  appropriate  at  this  time,  when 
so  many  owners  of  plant  are  considering  the  question  with 
more  care  than  ever  before,  and  it  is  much  to  be  regretted 
that  the  authors  of  the  paper  and  the  speakers  at  the  dis- 
cussion, in  endeavouring  to  arrive  at  a  scientific  method  of 
apportioning  the  depreciation  per  annum,  have  entirely 
lost  sight  of  the  real  meaning  of  the  word.  Depreciation, 
that  is  loss  in  value,  is,  as  the  authors  say,  physical  and 
economical,  the  former  is  usually  brought  about  by  use, 
and  the  method  of  use,  and  not  merely  by  years  of  age,  and 
the  latter  by  loss  of  money-earning  power,  compared  with 
improved  machinery.  In  pre-War  times  it  was  possible  in 
most  cases  to  estimate  within  a  reasonable  margin  what 
the  physical  life  would  be,  and  by  watching  the  alteration 
in  circumstances  this  estimate  could  be  corrected  from 
time  to  time  ;  busy  and  slack  times  alternated,  and  a  plant 
that  was  running  for,  say,  2,000  hours  a  year  at  one  period 
easily,  might  at  another  be  hard  pressed  for  4,000  hours  a 
year ;  again,  electric  plant  put  down  for  a  lighting  load, 
and  a  quite  easy  life,  might  find  itself  running  24  hours  a 
day  on  a  power  load,  with  quite  a  different  depreciation 
factor.  To-day,  when  in  many  cases  plant  has  been 
running  night  and  day  for  over  two  years,  hard  pressed, 
and  a  minimum  of  staff  to  give  it  attention,  the  physical 
depreciation  is  far  in  excess  of  any  previous  period.  As  to 
economical  life,  even  in  peace  time  this  was  quite  im- 
possible to  estimate  in  the  majority  of  cases.  Improvements 
in  design,  variation  in  trade,  variation  in  wages,  variation 
in  output  required,  all  affected  the  economic  life,  and 
to-day  this  is  accentuated  a  hundredfold.  What  is  the 
economic  life  for  machinery  put  down  for  munitions  ?  How 
can  this  be  reduced  to  a  schedule  ?  The  authors  have 
further  neglected  to  deal  with  the  question  of  costs  in 
dealing  with  depreciation,  and  this  would  invalidate  any 
scientific  scale  that  could  be  devised.  To  take  a  case 
which,  though  accentuated,  is  common  and  typical  in 
degree  to  others.  Electric  mains  bought  in  1913  with 
copper  at  say  fyo,  and  lead  at  £13  per  ton,  and  estimated 
physical  and  economic  life  of  20  years,  would  they  have  a 
less  value  in  1920,  with  ^copper  and  lead  at  the  same  price, 
than  identical  cables  bought  in  1916  with  copper  at  ;£i4o 
and  lead  at  ;^3o  per  ton  ?  From  the  financial  point  of  view, 
which  is  after  all  the  view  that  counts  for  most,  there  is 


only  one  safe  law  of  depreciation,  and  that  is  to  write  off  Mr.  Rosihig. 
costs  as  quickly  as  possible.  Referring  to  the  question  of 
the  value  of  plant  for  sale,  I  think  very  few  purchasers 
would  be  content  to  accept  as  a  fair  price  the  original  cost, 
less  so  much  per  year  of  the  plant's  life,  the  annual 
depreciation  figure  being  based  on  guess-vi'ork.  They 
would  certainly  like  to  compare  the  second-hand  plant  with 
modern  and  first-hand  plant  and  first-hand  prices. 

Mr.  R.  M.  S.-iYERS  (communicated)  :  If  it  is  admitted  that  Mr.  Savers. 
the  earning  power  of  properly  maintained  plant  remains 
constant  throughout  its  life— and  it  is  difficult  to  see  any 
reason  to  the  contrary— there  can  be  no  logical  objection 
to  its  valuation  (or  the  computation  of  its  depreciation)  on 
exactly  the  same  basis  as  that  of  a  lease  or  other  wasting 
investment,  and  the  thanks  of  all  engineers  are  due  to  the 
authors  for  their  succinct  and  clear  exposition  of  the  basic 
principles  of  the  method  as  applied  to  simple  or  complex 
plant.  There  is,  however,  no  inherent  difference  between 
renewals  and  maintenance,  and  any  distinction  made  in 
practice  between  the  two  must  necessarily  be  arbitrary 
and  a  matter  of  convenience.  In  the  case  of  a  structure 
requiring  periodical  painting  it  can  be  argued  that  a  new 
coat  of  paint  is  a  "  renewal "  of  the  paint,  and,  in  these 
circumstances,  of  course,  the  life  of  the  paint  could  be 
included  in  the  equated  life  of  the  plant  of  which  it  forms 
a  part,  and  the  cost  of  periodic  painting  met  from  the 
renewals  fund.  In  a  large  plant  consisting  of  many  units 
installed  at  different  dates,  the  annual  cost  of  renewals  will, 
in  course  of  time,  become  constant — apart  from  further 
additions  to  the  plant— and  these  annual  payments  could 
be  paid  out  of  revenue  as  a  maintenance  charge,  provided 
that  the  capital  representing  the  plant  is  not  its  original 
cost  but  a  reduced  sum  taking  into  account  its  average  un- 
expired economic  or  physical  life,  which  (like  the  annual 
charge  for  renewals)  will  have  arrived  at  a  constant  figure. 
The  difference  between  this  reduced  capital  sum  and  the 
original  cost  would  of  course  be  the  amount  of  the  deprecia- 
tion computed  on  an  annuity  or  sinking  fund  basis.  Take, 
as  an  instance,  the  case  of  a  telegraph  administration 
owning  a  large  number  of  poles,  which  have  been  installed 
at  different  dates  as  the  plant  developed  or  renewals 
became  necessary.  In  course  of  time  the  ages  of  the  poles 
will  vary  uniformly  from  zero  upwards.  Let  it  be 
assumed,  for  the  sake  of  simplicity,  that  each  pole  is 
renewed  at  the  end  of  its  25th  year,  and  that  renewals 
always  fall  due  at  the  end  of  the  financial  year  :  on  a  5  per 
cent  basis  the  annual  payment  to  the  depreciation  fund 
will  then  be  2-095  per  cent  of  the  original  cost  of  each 
pole.  At  the  commencement  of  any  year  i/25th  of  all  the 
poles  will  have  a  maximum  age  of  24  years,  and  the  sum 
in  the  depreciation  fund  to  the  account  of  these  24-year- 
old  poles  will  be  93-22  per  cent  of  their  original  cost.  At 
the  other  end  of  the  scale  there  will  be  i/25th  of  all  the 
poles  for  which,  as  they  have  just  been  renewed,  there 
is  no  sum  in  the  depreciation  fund,  a  year  of  their  life  not 
yet  having  expired.  It  can  be  shown  that  the  total  sum  in 
the  depreciation  fund  will  amount  to  38-09  per  cent  of  the 
total  original  cost  of  all  the  existing  poles,  and  a  year's 
interest  at  5  per  cent  on  this  fund  will  be  1-905  per  cent  of 
the  total  cost  of  the  poles.  As  at  the  end  of  each  year,  by 
hypothesis,  i/25th  of  the  poles  require  renewal,  a  sum 
equivalent  to  4  per  cent  of  the  total  cost  must  be  forth- 
coming.    This  is  provided  by  the  2-095   per  cent  annual 
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I  -1  to  the  renewals  fund,  and  the  it)05  percent 

>  <  '.n  the  year's  interest  on  the  depreciation  fund. 

It  will  be  noted  that  the  depreciation  fund  no  lonf^er 
incrta'cs,  its  amount  remaining  constant  and  representing 
the  depreciation  of  the  plant  as  a  whole.  Having  regard 
to  the  identity  of  maintenance  and  renewals,  these  figures 
may  be  considered  as  giving  support  to  the  authors' 
contention  that  maintenance  costs  are  constant. 

Mr.    H.  Sherlkv-I'kkf.   (icmmutituiloi)  :    The    proper 
ttcatmtnt  of   d'  n    of  plant   is  so  important  that 

we  c.innot   l>e  :  ml   to  the  authors  of  this  paper 

"  ■    cT>,  from  time  to  time  bring  the  matter 

i  les  as  the  Institution.     The  endeavours  to 

arrive  at  a  system  which  shall  be  generally  applicable 
have  hitherto  met  with  little  success,  chiefly  because  the 
conditions  under  which  they  arc  intended  to  apply  vary  so 
greatly  that  uniformity  is  impossible.  I  tliink  the  ques- 
tion of  ■•  interest  on  capital "  would  be  better  dissociated 
from  '■  n.     In  plain  language  it  means  so  much 

P«'''   <  and  it   will  simplify  the   matter   if   it   is 

>^  this  discussion.      The  rating  authorities, 

\^  ^  an  allowance  for  depreciation,  will  most 

certainly  not  allow  interest  on  capital  to  be  considered. 
There  is  no  doubt  that  a  fairly  accurate  rale  of  depre- 
ciation to  cover  maintenance  and  renewals  c;in  be  ariived 
at  in  large  undertakings,  where  the  conditions  of  working 
are  the  same  year  iii  and  year  out,  such  as  tramways  and 
other  public  undtrLikings  where  precise  statistics  arc 
available,  and  in  a  lesser  degree  such  works  as  cotton 
mill>  which  are  designed  and  fully  equipped  for  one  job 
and  never  vary  in  their  working.  But  when  we  come  to 
general  or  electrical  engineering  what  a  different  state  of 
affairs  do  we  find  !  I  am  not  now  alluding  to  small  con- 
cerns doing  one  class  of  work  only,  but  to  the  larger 
works  whu  '  ice  almo^t  every  section  of  the  trade, 

and  It  is  tl.  which  arc  mostly  concerned  with  the 

proper  trtMiiiKi.;  ui  depreciation.  In  such  the  conditions 
will  l>c  found  lu  clunge  from  day  to  day,  seldom  the  same 
job  on  the  same  machine  twice  in  succession  ;  one  portion 
of  the  works  running  overtime  or  double  time,  other 
portions  perhaps  idle  or  half  time.  Then  the  human 
element  must  be  reckoned  with.  Manufacturers  know 
to  their  cost  how  much  damage  can  and  does  accrue  to 
costly  machines  through  the  carelessness  or  incapacity  of 
wdikincn.  Again,  l.irgr  concerns  are  conslimtlv  enlarging, 
'  i:diiig  plant  and  inacliinery. 

I  Milt  tlianges,  if  a  percentage 

he  adopted,  it  must  necessarily  be  altered 
.vlhing  like  accur.icy  is  to  l>e  alt.iined.     As 
frankly  state,  it  is  the  assumed  "  life "  of  a 
iich  forms  the  basis  of  any  percentage  or  rate  of 
n.     If  the  estimated  duration  of  life  is  wrong, 
■  extent  all  the  rates  and  calcula- 
;  ipl   .1  st.ind^rd  which  ".liall  cover 

II.  ins 

i         .  ;  ■    I        <  s    a 

,  I  venture  to  suggc-t  no  ordinary 

i  ij   the   authors   will   not  conclude 

it  I  do  not  appreciate  their  cfTorts  to 

V  mf>dc  of  treating  depreciation.     On 

'  'fv,   I  welcome   them    heartily  as   another  step 

'  '      '      ■    '  1.1  upon  the  notice  of  tho»c 

I  divcigr.  however,  is  not  on 


a  question  of  rate  or  percentage  f'er  se,  but  on  time — in  Mr.  Shericy- 
other  words,  the  "life  of  a  machine."  I  maintain  as  the '*'^'* 
result  of  a  lifelong  experience  in  valuing  plant  and 
machinery  of  every  description,  that  the  only  safe  and 
reasonably  accurate  manner  in  which  depreciation  can  be 
treated  is  to  have  periodical  exainiiialion  by  a  competent 
person  free  from  bias,  who  would  slate  the  value  as  the 
result  of  his  examination.  The  frequency  of  such  inspec- 
tions and  revaluations  is  a  matter  chiefly  depending  upon 
the  class  of  machinery  .ind  plant.  Some  are  done  annually, 
others  tricnnialiy,  and  others  again  quinquenni.ally,  the 
intervening  period  being  reckoned  on  a  percentage  or 
rate  (in  a  somewhat  similar  manner  to  that  suggested  by 
the  authors)  which  is  corrected  and  adjusted  at  each  re- 
valuation. This  practice  is  in  vogue  with  numerous 
important  firms,  and  the  number  is  extending.  It  will 
be  seen  from  the  foregoing  remarks  that  1  am  practi- 
cally in  accord  with  the  authors  except  upon  the  question  of 
time.  In  enterprising  firms  who  are  continually  enlarging 
and  equipping  themselves  to  deal  with  the  changing  de- 
mands of  the  times,  no  fixed  rate  of  depreciation  should 
be  permitted  for  a  longer  period  than  5  years  without 
revaluation' to  correct  and  .idjust  such  rate. 

The  authors  emphasize  the  importance  of  the  subject 
being  treated  in  a  three-fold  aspect.  In  other  words  they 
maintain  that  the  desired  object  to  be  attained  (the 
accurate  treatment  of  depreciation)  can  only  be  arrived 
at  by  the  engineer,  the  financier  and  the  accountant. 
Theoretically  this  sounds  perfect.  Let  us,  however,  see 
how  it  works  practically.  To  simplify  matters  we  will 
omit  the  financier.  Now  as  to  the  engineer ;  almost  with- 
out exception,  the  larger  concerns  are  limited  liability 
companies,  carried  on  by  boards  of  directors,  with 
managers  or  heads  over  the  various  departments.  The 
chief  engineer,  who  is  presumably  the  one  in  the  mind  of 
the  authors,  is  a  very  busy  man  whose  entire  time  is 
devoted  to  his  work,  and  who  certainly  h.is  no  spare  time 
at  his  disposal  for  inspecting  and  examining  the  numerous 
m.ichines  and  equipment  in  a  large  factory  to  discover 
their  condition  at  a  given  period.  But  suppose  he  finds 
time  to  do  so,  has  he  the  requisite  knowledge  of  the  value 
of  each  machine  ?  I  answer,  not  one  in  a  thousand  !  His 
duties  arc  to  get  the  work  turned  out  economically,  and  he 
has  more  than  suflicicnl  to  employ  all  his  energies  in  this 
direction,  even  if  he  had  the  requisite  knowledge  of  values. 
Would  it  not  be  unfair  to  expect  an  unbiased  opinion 
from  such  r  I  need  not  elaborate  this  point  further.  Now 
as  to  the  accountant  ;  clearly  the  authors  do  not  desire  to 
affix  the  responsibility  of  determining  the  rate  of  deprecia- 
tion upon  him.  In  this  I  am  entirely  at  one  with  them. 
But,  unfortunately,  in  many  cases  accountants  do  not 
hesitate  to  fix  this  rate.  Why  they  assume  this  responsi- 
bility pas.ses  my  comprehension.  1  have  no  doubt  that 
the  charm  of  di.-igrain>>  and  leaning  towards  tables  of 
statistics  has  much  to  do  with  it.  As  1  mentioned  earlier, 
there  are  cases  where  estimates  o(  "life"  arc  fairly 
accurate,  but  to  apply  such  tables  mdiscriminatoly  and  to 
important  manufacturing  concerns  >..in  only  le.'^d  to  trouble, 
if  not  disaster. 

Mr.  T.  A.  Wei.toS  UommunitaUti)  :  In  my  opinion  Ihc  Mr.  W«lt«« 
straight  line  method  is'unjusi  and  in  fact  unreasonable.     I 
am   glad   the  authois   of   the  paper   have  emphasised  iU 
unfairness.     At    the   bottom   the   service  rcndcieil  by  an 
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efficient  machine  is  a  constant  annual  benefit,  and  where 
the  life  is  20  years  the  value  at  the  beginning  is  the  present 
value  of  the  annual  benefit  treated  as  an  annuity  for  20 
years.  Equally  the  value  after  10  years'  working  is  that  of 
an  annuity  lasting  for  10  years,  obviously  a  greater  sum 
than  half  the  value  of  the  same  annuity  for  20  years.  The 
only  disturbing  factor  in  my  opinion  is  the  cost  of  main- 
tenance, which  in  many  cases  is  not  fixed  but  very  low  at 
first  and  annually  increasing.  The  accountant  can  only 
deal  with  that  factor  when  the  engineer  gives  him  a  datum 
on  which  to  base  his  valuation.  The  straight  line  method, 
I  think,  would  never  have  been  tolerated  but  for  the  fact 
that  law'yers  (and  also  journalists)  are  seldom  very  good  at 
figures. 

Messrs.  F.  Gill  and  W.  W.  Cook  {in  reply):  In  the 
discussion  several  speakers  or  writers  have  dealt  with 
similar  poiuts,  and  in  replying  it  seems  best  to  do  so 
generally  under  subject  heads,  rather  than  to  individuals. 

The  paper  is  not  concerned  with  what  is  sometimes 
termed  municipal  and  company  finance,  nor  with  the 
reserves  which  local  authorities  have  to  make  in  comply- 
ing with  Acts  of  Parliament,  nor  whether  the  depreciation 
charge,  when  ascertained,  is  paid  in  the  same  year,  over- 
paid, or  deferred  ;  but  it  is  concerned  with  the  true  ascer- 
tainment of  the  correct  charge  for  depreciation  of  plant 
whether  owned  by  governments,  municipalities,  companies, 
or  private  individuals.  Again,  the  paper,  as  stated,  deals 
with  the  "provision  for  diminution  in  value  of  plant  in 
place  and  working  (that  is,  its  loss  in  value  to  the  owner 
as  a  continuing  plant)  "  and  therefore  does  not  refer  to  the 
price  which  can  be  obtained  for  second-hand  plant,  which 
is  usually  governed  by  other  conditions. 

Some  have  thought  our  terminology  defective.  We 
defined  exactly  what  we  meant  by  the  expressions  "  re- 
newals and  improvements,"  as  we  realized  the  danger  of 
using  terms  employed  in  various  senses  by  different  writers, 
for  example,  obsolescence.  The  term  depreciation  was 
employed  as  being  the  generally  accepted  expression. 

In  the  discussion  the  treatment  of  depreciation  has 
generally  been  restricted  to  the  questions  of  assessing  the 
profits  of  an  undertaking  and  to  valuation,  but  depreciation 
is  an  important  factor  on  several  separate  occasions,  and  it 
may  be  worth  while  to  state  them  here. 

(a)  Before  plant  of  any  magnitude  is  constructed  it  is 
necessary  to  ascertain  which  of  alternative  plants  is  the 
most  economical  to  employ  for  the  purpose,  and  among 
the  annual  expenses  the  item  for  depreciation  will  play  an 
important  part. 

(b)  Either  before  construction,  or  soon  after,  it  may  be 
necessary  to  determine  the  rates  to  be  charged,  and  these 
charges  have  to  include  provision  for  depreciation. 

(c)  After  the  plant  is  in  operation,  costs  have  to  be 
ascertained  and  profits  determined,  and  if  depreciation  is 
ignored  in  either  of  these  cases  the  results  are  likely  to  be 
serious. 

(if)  When  it  is  proposed  to  scrap  any  plant  in  favour  of 
a  larger  or  more  efficient  type,  it  is  necessary  to  compute 
the  savings  which  will  be  effected  and  the  loss  of  capital 
involved.     Depreciation  enters  into  both  calculations. 

(e)  In  the  event  of  a  sale  of  plant  on  tramway  terms, 
depreciation  of  the  plant  has  to  be  ascertained  on  one 
basis,  and — 

(/)  If  the  business  is  sold  as  a  going  concern  it  may 
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basis. 

It  will  be  seen  that  sometimes  the  engineer  and  some- 
times the  accountant  is  the  more  intimately  concerned,  but 
in  no  case  can  either  logically  act  quite  independently  of 
the  other,  and  unless  the  same  method  of  providing  for 
depreciation  be  used  on  all  the  occasions  the  accountant 
and  the  engineer  will  be  at  cross  purposes. 

The  real  point  to  settle  is  how  to  ascertain  the  capital 
charges,  i.e.  the  expense  which  the  mere  ownership  of 
working  plant  involves,  apart  from  the  money  actually 
paid  out  for  its  maintenance  and  operation.  Generally 
the  discussion  has  shown  no  difference  in  opinion  as  to 
the  need  for  provision  for  depreciation,  and  the  methods 
referred  to  (not  necessarily  advocated)  by  the  speakers 
seem  to  have  been — 

(i)  Charge  all  renewals  against  the  year's  profits. 

(2)  Be  guided  by  expediency  or  policy,  and  write  off  as 
quickl}'  as  possible. 

(3)  Follow  a  definite  and  detailed  fundamental  plan  pro- 
viding for  depreciation  year  by  year. 

Now  if  it  is  proposed  to  charge  all  renewals  against  profits 
as  they  fall  in,  and  if  no  depreciation  reserve  is  made,  there 
is  no  certainty  that  the  undertaking  will  in  fact  be  able  to 
carry  out  the  renewals  when  they  become  necessary,  espe- 
cially in  connection  with  growing  plants,  and  in  addition 
the  assets  are  at  all  times  less  than  the  capital  liabilities,  , 
unless  and  until  a  complete  renewal  takes  place  or  unless 
appreciation  to  the  same  extent  has  taken  place. 

We  cannot  see  how  any  reliance  can  be  placed  on  policy 
or  expediency  in  providing  for  depreciation  except  after 
a  calculated  assessment.  It  is  quite  likely  that  the  politic 
or  expedient  method  will  provide  less  than  what  is  really 
required,  and  in  any  event  such  a  method  (or  want  of  it) 
provides  no  ground  for  better  work  in  the  future  ;  each 
year  a  leap  in  the  dark  is  taken,  and  since  there  is  no 
measurement,  next  year's  leap  is  made  with  no  better 
chance  of  success  than  before. 

With  reference  to  a  fundamental  plan  of  providing  for 
depreciation,  the  various  speakers  raised  the  following 
points  : — 

(a)  The  life,  particularly  the  economic  life,  is  uncertain. 
We  admit  this  ;  we  say  that  the  best  judgment  and  assist- 
ance available  must  be  applied  to  this  problem  and  in  the 
end  there  will  be  a  much  nearer  approach  to  accuracy  by 
making  a  serious  estimate  of  the  life  than  by  saying  it  can't 
be  done. 

(6)  Life  is  not  measured  by  time  only;  plants  pre- 
viously running  easily  are  now  running  with  heavy  loads 
for  long  hours  at  an  increased  rate  of  depreciation.  We 
dealt  with  this  point  in  the  paper  (page  151)  and  we  think 
that  section  provides  a  complete  answer  to  what  is  an 
obvious  need. 

(c)  Life  cannot  be  arrived  at  by  one  estimate  to  cover 
the  whole  time.  This  is  quite  true,  and  we  do  not  suggest 
it  can  be.  There  are  several  references  in  the  paper  to  the 
necessity  for  constant  revision,  not  only  of  life  but  of  all 
data,  the  last  conclusion  (page  154)  being  the  summary. 
In  all  these  estimates  the  best  judgment  supplemented  by 
all  available  data  must  be  used,  and  this  data  ought  to  be 
constantly  growing  more  and  more  satisfying,  and  if  these 
are  constantly  revised,  the  estimates  and  results  will 
become  more  alike  as  time  goes  on.     The  contributions 
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L'  (uiid>  arc  niadc  &o  long  as  the  plant  is  in  capital 

;nt. 

^upposc  a  case  in  which  the  figures  in  Table    12  are 

appropriate,  and  that  having  arrived  at  the  end  of  the  9lh 

year  it  is  proposed  to  extend  the  hours  of  working  to  such 

an  extent  that  the  remaining  physical  life  will  be  shortened 

frc>:n  35  to  21  years  (total  30  instead  of  44)  and  that  the 

primary  cause  necessitating  the  alteration  will  also  shorten 

the  remaining  economic  life  from  19  to  12  years  (total  21 

t\:S).  all  the  other  factors  remaining  as  in  Table  12. 

.  when  such  a  course  is  decided  upon  the  dcprc- 

cia:..n  rates  should  be  revised,  and  in  this  case  the  result 

would  be 


To 

To 

Total 

Rcnrwali 

Impravcmcntft 

Z>cprccUtion 

^p.». 

%P.> 

%P>. 

Up  to  end  of  9th  year 

05772 

05939 

11711 

From  9th  to  2 1  st  year 

s-2547 

13192 

3-5739 

Although  the  lives  in  Table  12  arc  not  very  appropriate 
to  this  example,  yet  it  illustrates  that  the  increased  rate  of 
^n  required  for  shortened  lives  is  easily  found  and 
■wed  for. 
(J)  Prudence   requires  something   more  in  the  way  of 
provision  far  depreciation  than  that  given  even  by  the  best 
estimates.     We  believe  that  it  is  impossible  to  make  any 
prudent  provision  without  first  making  the  best  possible 
estimate.      Assuming    this   estimate   made,    the    question 
arises  as  to  whether  some  extra  provision  demanded  by 
pni  Icnce  shall  be  given,  and  if  so  how  ?   The  whole  paper 
1-  an  attempt  to  arrive  at  a  method  by  which  an  accurate 
superstructure  shall  be  built  upon  the  best  estimates  which 
can   be  formed   of   the  primary  factors,   first  cost,   lives, 
residual  values,  and  the  value  of  money.     The  estimation 
of  some  of  these  factors  is  difTicult  enough,  but  if  they  arc 
made  with  all  honesty  of  purpose  and  with  the  best  know- 
li'l^c  obtainable,  and  arc  revised  as  often  as  may  be  desir- 
able, it  is  difficult  to  see  what  greater  accuracy  one  can 
get  ;  and  it  is  certain  that  any  plan  of  putting  to  deprecia- 
'      1  sums  arrived  at  without  the  detail  consideration  advo- 
I   cinnot  be  so  accurate.     Surely  it  is  belter  to  take 
precautions  to  make  estimates  of  the  primary 
'  correct   as   possible,  and   thereafter   employ  a 

method  of  calculation   which  introduces  no  errors  of  its 
own,  rather   than,   because  the   primary   factors  arc   ad- 
mittedly  not   ascertained,   use   with    the   same   factors  a 
'     '      '  '.lion    with    known   errors,    or    use    no 

.cr.      Further,    if     all    these    primary 
:    wilder   constant    revision,   as   we  advocate  in 
thTe  ii   nothing   like  the   chance  of  error  as 
I  the  "  anyhow  "  method.     When  pru- 
OS  some  additional  assurance,  it  seems 
to  us  t>ctier  that  the  extra  should  take  the  form  of  a  reserve 

and  •"■!  I- ' d  with  depreciation. 

\^  the  method  to  be  followed,  no  one  has 

I  I    '>i   the   reducing  balance  method.     Sir 

i^cs  that  the  «trai(;lit  line  method  is  used  by 

iccoiiiits.  and  as  we 

t  of  renewals  made 

I   (loin  the  depreciation 

.1-    1(1   repay    terminable 

or  oincr    loan*   winch    form    the    capital,    the 

.rrrforc  vomcthing   like  that   ihown  in   Fig.  4 

'k  mnJ  Itk^komt  Jimmal,  19IS,  VdI,  I,  p.  65, 


and  Tabic  4.  That  is  to  say,  the  depreciation  fund  is  Me»sr«  G 
exhausted  each  ye.v  by  renewals  and  p.aying  off  capital.  '"  " 
consequently,  although  it  does  not  earn  interest,  by  re- 
ducing the  capital  it  saves  return  on  capital.  The  result  is 
that  the  I'ost  Oflice  while  writing  off  the  capital  in  the 
time  estimated  as  being  the  life  of  the  plant,  ignores  the 
progressive  saving  in  the  return  it  has  to  pay  on  its  capital 
and  no  cicdit  is  given  to  the  subscriber  for  this  lessening 
in  the  capital  charges.  The  engineer  gives  the  effective 
life  at  20  years  and  (let  us  say)  13  per  cent  resi<hi.al  value  ; 
the  dep.irtment  uses  these  figures,  but  by  neglecting  the, 
say,  3J  per  cent  allowed  by  the  Treasury  on  the  deprecia- 
tion fund  balance,  makes  a  financial  provision  which  can 
only  be  correct  if  the  life  is  17  years.  If  the  department 
really  wants  to  reduce  the  engineer's  estimate  of  hfe  bv 
15  per  cent  why  not  do  so  openly  ? 

The  sinking  fund  method  (and  by  this  we  mean  that  the 
money  provided  for  depreciation  is  put  away  at  interest, 
which  is  added  to  the  fund,  in  such  a  manner  that  the  ' 
fund  including  the  earned  interest  can  be  drawn  upon  as 
required)  has  been  further  supported  by  the  illustrations 
given  by  Sir  W.  Plendcr,  Mr.  Swinburne,  Mr.  Byng  and 
Mr.  R.  M.  Sayers — all  of  which  arc  most  useful.  We  have 
never  seen  a  single  case  worked  out  which  docs  not  lead  to 
the  same  conclusion  of  the  correctness  and  equity  of  this 
method.  Opponents  of  it  almost  always  confine  themselves 
to  negations  stated  in  more  or  less  general  terms,  and 
carefully  avoid  any  quantitative  statement  whatever. 

With  regard  to  valuations,  these  may  be  required  for  the 
owner,  for  s;ile  on  tramway  terms  or  for  the  sale  of  agoing 
concern.  In  each  case  the  valuation  must  be  as  accurate 
as  it  can  be  made,  and*  no  valuation  on  a  merely  con- 
venient plan  will  suflicc.  But  the  valuer,  whoever  he  may 
be,  must  have  some  method  along  which  he  can  work,  he 
cannot  assess  the  value  from  mere  inspection,  he  must 
have  some  method  of  computation.  In  reply  to  Sir 
Alexander  Kennedy's  question  regarding  the  84  per 
cent  in  Column  L  of  Table  9,  our  assumption  w.as  that 
the  fourth  owner  receives  £'892,  the  same  as  the  first 
owner,  and  as  he  has  only  to  p.ay  out  £392  to  the  renewals 
fund,  the  balance,  £,^,  is  his  return  and  is  84  per  cent  on 
his  capital  expenditure  of  £s'()2,  Column  B. 

An  illustration  of  the  very  real  nature  of  this  matter  is 
given  by  considering  the  effect  of  the  14  London  electricity 
supply  companies  being  sold  on  a  straight  line  valuation 
in-itead  of  on  a  sinking  fund  basis.  If  we  assume  the  cost 
new  to  be  approximately  the  capital  expenditure,  ;^i  5.000.000, 
the  physical  life  25  years,  the  interest  5  per  cent,  and  the 
residual  value  2  per  cent,  probably  sufficicnlly  near  to 
the  real  figures,  then  tlie  application  of  these  two  methods 
of  computing  depreciation  would  result  in  a  dilYereiuc  in 
the  valuation  which,  varying  with  the  age  of  the  plant, 
might  easily  be  between  £i,$oa,oiX3  and  £2,2oo,(rx>. 

The  point  has  been  raised  as  to  whether  the  fall  in 
value  of  the  plant  really  follows  the  sinking  fund  cur\-c. 
If  one  really  knew  just  what  happened  to  the  plant,  that 
would  probably  be  an  end  of  the  whole  matter,  but  the 
fact  is,  as  stated  in  the  paper,  that  the  only  solid  ground  is 
that  at  any  date  the  plant  is  so  many  years  nearer  to  the 
end  of  its  life.  Here  the  straight  line  and  sinking  fund 
methods  arc  on  common  ground.  In  the  cases  illustrated 
in  Figs.  3  and  '>,  each  makes  the  charge  for  each  year 
to  the  plant,  or  u>er  of  it,  an  equal  portion,  the  difference 
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.Gill  being  that  the  straight  line  method  demands  i/igth  of 
£^1  =  i"4's8  each  year,  while  the  sinking  fund  method 
demands  i/igth  of  £^\  only  =  ;£2-85  each  year,  because 
it  recognizes  that  this  money  received  in  advance  of  being 
required  will  itself  earn  interest  until  wanted.  The  altera- 
tion in  the  slope  in  the  sinking  fund  curve  is  not  related  to 
the  plant  ;  it  is  of  course  the  accumulation  of  the  reserve, 
a  purely  financial  operation.  The  paper  shows  in  Tables  | 
8  and  9 that  if  applied  to  the  plant  the  sinking  fund  method 
produces  fairness  between  buyer  and  seller,  and  we  submit  ' 
that  this  is  a  very  strong  case.  It  seems  to  us  that  the  onus 
of  proof  regarding  the  unknown  law  of  plant  conditions 
rather  rests  upon  those  who  seek  by  this  reference  to  justify 
a  method  demonstrably  unfair. 

The  necessity  for  the  two  funds,  renewals  and  improve- 
ments, is  doubted  by  several  speakers.  Examining  the 
list  of  six  occasions  at  the  beginning  of  this  reply,  it  is 
seen  that  in  cases  (a),  (6),  (c),  and  (/)  the  total  charge  for 
depreciation  (renewals  plus  improvements)  is  required,  and 
in  cases  (d)  and  (f)  the  amount  in  the  renewal  fund  alone 
is  required.  By  having  the  two  funds  any  occasion  can 
be  properly  dealt  with.  In  a  scrapping  calculation  the 
amount  in  the  renewals  fund  alone  is  considered  until 
it  has  been  found  economical  to  scrap  the  plant,  and  then 
the  sum  in  the  improvements  fund  is  available  to  carry 
out  the  operation. 

The  distinction  between  small  renewals  and  mainten- 
ance has  also  been  referred  to.  While  the  principle  in 
deciding  whether  small  renewals  shall  be  paid  for  out 
of  renewals  fund  or  from  maintenance  is  onl\-  important 
in  a  case  of  valuation,  it  is  essential  that  this  matter 
be  treated  thoroughly  in  all  cases,  and  that  the  effect  of 
these  small  renewals  be  brought  into  the  calculation  of  the 
amount  required  for  depreciation.  For  example,  in  the 
case  given  in  Table  12,  if  sub-class  C  be  renewed  out  of 
maintenance  and  only  the  repayment  of  capital  for  that 
sub-class  at  the  end  of  life  of  sub-class  A  be  required  , 
from  the  depreciation  funds,  the  annual  amount  for  de-  j 
preciation  (renewals  plus  improvements)  will  be  reduced  , 
'^y  30  psf  cent,  the  equated  phj'sical  life  altered  from 
43'9  to  56'3  years,  and  the  equated  economic  life  from  28-3 
to  34  years.  While  this  method  may  be  quite  convenient 
:n  dealing  with  the  annual  charge  for  depreciation,  the 
real  life  of  each  part  must  be  considered  and  the  matter 
treated  as  in  Table  12  when  a  valuation  is  made. 

On  the  question  of  constant  maintenance  cost,  as  stated 
in  the  paper,  if  there  is  evidence  of  increasing  cost,  provi-    1 
sion  for  this  should  be  made  as  such  and  not  be  confused    ■ 
with  depreciation.     No  speaker  has  given  more  than  an 
opinion  regarding  the  alleged  increasing  cost,  and  we  still 
feel  that,  apart  from  renewals,  constant  maintenance  cost   j 
is  a  tenable  assumption. 

It  has  been  suggested  that  the  method  we  advocate 
involves  difficult  calculation  and  book-keeping.  Any 
logical  method   of   calculation    involves  the  same  factors   , 


of  first  cost,  lives,  and  residual  values  ;  the  sole  additional  ^^c55^?.  Gill 
factor  being  the  interest  on  the  depreciation  funds.  By 
using  well-known  tables  the  calculations  are  as  easy  in  one 
case  as  in  the  other,  and  there  is  not  much  difference 
in  the  work  involved  in  calculating  87 -^  19  =4'578() 
(Table  3)  and  87  x  0-032745  =  2-8418  (Table  6).  No  de- 
scription of  the  accounting  forms  by  which  the  principles 
advocated  are  carried  out  was  included,  but  they  exist  and 
are  in  operation  ;  no  difficulty  and  no  uneconomic  amount 
of  work  prevents  their  adoption,  and  it  is  quite  feasible  to 
keep  in  touch  with  the  whole  subject  and  revise  all  the  data 
as  and  when  required. 

Several  speakers  have  raised  questions  relating  to  the 
position  of  the  engineer  with  regard  to  finance.  The 
engineer  of  any  concern  where  plant  is  important,  if 
he  is  to  do  his  duty,  must  be  largely  concerned  with 
finance.  It  is  he  who  really  determines  what  plant  shall 
be  constructed,  and  when  that  selection  is  made  it  follows 
that  of  the  annua'  expenditure  there  is  determined  all  the 
return  on  capital,  all  the  depreciation,  and  a  very  consider- 
able part  of  the  cost  of  operation  and  maintenance.  In 
fact  before  the  plant  is  constructed  the  bulk  of  the  annual 
expenditure  is  settled,  and  the  management  has  only  a 
margin  on  which  to  do  better  or  worse.  In  normal 
cases,  if  such  a  concern  is  not  commercially  success- 
ful the  engineer  must  take  a  large  share  of  the  responsi- 
bility, if  he  has  been  given  his  proper  place  in  the 
organization. 

The  curve  of  value  of  plant  in  place,  the  method  of 
deciding  when  to  scrap  plant,  and  the  standard  costs, 
all  referred  to  by  Mr.  Byng,  are  good  examples  of  methods 
used  to  enable  engineers  to  carry  out  this  part  of  their 
work  properly. 

Mr.  Handcock's  communication  lias  been  received  as 
this  reply  goes  to  print  ;  he  suggests  that  it  is  incorrect 
to  provide  for  improvements  in  advance,  and  that  they 
should  be  defrayed  out  of  the  economies  to  be  effected. 
This  important  matter  has  also  been  raised  in  the  dis- 
cussions at  the  Local  Sections,  and  as  full  reports  of  these 
are  not  yet  available,  we  will  reserve  our  arguments  in 
favour  of  the  course  we  advocate  until  replying  to  these 
discussions. 

The  discussion  has  been  very  encouraging  from  the  point 
of  view  of  getting  a  consensus  of  opinion  upon  the  proper 
treatment  of  this  subject.  We  hope  that  the  matter  will 
not  be  allowed  to  drop  and  that  those  to  whom  the  subject 
appeals  will  endeavour  to  follow  up  the  idea  suggested  by 
Sir  Alexander  Kennedy,  Mr.  Kingsbury,  and  others. 
Among  other  things  which  ought  to  flow  from  a  general 
consensus  of  opinion  is  a  more  logical  treatment  of  loan 
periods  by  the  Local  Government  Board  (assuming  that 
the  loan  periods  really  have  relation  to  the  life  of  plant)  and 
of  the  deduction  for  depreciation  allowed  by  the  income 
tax  authorities.  At  present  these  are  diflFicult  to  reconcile 
with  facts  and  with  each  other. 


Mr.  F.  A.  Newixgtox  :  On  the  first  page  of  the  paper,  I 
wish  to  differ  from  the  authors  in  their  definition  of  re- 
newals, as  they  class  ordinary  wear  and  tear  as  renewals. 
It  seems  to  me  there  is  a  large  difference  betvi'een  replac- 
ing small  parts  of  machinery  and  entirely  renewing.     To 
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talk  about  renewals  which 


are    really  ordinary  items  of  >'\'-  . 
maintenance  is,  I  think,  not  right.     I  do  not  think  that  '        " 
renewals  is  a  good  term  ;  it   should  certainly  be  reserved 
for  the  larger  parts  only.     Later  ;on,  the  authors  refer  to 
poles,  but  when  a  pole  is  done  at  the  bottom  it  must   be 


170 


GILL  AND   COOK:    PRINCIPLES    INVOLVKD    IN    COMPUTING 


Mt  renewed   entirely,   and   here   the   term   renewal   is   quite 

Knrtacioo  correct,  but  with  an  engine  or  other  machinery  we  can 
repUce  parts  in  ordinary  maintenance  and  I  do  not  look 
upon  that  as  a  renewal.  I  have  not  had  occasion  to  con- 
sider the  straight  line  method  referred  to.  Municipal 
.  have  to  borrow  money  and  pay  off  their 
.iccording  to  the  Electric  Lighting  Acts,  and 
:;  wliich  this  is  to  be  done  is  very  difinitc  in  these 
Our  revenue  has  to  be  used  for  certain  specific 
pui|>o>cs  :  that  i>,  (i)  in  payment  of  working  costs,  main- 
tenance and  outbys  of  th.il  sort  ;  (2'  in  paying  interest  or 
dividends  on  mortgages  or  borrowed  capital  ;  (3)  in  pro- 
viding a  sinking  fund  for  repayment  of  borrowed  money  ; 
(4)  in  payment  of  any  spiecial  expenses  ;  and  (5)  in  provid- 
ing a  reserve  fund  if  they  think  fit.  The  reserve  fund, 
however,  is  not  to  exceed  one-tenth  of  the  aggregate 
capital  expenditure.  In  this  there  is  nothing  about  re- 
newal or  depreciation  funds,  and  it  seems  to  me  that 
.iccording  to  the  Act  it  is  illcg.-il  to  provide  either  de- 
preciation or  rencwil  funds.  \Vc  are  allowed  to  provide 
for  a  rcscr\x  fuai  up  to  10  per  cent,  and  we  pay  off  our 
debt  by  means  of  the  sinking  fund  in  a  certain  term  of 
years  which,  as  a  rule,  may  vary  from  25  to  30.  This 
is  somewhat  similar  to  Table  6  except  that,  under  the  usual 
method  of  paying  off  by  fixid  sums  e.ich  ye.ar,  the  interest 
vca-  i>es  because  the  amount  of  capital  is  reduced. 

In  1  point  secm^to  be  that  depreciation  increases 

year  by  year  or  thit  depreciation  plus  interest  remains  tlie 
same.  Our  method  of  paying  off  capital  is  by  making 
oquil  annual  payments  over  the  period,  and  I  think  this  is 
the  universal  method  for  electricity  supply  undertakings 
who  are  paying  off  any  fixed  sum  in  any  given  number 
of  years,  the  interest  p.iyabic  each  year  being  reduced 
because  of  the  reduction  of  the  capital  originally  borrowed. 
For  electricity  supply  undertakings  an  aver.age  period  of 
from  J5  to  30  years  for  rep.iymcnt  of  capital  seems  quite 
safe  as  far  as  the  life  of  the  life  of  the  plant  is  concerned, 
as  a  considerable  proportion,  such  as  land,  buildings,  cable- 
ways,  etc.,  will  have  a  very  much  longer  life.  It  hardly 
seems  possible  to  say  what  allowance  should  be  made  for 
"improvements,"  as  this  depends  upon  local  conditions. 
The  reserve  fund  can  be  used  for  improvements.  Perhaps 
the  authors  will  consider  a  scheme  by  which,  instead  of 
pa--  iiig  annually,  as  many  of  the  tables  show, 

th«  111  be  less  in  the  early  days  of  the  uncler- 

t.il.  ii   IS  not  earning  full  revenue,  and  later  the 

pay  iIH  be  increased  when  the  plant  w.is  in  full 

operation.  If  some  scheme  of  that  sort  could  be  worked 
out  it  would  prove  of  benefit  to  many  undertakings  in  the 
earlier  stages.  I  cannot  agree  with  the  authors  that  the 
maintenance  does  not  increase  with  the  age  of  the  plant. 
It  seems  to  me  that  with  increising  age  the  maintenance 
m-  'T. 

,1,  ' :  ;  i.ru  :  A%  convener  of  the  Kleclricily  Com- 

MiC*i«  millcc  o(  (iicenock  it  has  been  of  great  interest  to  me  to 
he  present.  Our  Town  Chamberlain  has  unfortunately 
been  unable  to  attend  this  meeting,  but  he  h.is  given  me 
hit  t,r..  .  .,  i|)c  subject  under  discussion.  He  is  strongly 
of  it  the  only  form  of  depreciation  which  should 

be  .»ir  wr<j  for  municipal  undertakings  should  be  that 
de*cribc«l  by  the  authorn  as  the  straight  line  method  : 
bir  lug  the  question,  and 

rr  '  '11(1  from  what  I  have 


gathered  as  a  member  of  the  Greenock  Kk-ctricity  Com-  Mr. 
mittee  for  the  last  15  or  16  years,  I  do  not  think  that  the  ^'>'^""  ' 
straight  line  method  is  the  right  one.  Our  Chamberlain 
said  he  thought  we  ought  to  have  a  stated  number  of 
years  in  which  to  pay  for  buildings,  ground,  and 
m.ichinery.  I  do  not  consider  that  to  be  the  correct 
policy,  and  I  think  that  the  Secretary  for  Scotland 
should  allow  electrical  undertakings  at  least  60  ye.irs  to 
repay  the  money  borrowed  for  land  and  buildings.  In 
addition  to  our  reserve  fund,  which  we  are  allowed  to 
increase  until  it  equals  10  per  cent  of  the  capital  expendi- 
ture, I  consider  it  necessary  also  to  provide  a  renewals 
suspense  fund  such  as  has  been  established  in  Manchester. 
Take  the  case  of  a  valuable  piece  of  machinery  which 
through  unforeseen  circumstances  breaks  down  and  re- 
quires very  expensive  renewals  or  repairs.  These  circum- 
stances arc  not  provided  for  in  the  ordinary  estimate  of 
the  life  of  the  plant  nor  in  the  running  costs,  and,  without 
some  provision  such  as  I  have  just  mentioned,  a  repair  of  ■ 
this  kind  may  be  a  heavv  burden  on  the  revenue  account. 
I  have  been  speaking  almost  entirely  from  the  municipal 
point  of  view.  The  problem  for  a  company  undertaking 
is,  I  can  conceive,  very  different,  and  my  general  impres- 
sion is  that  in  the  majority  of  cases  sufficient  provision  has 
not  been  made  for  depreciation. 

Mr.  R.  RoiiEUTsox:  A  paper  of  this  kind  can  h.ardly  be  m, 
expected  to  refer  to  or  deal  with  municipal  undertakings  "^i^rtK 
because,  as  Mr.  Newington  pointed  out,  the  sinking  fund 
is  prescribed  according  to  a  specified  method,  that  is  to 
say,  upon  the  c.ipit.il  being  repaid  in  a  certain  number  of 
years,  so  that  municipal  undertakings  are  in  a  different 
category  from  other  industrial  undertakings.  The  authors 
have  emphasized  the  fact  that  the  paper  only  deals  with 
principles.  It  is  hardly  possible,  in  a  case  like  this,  to  deal 
with  the  question  of  principles  without  considering  their 
application  in  pr.actice.  and  any  remarks  that  I  have  to 
make  are  really  rcni.arks  from  the  point  of  view  of  one 
wlio  has  endeavoured  for  a  consider.ible  time  to  apply 
principles  of  this  sort  in  actual  practice.  Turning  to  the 
det.ails  of  the  paper,  the  first  point  thai  occurs  to  me, 
looking  at  it  from  that  point  of  view,  is  the  necessity  or 
the  advantage  of  sub-dividing  this  provision  into  two 
funds— one  for  renewals  under  the  heading  of  "  physical 
life,"  and  the  other  for  improvements  under  the  heading 
of  "  economic  life."  One  or  other  of  the  two  must 
predominate  and.  if  the  one  which  predominates  is  pro- 

■  vided  for,  it  is  unnecess,ary  to  take  the  other  into  con- 
sideration. This,  I  think,  is  more  evident  from  the  fact 
emphasized  by  the  author-  that  the  provisions  for  physical 
or  economic  life  have  to  be  predetermined  to  enable 
allowance  to  be  made.  The  next  point  upon  winch  I 
should  like  to  make  a  remark  is  referred  to  by  the  authors 
on  page  n(>.     They  state  there  that  in  practice  it  is  not 

'  usual  to  repay  capital  fractionally  each  year.  I  should  like 
to  put  it  stronger.  I  do  not  know  of  any  business— apart 
from  muiiicip.il  undertakings— where  the  capital  is  repaid 
fractionally  year  by  ycai ,  and  I  think  any  method  which 
involves  such  a  repayment  is  not  a  method  requiring  prac- 
tical consideration.  For  thai  reason,  the  methods  described 
in  Tables  1,  4,  and  5,  while  very  suitable  for  comparison 
with  the  others,  arc  really  of  very  little  practical  value. 
The  next  point,  looking  at  it  from  a  pr.actical  view, 
it    the    qiicvtion    of    residual    values.      These    are    very 
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difficult  to  anticipate  because,  say,  in  the  case  of  the 
tson.  residual  value  of  a  particular  item  of  plant  which  is  expected 
to  lie  discarded  19  or  20  vears  hence,  it  is  almo't  impossible 
to  estimate  what  that  value  will  be  at  that  distant  date.  It 
will  depend  entirelv  upon  what  demand  there  ma}'  be  for 
more  or  less  out-of-date  plant,  and  I  think  that  in  practice 
the  introduction  of  the  question  of  the  residual  value  is  of 
very  slight  importance  in  fi.xing  an  amount  for  depreciation. 
Turning  to  Table  6,  it  will  be  evident  that  the  fact  of  leaving 
out  the  residual  value  of  13  per  cent  only  makes  a  difference 
of  another  two  years  in  the  economic  life.  It  is  hardly 
practicable  in  the  early  stages  of  the  use  of  plant  to  fix  the 
life  at  such  an  exact  term  that  the  difference  between  igand 
21  j'ears  will  be  of  serious  importance  and,  as  the  authors 
point  out,  as  the  use  of  the  plant  goes  on  the  rate  may  have 
to  be  varied  from  time  to  time  as  experience  is  gained  with 
the  running  of  the  plant.  In  the  cases  where  the  allowances 
are  based  upon  the  physical  life  it  is  not  so  difficult  to 
estimate  residual  values  as  the}-  really  become  scrap  values, 
less  the  cost  of  dismantling.  It  appears  only  to  be  neces- 
sary to  introduce  the  question  of  return  on  capital  for  the 
purpose  of  comparisons  between  the  different  tables — some 
of  which  deal  with  diminishing  return  on  capital,  owing  to 
the  fact  that  it  is  repaid  year  by  year.  This  question  of  the 
return  on  capital  does  not  really  have  anv  bearing  on  the 
question  of  depreciation.  In  ordinary  commercial  under- 
takings, the  question  of  return  of  capital  is  a  question  | 
entirely  apart  from  depreciation. 

The  authors  point  out,  very  properly,  that  no  particular 
plant  is  of  such  a  simple  nature  that  it  can  be  dealt  with  by 
one  common  life  or  rate  of  depreciation,  which  everyone 
will  agree  with.  But  I  am  unable  to  see  any  practical 
advantage  in  arriving  at  an  equated  life.  In  ordinary 
practice,  if  the  capital  expenditure  is  divided  up  into  a 
number  of  classes,  the  plant  in  each  class  having  a  more  or 
less  similar  life,  then  the  rate  for  depreciation  can  be  fixed 
for  each  class  and  the  totals  for  the  different  classes  added 
together  in  order  to  get  the  total  depreciation  for  the  year. 
This  method  also  makes  it  possible  to  ascertain  at  any  time 
the  amount  of  the  depreciation  fund,  including  interest, 
relating  to  any  particular  item  of  plant,  depending  upon 
the  time  the  plant  has  been  in  use.  This  can  be  ascertained 
either  by  a  series  of  tables  or  by  curves  similar  to  that  shown 
in  Fig.  6,  the  heavv  line  showing  the  total  fund.  The  dif- 
ference between  the  amount  so  determined  and  the  original 
cost  would  give  the  then  value  of  that  item  in  the  books. 
The  conclusions  arrived  at  by  the  authors  I  agree  with 
generally,  with  this  proviso,  that  as  regards  No.  i,  it  is  not 
always  practicable  to  regulate  the  various  items  in  advance, 
particularly  in  progressive  businesses  which,  in  the  early 
stages,  cannot  be  expected  to  meet  all  the  charges.  The 
remarks  that  I  have  already  made  also  indicate  that  I  dis- 
agree with  the  necessity  in  most  cases  of  dividing  up  the 
charges  under  the  two  heads  of  physical  and  economic  lives, 
unro.  Mr.  J.  M.  M.  MfXRO  :  In  some  ways  this  paper  might 
usefully  have  received  preliminary  discussion  by  the 
Society  of  Accountants  or  Faculty  of  .Actuaries,  being 
thereafter  presented  to  the  Institution.  Its  whole  subject, 
however,  is  not  only  most  important  to  engineers,  but  is 
based  on  facts  and  figures  which  engineers  must  provide. 
Therefore  any  discussion  here  of  these  facts  and  figures 
of  duration  is  not  out  of  place,  though  the  argument  of 
the  paper  is  strictly  confined  to  a  problem  of  accounting.    ' 


The  physical  life,  and  still  more  conspicuously  the  Mr.  Munro. 
economic  life,  of  the  various  types  of  engineering  plant 
is  a  problem  which  we  have  to  face  anew  every  time  we 
are  called  upon  to  fix  periods  for  these.  With  the  excep- 
tion of  some  tables  of  telegraph  and  telephone  plant,  we 
have  no  adequate  and  convenient  authoritative  data  to  go 
upon.  Figures  given  by  manufacturers  are  not  always  on 
a  sufficiently  wide,  disinterested,  and  prolonged  basis.  Is 
there  not  room  for  a  standing  Institution  Committee 
entrusted  with  the  duty  of  collating  reliable  records  of 
pl.ant  life  ?  Yet  even  the  result  of  such  records,  continued 
over  a  long  period  of  time,  would  not  yield  cut  and  dried 
figures.  Changes  in  material,  design  and  principle,  not 
to  speak  of  varying  standards  of  workmanship,  constantly 
occur.  So  much  also  depends  on  position  and  duty  of 
plant  and  the  care  taken  of  it  and  the  chapter  of  accidents, 
that  standard  periods  of  physical  life  are  not  easily 
determined.  Every  engineer  has  his  own  way  of  attacking 
such  problems.  The  figure  arrived  at  on  a  widely  extended 
average  may  be  fairly  accurate,  but  on  any  individual  item 
or  set  of  items  it  mav  be  far  wrong.  Knowing  the  fluctua- 
ting value  of  one's  figures,  one  begins  to  feel  alarmed 
when  skilled  accountants  build  their  extremely  accurate 
and  deftly  balanced  structures  upon  them.  Yet  it  is  con- 
soling to  know  that  once  the  engineer's  figures  pass  from 
his  hands  they  are  subject  to  methods  of  carefully  con- 
sidered arithmetical  accuracy,  and  are  not  therefore 
likely  to  lead  further  astray  those  who  venture  their  money 
upon  them.  Before  hearing  all  the  paper,  I  felt  inclined 
to  say  that,  if  depreciation  tables  were  to  be  based  on 
times  and  values  of  probable  antiquation,  or  "improve- 
ments "  as  the  authors  prefer  to  call  it,  then  it  was  unneces- 
sarv  to  consider  the  longer  "physical  life"  period.  I 
now  agree  that  it  is  well  to  keep  separate  amounts  for 
"  economic  life,"  for  the  reason  that  the  termination  of 
physical  life  happeneth  to  all,  but  economic  life  is  a  more 
uncertain  contingency.  Sums  set  aside  for  the  latter  are 
more  of  the  nature  of  a  private  insurance  fund.  It  may 
not  be  needed,  yet  what  little  there  is  of  it  is  a  help  if  a 
change  in,  say,  five  years  be  imperative.  In  a  lesser  degree 
the  same  remark  applies  to  the  renewal  fund  also.  Those 
responsible  for  plant  find  it  difficult,  sometimes,  to  deter- 
mine where  maintenance  ends  and  renewal  begins.  The 
renew.al  of  parts  of  cables  at  faults  for  example,  as  referred 
to  at  the  top  of  page  153,  will  not  usually  amount  in  the 
end  to  the  renewal  of  the  whole  cable.  If  it  did,  the 
renewal  rate  would  be  inadequate  to  cover  its  share  of  cost. 
But,  more  probably,  the  cable  would  be  less  valuable 
after  all  the  partial  renewals,  because  of  the  number  of 
joints  made.  I  take  it,  however,  that  patches  would  be 
maintenance  and  only  an  important  new  length  or  part 
would  come  out  of  the  renewal  fund.  The  same  value  of 
plant  varies  yearly  with  market  prices  of  similar  plant. 
There  is  also  the  well-known  fact  that  a  life  estimated  at 
say  30  years  is  worth  say  5  years  at  the  end  of  29  years  if 
it  then  continue  in  fair  condition.  But,  after  all,  the 
figures  referred  to  in  the  paper  ultimately  refer  merely  to 
the  correct  method  of  gradually  extinguishing  the  prime 
capital  outlay.  Many  of  the  smaller  electric  supply  under- 
takings have  not,  in  their  earlier  years,  any  cash  surplus 
to  furnish  an  improvement  or  renewal  fund.  The  authors 
appear  to  have  made  good  their  argument  in  favour  of  the 
methods  of  accounting  recommended  by  them. 
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Mr.  F.  H.  Whvsai.i.  :  Mr.  Ncwinglon  referred  to  the 
methods  proposed  by  the  authors  for  dcahng  with  depre- 
ciation and  hoped  they  could  put  forward  some  scheme 
which  would  make  things  easier  at  the  l>eginning  of  the 
loan  period  in  preference  to  the  method  shown  in  Table  4 
which  nccessit.itcd  heavier  demands  at  the  beginning  than 
at  the  end.  The  Electric  Lighting  Acts  provide  for  that 
in  one  way  :  that  is,  they  do  not  demand  the  first  instal- 
ment of  repayment  until  the  financial  \  ear  following  the 
year  during  which  the  money  was  spent.  In  ("irecnock. 
we  follow  out  slavishly  the  lines  laid  down  in  the  Electric 
Lighling  .\cts  and  make  our  repayments  on  the  straight 
line  method.  I  thoroughly  agree  with  the  authors  in  their 
strictures  on  this  system  and,  if  my  memory  serves  me,  in 
Manchester  the  electricity  accountant  uses  a  system  similar 
to  that  which  the  authors  advocate  in  the  paper  ;  that  is  to 
say,  as  far  as  accountancy  is  concerned,  interest  and  sink- 
ing fund  would  be  calculated  on  the  sinking  fund  method 
shown  in  Table  6.  In  this  connection  I  should  like  the 
authors  to  clear  up  a  point  that  puz/les  me.  In  order  that 
my  question  shall  be  perfectly  plain,  I  would  state  first  of 
all  the  conditions  under  which  money  is  borrowed.  The 
loan  period  is  fixed  on  what  is  estimated  to  be  the  physical 
life  of  the  plant  required,  and  it  is  assumed  that  when  the 
phj-sical  life  of  the  plant  conies  ta  an  end,  all  capital 
charges  will  be  paid  ofl  and  there  will  be  nothing  left  of 
cither  plant  or  borrowed  capital,  the  Corporation  being 
under  the  necessity  of  renewing  it  by  fres^  borrowing. 
We  will  assume  that  the  physical  life  decided  upon  was 
30  years  and  the  Scottish  Office  sanctioned  the  loan  period 
to  correspond.  The  Corporation  then  proceeds  to  borrow 
money  from  the  public  for  repayment  at  the  end  of  short 
periods — say,  3  or  5  years.  The  question  is,  how  would 
the  authors  deal  with  their  accounts  in  order  to  obtain  the 
advantages  on  capital  account  shown  by  their  system, 
Table  ft,  and  meet  the  conditions  imposed  for  actual  re- 
pay- rt  lo:in  periods  arranged  in  respect  of 
the  :  .i.d  from  the  public?  The  question  of 
plant  depreciation  is  one  of  increasing  importance,  and  all 
of  .ns  are  acquainted  with  engineers  who  arc  suffering 
much  tribulation  through  the  neglect  of  serious  consider- 
ation in  this  connection  during  the  years  that  have  passed. 
When  undertakings  arc  first  launched,  it  is  readily  under- 
stfxid  that  there  should  be  a  tendency  to  obtain  long  loan 
periods  and  turn  a  blind  eye  to  this  subject  in  order  to 
it  appears  to  be  a  profit-earning  stage  as  soon  as 
It  is  very  difficult  to  persuade  municipal 
!  »h.ireholders  of  companies  that  it  is  to  the 
.  i^itige  of  the  undertaking  that  it  should  be 
run  at  an  apparent  financial  loss  during  certain  stages  of 
it*  development.  I  refer  to  the  periods  when  extensions 
arc  under  consideration.  Some  American  concerns  have 
been  bold  en-  i,  the  capital  charges  on 
which    have  v  profit  for  at  least  five 

!i  this  policy  of 

..      :  ■  i     \  s  Ihcm  for  the 

•!ic  limtd  pohcy  which  British 

I  fr.  .iilij.t   either  the  engineer 
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expired.  There  is  no  doubt  m  my  mind  that,  generally  Mr. 
speaking,  a  sufficient  provision  is  not  made  for  depreciation  '"' ' 
and  undertakings  continue  to  suffer  the  encumbrance  of 
inefficient  obsolete  plant  which  they  cannot  afford  to 
Scrap.  South  of  the  border  the  Local  Government  Board 
is  becoming  very  much  alive  to  this  condition  of  affairs 
with  regard  to  municipal  undertakings.  The  Scottish 
Office,  so  far,  has  not  been  quite  so  strict,  but  there  also 
the  tendency  is  the  same  (I  lefer  to  the  cutting  down  of 
loan  periods).  In  some  cases  conditions  have  been  granted 
which  arc  too  short  for  the  plant  under  consideration.  A 
glaring  example  is  the  usual  loan  period  of  7  years  for  the 
purchase  of  a  storage  battery  ;  this  in  spite  of  the  fact 
that  most  batteries  arc  now  installed  under  maintenance 
conditions  which  preserve  them  in  a  state  of  100  per  cent 
efficiency  and  keep  them  in  practically  a  new  condition. 
I  am  strongly  of  the  opinion  that  where  a  m.-iinteiiance 
contract  is  made  with  the  battery  manufacturers,  the 
authorities  should  allow  at  least  as  long  a  loan  period  as 
that  allowed  for  generating  plant.  Believing  in  the 
advantages  of  the  use  of  batteries  in  connection  with 
electric  supply  undertakings  as  I  do,  I  would  even  go 
further  than  this  and  say  that  in  the  case  of  batteries  it 
would  be  quite  a  legitimate  case  for  the  consideration  of  a 
Government  subsidy  in  these  days  when  war  economy  is 
so  much  to  the  fore  ;  they  might  even  make  it  compulsory, 
on  these  grounds,  that  undertakings  should  provide  battery 
capacity  for  dealing  with  .ill  duty  of  less  than  8  per  cent 
daily  load  factor — i.e.  of  less  than  two  hours'  demand 
during  the  24  hours  of  the  d.iy.  Where  the  loan  periods 
are  properly  estimated,  there  is  of  course  no  necessity  for 
further  provision  in  the  way  of  depreciation,  except  in  the 
shape  of  what,  I  think,  Mr.  Pcarcc  has  instituted  in 
Manchester  and  called  a  renewals  suspense  fund,  which 
is  a  special  reserve  fund  from  which  accumulated  moneys 
can  be  taken  to  defray  the  cost  of  abnormal  lep.iirs  or 
renewals.  It  is  obviously  unfair  that  one  year's  running 
costs  should  be  saddled  with  abnorm.il  expenses  con- 
nected with  serious  bre.ikdowns  resulting  from  causes 
which  could  not  be  foreseen  and  which  might  legitimately 
be  put  under  the  same  clause  as  that  of  bills  of  hiding, 
dclining  the  circumstances  under  which  carriers  would  not 
be  responsible  for  loss  or  damage — in  short,  some  form  of 
insurance  in  addition  to  the  proper  provision  for  depre- 
ciation. In  connection  with  company  undertakings,  de- 
preciation is  a  simple  matter  and  the  responsibility  of 
deciding  on  what  is  necessary  rests  entirely  on  the  directors, 
and  the  provision  ncccssiiry  of  course  varies  with  every 
different  set  of  conditions. 

Mr.  W.  W.  Lackie  {communicalcd) :  In  discussing  this  Mr  Lack 
matter  Ijcforc  a  sister  association  I  st.ated  that  the  question 
of  depreciation  and  its  relation  to  sinking  fund  is  one  that 
still  remains  undecided.  I  then  quote<l  from  a  correspon- 
dent to  The  Auounl.inl  who  .iskcd  lO  What  is  deprecia- 
tion ?  Is  it  depreciation  of  value  by  reason  of  wear  and 
tear  as  described  in  the  Customs  and  Inland  Revenue  Act, 
1878  ?  (2)  Is  it  decreased  efficiency  of  a  generating  station 
or  any  portion  of  its  pl.int  no  longer  able  to  turn  out  the 
quantity  of  electricity  it  di<l  when  originally  installeil  ? 
(3)  Ur  is  it  merely  obsolescence  in  the  case  of  plant  which 
i»  a>  good  for  all  generating  purposes  as  when  it  wa--  put 
down  hut  IS  no  longer  up-to-date,  something  more  efficient 
having  been  pla(.e<l  on  the  market  ?    Depreciation  of  value 
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.ickie.  is  met  by  a  sum  set  aside  for  a  sinking  fund,  if  such  sum 
be  proper!)'  calculated  at  tlie  probable  life  of  tlie  plant. 
This  is  what  the  authors  call  physical  life.  Decreased 
efficiency  should  be  met  by  depreciation  if  the  ordinary 
maintenance  chargeable  to  revenue  is  not  sufficient  to  keep 
the  plant  in  its  first  state  of  efficiency.  Obsolescence  does 
not  mean  nor  does  it  involve  depreciation.  It  is  not  true 
depreciation  ;  but  it  is  quite  possible  that  a  prudent 
authority  owning  works  might  look  to  the  advantage 
which  would  be  gained  b)-  installing  present-day  plant 
and  so  getting  greater  efficiency  than  could  be  obtained 
from  antiquated  plant.  Such  an  authority  would  annually 
set  aside  a  sum  for  this  purpose  and  might  dispense  with 
old  plant  in  favour  of  more  up-to-date  plant  even  although 
the  former  might  not  have  reached  the  end  of  its  useful 
life.  It  is  not  legal  to  create  a  deficit  by  setting  aside  a 
sum  either  in  the  name  of  depreciation  or  as  a  reserve 
fund.  Only  such  sums  as  are  profit  are  available  for  this 
purpose.  The  Court  of  Session  in  1880  held  that  the 
deduction  for  wear  and  tear  to  be  made  under  this  section 
of  the  above-mentioned  .-Vet  is  a  deduction  for  diminished 
value  as  a  means  of  earning  income  and  not  as  an  available 
subject,  and  that  in  as  much  as  the  plant  in  question  was 
undiminished  in  value  for  tb.e  purpose  of  earning  income, 
no  deduction  from  income-tax  charge  could  be  made 
beyond  repairs  alread)'  allowed  for.  I  consider  there  is 
really  no  principle  involved  in  computing  the  depreciation 
of  plant.  The  examples  worked  out  in  the  paper  are  based 
on  a  19  years'  life.  Let  me  mention  what  has  happened 
in  the  principal  power  station  in  Glasgow  recently.  Ten 
j'ears  ago  a  1,500-kw.  generator  and  condensing  plant  were 
bought  for  £?  16,000.  Depreciation  has  been  written  off 
this  plant  and  it  now  stands  in  our  books  at  ;£7,coo,  i.e. 
we  have  v^'ritten  off  ;£9,ooo  in  10  years.  If  is  proposed  to 
scrap  this  plant  and  put  down  in  its  place  a  6,ooo-kw. 
turbo-alternator  costing  ;£28,ooo.  The  new  plant  will 
save  us  ;£2o,ooo  per  annum  in  coal  and  the  plant  will 
pay  for  itself  in  18  months,  or  the  proportion  of  the 
6,000-kw.  set  that  the  1,500-kw.  set  represents  w-ill  be  paid 
in  a  year.  So  long  as  the  plant  is  kept  in  first-rate  condi- 
tion out  of  revenue,  and  one  is  prepared  to  write  off  the 
difference  between  what  the  plant  stands  at  in  the  books 
and  what  it  would  fetch  if  sold,  the  rate  of  depreciation 
might  be  so  small  as  to  be  met  by  sinking  fund.  No  fixed 
rate  of  depreciation  should  be  agreed  upon  over  a  period 
of  20  years  in  an  engineering  works.  One  might  have  a 
very  slack  year  when  the  plant  was  only  used  for,  say,  the 
equivalent  of  2,000  hours  per  annum,  and  in  a  subsequent 
year  the  same  plant  might  be  run  for  6,000  hours.  The  rate 
of  depreciation  in  the  two  years  would  be  quite  different. 
In  the  early  days  of  electricity  supply  for  ligliting  pur- 
poses we  thought  that  a  depreciation  of  5  per  cent  was 
liberal,  but  to-day  with  new  plant  which  is  run  practically 
continuously  a  depreciation  of  10  per  cent  is  required. 

J.icc.nii.  Mr.  R.  B.  Maccai.l  {communicaied)  :  It  would  appear 
that  several  factors  which  do  not  affect  the  question  of 
depreciation  have  been  taken  into  consideration  by  the 
authors.  I  am  afraid  that  I  am  amongst  the  Philistines  in 
regard  to  the  conclusions  of  the  authors,  first,  because  I  do 
not  think  a  general  agreement  is  possible,  and  secondly, 
because  I  believe  the  straight  line  method  is  not  so  in- 
equitable as  stated  in  the  paper.  Depreciation  is  like 
incidence  of  taxation,  a  subject  on  which  many  divergent 


views  are  possible.  While  all  agree  that  both  depreciation  Mr.  Maccaii. 
and  taxation  are  inevitable  there  is  no  common  agreement 
in  regard  to  principles.  It  is  not  correct  to  say  that  it  is 
largely  a  question  of  fact.  While  depreciation  of  plant  is 
a  fact,  the  possible  period  of  years  in  which  total  loss 
would  occur  is  unknown,  and  therein  lies  the  first  difficulty 
in  coming  to  a  common  agreement.  From  the  financial 
point  of  view,  depreciation  is  a  setting  aside  annually  (or 
otherwise)  a  sum  towards  the  day  when  the  plant  will  be 
done  and  new  plant  will  have  to  be  provided.  It  is,  in 
fact,  a  premium  of  insurance.  All  life  and  all  business  is  a 
betting  or  bid  against  futurity,  and  all  that  prudent  people 
(including  the  engineer,  the  accountant,  and  the  financier) 
can  do  is  to  make  reasonable  provision  for  tlie  inevitable 
but  undateable  casualty.  The  question  of  depreciation  has 
been  debated  time  and  again,  particularly  in  the  accountant 
magazines,  and  an  attempt  has  been  made  to  enforce  a 
fixed  depreciation,  particularly  for  municipal  electric 
supply  undertakings,  but  the  consensus  of  opinion  was 
that  there  was  no  absolute  line  to  be  drawn  as  regards 
depreciation  and  th.at  it  must  be  left  to  the  respective 
authorities  to  make  such  provision  for  replacing  capital 
assets  as  might  seem  reasonable.  In  this  connection  I 
might  point  out  two  extremes.  A  steam  engine  has  been 
operating  in  the  neighbourhood  of  Glasgow  for  over 
80  years,  yet  I  have  no  doubt  when  the  plant  was  in- 
stalled its  physical  life  was  not  estimated  to  be  quite  so 
long.  On  the  other  hand,  a  company  was  formed  to 
exploit  a  patent  sodium  process  of  producing  aluminium 
and  it  might  reasonably  be  inferred  that  the  life  of  the 
patent  was  the  14  years  for  which  it  was  granted  and  that 
the  company  would  be  successful,  as  the  cost  of  producing 
aluminium  was  a  few  shillings  per  lb.  when  aluminium 
was  selling  at  about  20s.  per  lb.  Before  the  company  had 
time  to  get  into  practical  operation  the  electrolytic  method 
of  production  came  forward  and  produced  aluminium 
for  pence  per  lb.  so  that  the  patent  was  practically  of 
no  value.  In  both  of  the  cases  mentioned  it  is  quite 
apparent  that  no  scale  of  depreciation  formed  on  any 
physical  or  economic  life  would  have  been  anything  like 
accurate. 

The  factors  which  the  authors  have,  I  think,  wrongly 
obtruded  into  the  question  are  :  (i)  annual  return  on  the 
plant,  and  (2)  maintenance.  Neither  of  these  factors  has 
to  do  with  the  question,  it  being  understood  that  the  main- 
tenance is  always  sufficient  to  keep  the  plant  in  good  going 
order,  and  that  the  plant  is  not  deliberately  allowed  to  go 
to  wreck.  That  being  so,  the  true  question  is  :  (i)  what 
sum  should  be  put  aside  so  that  when  the  life  of  the  plant, 
either  physical  or  economic,  is  finished,  there  is  enough 
cash  provided  to  replace  the  unit  of  plant  ;  (2)  should 
such  sum  be  provided  annualh',  and,  if  so,  should  such 
annual  instalments  be  equal  or  otherwise  .'  The  authors 
have  dealt  with  only  two  aspects  of  depreciation,  viz. 
(i)  physical  life,  commonly  called  wear  and  tear,  and 
(2)  economic  life,  commonly  called  obsolesence  :  but  there 
is  a  depreciation  due  to  decreased  efficiency,  as  when 
a  boiler  can  no  longer  be  used  at  the  original  pressure, 
and  depreciation  in  the  income  tax  sense,  where  so  long 
as  plant  can  earn  its  first  income  undiminished  without 
serious  repairs,  no  allowance  for  depreciation  is  given. 

To  examine  the  figures  in  the  paper,  the  first  thing  that 
calls   for  attention    is   the   different   rate  of  depreciation 
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Mi  M»cv.»a  shown  on  page  138  under  alternative  A  and  alternative  B. 
Why  should  one  be  at  the  rate  of  6  per  cent  and  the  other 
at  3  per  cent  ?     It  cannot  seriously  be  argued  that  a  higher 
pnced   plant   will   lavt   longer   than  a   lower  priced  one, 
indeed  it  inav  possibly  be  that  the  lower  priced  one  is 
"v  and  will  last  longer.     What  a  higher 
.  purchased  for,  is  its  greater  efficiency  ; 
d  point  as  regards  operating  expenses, 
.  add  to  the  life.     If  the  rate  of  depre- 
ciation be   equal   in    both   cases,  the  total    in   alternative 
15  IS  increased  to  £2.550,  and  the  argument  based  upon 
the   figures   falls.     Turning   to  page    139,  I   have  already 
stated  that  the  annual  return  to  the  investor  or  owner  docs 
not  affect  the  annual  rate  at  which  depreciation  should  be 
provided  ;  but  even  allowing  that  it  docs,  the  authors  are 
quite  wrong   in   assuming,   as   shown  in   Table    1,  that  a 
!   annual   return  is  all  that  is  wanted.     In  this 
:i  one  has  to   be  careful   to   distinguish  capital 
from   capital   .assets — and   also   the  actual    sum    invested 
apart  from  any   bookkeeping  or   accountant    methods  of 
stating  accounts.    The  authors  arc  in  error  in  stating  on 
page  139  that  depreciation  will  vary  accordingly  as  plant 
is  written  down    by   the   annual   amount  of  depreciation 
or  as  it  is  put  into  a  fund.     The  facts  must  be  kept  clear. 
If   (>,  be   written  off  an  asset,  that  docs  not  necessarily 
ivcsted.  but  in  a  municipal  undertaking 
.;ion  would  be  either  (i)  to  rep.ay  tlic 
i    ::     '.     i  money  to  the  extent  of  ^5  and  so  save  interest 
(11  !•  r  r    wed  money,  or  (2j  invest  the  isand  obtain  interest 
for  it.    The  tinancial  effect  to  the  undertaking  is  the  same, 
that  is,  the  net  interest  payable  is  now  only  on  £()5,  i.e.  on 
£100  less  £5,  and   if  a  broad  view   be  taken  the  effect 
on  t!  '        '  ;    :  is  the  same  notwithstanding  any  nicely 

of   .1  .!ion.     The  fact  is,  taking  the  authors' 

.y  i.vviitr,  individual   or  body  corporate,  would 
I  yS  per  cent  during  the  whole  life  of  the  plant — 
;  for  interest  and  4-58  per  cent  for  depreciation — 
the  investment   would  be  a  decaying  one.     It 
follows,  therefore,  that  if  5  per  cent  per  annum  is  required 
for  interest  the  figure  in  column  H,  page  141,  also  I'abic  4, 
should  be  A95,  which  with  depreciation  in  column  D,  £Sy, 
equ.i'  I  id  is  the  same  amount  as  shown  in  Table  2. 

\V  :icc  to  the  statement  on  pages  14S  and  149 

as   to   "  Alleged    Objection   to    tlic    Sinking    Fund,"    the 
pn-itirrfi   of    the    straight    line   method   advocates   is   not 
If  the  plant  is  to  be  sold  to  successive  owners 
,    cciation  basis,  the  net  result  that  the  successive 
owners  could  look  for  is  to  gel  back  their  capital  invested 
at  the  end  of  the  life  of  the  plant,  and  the  statement  on 
P^Kc  149  at  to  plant  being  sold  for  id.  is  perfectly  absurd 
of   the    last    owner.     If    the    last 
t   it  for   id.  all  that  he  could  look 
lui  uiid  iili  iiiat  Uc  wuuld  look  for  is  105  per  cent  on  his 


money,  that  is,  he  wants  his  id.  plus  5  per  cent  interest  Mr.  Macoa 
for  the  year,  and  the  .advocates  of  the  straiglit  line  method 
would  not  advocate  that  he  should  look  for  £100.  Time 
docs  not  permit  me  to  go  further  into  this  point  and  I 
will  now  turn  to  the  equation  of  dcpreci.ation.  For 
different  classes  of  plant  there  would  be  little  difficulty  in 
arranging  this  equation  were  there  only  one  of  each  class 
of  plant  A,  B,  and  C.  The  difTiculty.  although  a  small  one, 
arises  when  the  amounts  under  A,  B,  and  C  v.ary  greatly  ; 
but  even  then  there  is  no  real  difficulty,  all  that  requires 
to  be  done  is  to  get  the  amount  expended  on  the  different 
classes  and  the  probable  length  of  life  and  equate  it. 
With  reference  to  depreciation,  in  view  of  the  economic 
life  I  do  not  believe  in  a  separate  improvements  fund.  It 
is  quite  clear  that  if  the  life  of  a  unit  of  plant  can  be 
calculated  on  two  different  bases,  the  shorter  period  ought 
to  be  the  one  upon  which  the  rate  of  depreciation  is  fixed, 
and  it  is  impossible  to  make  an  equation  for  a  physical 
or  economic  life  on  any  one  unit,  .although  it  is  quite 
possible  to  make  an  equation  sufficient  to  meet  the  case 
where  one  portion  of  the  plant  has  only  the  "  physical 
life  "  problem  and  the  other  portion  has  the  "  economic 
life."  With  reference  to  the  paragraph  on  page  153  in 
regard  to  "  depreciation  reserves  invested  in  the  business," 
I  .agree  that  there  is  no  difference  in  principle  whether 
the  reserve  be  lent  outside  or  invested  in  the  business,  but 
I  do  not  agree  that  the  money  must  earn  interest  which 
must  be  credited  to  its  real  source.  The  real  source  of 
the  money  is  the  profit  the  plant  has  earned,  and  it  would 
be  absurd  to  increase  the  profit  by  interest  which  after  all 
must  come  from  more  profit  to  be  earned  by  the  plant. 
As  previously  pointed  out,  the  financi.al  result  of  the  under- 
taking is  the  same  if  an  undertaking  continues  to  p.ay  interest 
on  iTioo  and  receives  interest  on  ;^5  as  when  it  repays  £^ 
of  this  loan  and  only  pays  interest  on  i'95,  and  it  is  to  the 
interest  on  capital  account  that  the  interest  should  be 
credited.  The  paper  bristles  with  controversial  points  and 
I  do  not  .agicc  that  there  is  only  one  common  method  for 
the  financier,  the  accountant,  and  the  engineer.  A  renewal 
fund  for  providing  the  necessary  money  at  the  end  of 
the  physical  life  (page  154)  is  not  absolutely  necessary. 
If  the  money  to  buy  the  plant  originally  has  been  borrowed 
and  has  to  be  repaid  by  depreciation  provided  out  of 
revenue,  the  course  is  left  open,  wlien  the  plant  comes  to 
be  renewed,  of  re-borrowing  and  starting  .afresh.  On  the 
whole  I  do  not  agree  with  the  statement  in  the  last  p.-ira- 
grapli  but  one,  that  the  sinking  fund  method  fulfils  all  the 
requirements  and  the  straight  line  method  does  not, 
because  I  think  that  the  authors  have  started  out  on  a 
wrong  hypothesis  and  their  conclusions  are  therefore 
illusory. 

(The  authors'  reply  to  the  discussion  will  be  found  on 
page   167.) 
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Mr.  J.  Shepherd  :  I  have  no  criticisms  to  offer  on  the 
'"'^^  paper.  I  have  had  experience  of  transmitting  large 
amounts  of  power  from  one  station  to  another  and  have 
never  found  any  difficulty  in  exchanging  power  as  re- 
quired. The  onlj'  point  is  that  the  power  which  can  be 
transmitted  depends  very  much  on  the  size  of  the  cable 
connecting  the  stations  together.  The  instance  I  have  in 
mind  consisted  of  6,600-volt  three-phase  generators  driven 
by  reciprocating  engines  ;  and  with  a  o'i5  sq.  in.  3-core 
cable  and  the  stations  a  mile  apart,  if  more  than  1,500  kw. 
was  transmitted  the  stations  fell  out  of  step.  A  cable  of 
that  size  did  not  seem  to  allow  sufficient  current  to  flow  to 
keep  the  stations  in  step  when  a  certain  power  was  ex- 
ceeded. With  two  feeders  of  the  same  size  3,000  kw. 
could  be  transmitted  before  parallel  running  became  im- 
possible. With  a  more  even  turning-moment,  i.e.  with 
a  turbine  drive,  the  conditions  would  of  course  be  very 
different. 

Mr.  R.  H.  Campion*  :  I  think  the  author  has  almost 
started  the  battle  of  the  systems  again,  apart  from  the 
question  of  what  should  be  the  standard  periodicity.  My 
experience  of  paralleling  stations  goes  back  over  20 
years  when  we  succeeded  in  paralleling  a  single-phase 
system  at  100  periods  with  another  system  more  than  a 
mile  away,  and  we  used  to  be  glad  when  the  stations  were 
disconnected,  and  left  us  with  only  the  substation  to 
supply.  With  the  high  periodicity  I  once  saw  the 
machines  pulled  in  "  dead  out  of  phase."  They  held  in, 
but  the  noise  was  rather  starthng.  What  I  have  noticed 
in  other  stations  in  connection  with  synchronous  sets  is 
that  the  stations  which  had  synchronous  motor-generators 
always  had  the  best  power  factor.  Of  course  that  may  be 
due  to  the  load.  They  were  certainlv  stations  that  were 
principally  supplying  cotton  manufacturers.  I  was  very 
interested  to  see  that  the  author  practicallj'  recommended 
only  the  rotary  converter  for  interconnecting  continuous- 
current  stations.  In  connection  with  rotary  converters  I 
have  noticed  that  they  are  ever  so  much  better  on 
25  periods  than  on  50  periods.  There  does  not  seem 
to  be  half  the  experimental  work  required  with  25  periods 
that  there  is  with  50  periods.  I  must  say  that  I  think  the 
particulars  which  the  author  has  given  us  of  the  tests 
made  at  Salford  as  recently  as  last  week  will  help  con- 
siderably with  the  question  of  linking-up,  provided  that 
someone  can  be  found  to  run  the  low  power  factors, 
aw.  Mr.  J.  H.  Shaw  :  That  part  of  the  paper  where  the 
author  deals  with  speed  regulation  is  unnecessarily 
elaborated.  It  is  not  the  custom  to  allow  full  load  to  be 
taken  up  by  a  station  without  manually  adjusting  the 
governors.  As  the  load  comes  on,  the  governors  are 
regulated  to  keep  to  the  desired  periodicity,  consequently 
the  calculations  showing  variations  of  load  with  different 
speed  variations  are  not  of  much  value. 

*  Paper  by  Mr.  J.  S.  Peck  (see  page  6i). 


Mr.  W.  A.  Christiaxsox  :  The  interconnection  ofMr.  chris- 
stations  again  raises  the  question  of  standardization  of  ''^"^°"- 
supply  systems.  There  seems  to  be  the  general  case 
of  two  or  more  stations  of  the  same  phase  and  frequency 
operating  in  parallel,  and  secondly  the  more  complicated 
cases  of  the  linking-up  of  irregular  systems  Interconnec- 
tion between  three-phase  e.h.t.  stations,  which  can  be 
carried  out  through  the  distribution  systems  or  by  inde- 
pendent interconnectors  between  the  station  busbars,  is 
the  most  important  and  general  case  to  be  considered. 
The  kernel  of  the  whole  subject  of  alternating-current 
station  interconnection  is  voltage  regulation  and  power 
factor,  the  former  being  dependent  on  the  latter.  Unless 
this  matter  receives  careful  attention  the  paralleling  of 
stations  will  not  give  successful  results.  Apart  from  other 
obvious  reasons,  interconnection  emphasizes  the  necessity 
of  improving  the  power  factor  of  the  load  on  systems. 
With  this  done,  the  transmission  problem  will  be  very 
much  easier  and  more  economical.  With  regard  to  the 
results  of  paralleling  the  stations  of  Salford  Corporation 
and  the  Lancashire  Electric  Power  Company,  mentioned 
by  the  author,  the  transmitted  current  was  apparent!}'  at 
leading  power  factor,  and  therefore  to  the  disadvantage  of 
the  receiving  station,  which  would  have  to  run  sufficient 
plant  to  deal  with  the  lagging  current  (assuming  the 
power  factor  of  the  load  on  its  system  to  be  lagging, 
which  is  normally  the  case).  These  results  are  what 
one  would  expect,  and  would  bear  out  my  previous 
remarks  on  voltage  regulation  and  power  factor.  In  the 
case  of  a  transmission  line  which  I  have  in  mind,  calcu- 
lation shows  that  the  power  factor  of  the  transmitted  load 
would  be  about  o-O  leading  for  equal  voltage  conditions  at 
either  end.  Generally  one  cannot  afford  to  work  under 
such  conditions  and  to  deal  with  the  heavy  wattless 
currents  resulting  at  the  receiving  end  of  the  line.  I 
think  the  author  has  attached  too  much  importance  to 
an  aspect  of  governing  which  in  practice  does  not  really 
exist,  mainly  on  account  of  the  fact  that  the  ratio  of  any 
load  fluctuation  to  the  total  load  of  the  sv'stem  and  the 
total  capacity  of  the  generating  plant  is  usually  small,  and 
the  division  of  load  when  paralleling  in  machines  and  at 
times  of  expected  variation  in  the  load  is  done  by  the 
governor  regulators.  Too  fine  governor  regulation  is  not 
necessary  on  the  majority  of  systems,  and  a  moderate 
regulation  gives  more  stabihty,  which  is  desirable  in  the 
interconnection  of  stations  to  prevent  load  fluctuations 
between  them.  In  these  cases  the  regulation  of  the  station 
as  a  whole  must  be  taken.  In  the  case  of  waste-heat 
stations  deriving  power  from  either  live  or  exhaust  steam 
an  independent  governor  controlled  by  the  available  steam 
pressure  is  desirable,  especially  if  the  steam  be  subject  to 
sudden  variations  ;  also  in  such  stations  fine  speed  regula- 
tion is  certainly  a  disadvantage  from  the  point  of  view  of 
utilizing  all  the  available  steam  without  loss.     With  regard 
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»  tu  iicutral>.  3  c;i>c  not  iiicntioiK-d  by  the  autlioi  i>  lli.il  uf 
earthing  at  one  station  and  automatic  earth  gai-o  at  other 
inlcrconnecled  stations  o(  the  same  vull.ifjc,  which 
arrangement  gives  satisfactory  results  in  practice.  Where 
the  interconnection  is  through  transformers,  each  system  , 
can  of  course  operate  its  neutral,  a>  desired,  indepen- 
dent of  the  other.  The  interconnection  of  systems  of 
dilTercnt  frequencies  by  means  ol  two  synchronous 
machines  has  certain  limitations  on  account  of  the  lixed 
speeds  on  cither  side  which  must  be  complied  with. 
This  could  be  got  over  by  gearing,  thereby  permitting 
each  machine  to  be  most  efficiently  designed,  besides 
allowing  exact  s(>ced  ratios  to  be  obtained.  In  conclusion, 
parallel  running  and  interconnection  are  limited  by  the 
prevailing  voltages  in  this  country,  and,  if  they  have  to  be 
done  on  a  large  sc;tlc.  higher  pressures  of  the  order  of 
50,000  volts  or  thereabouts  will  Ih;  necessary  to  overcome 
present  limitations.  This  might  be  prolitable  on  a  large 
system  intended  for  interconnection  and  where  such  was  , 
necessary,  but  whether  the  interconnection  of  many  existing 
^>  stems  would  bear  such  a  cost  is  doubtful.  l 

J*"  Mr.  A.  Pkkkrs<;ill:  From  the  experiments  and  what    , 

has  been  deduced  by  Mr.  Robertson  at  Salford,  by  the  , 
author,  and  by  the  Lancashire  Power  Company,  it  appears 
tliat  there  is  no  difTiculty  in  connecting  slinilai  alternating- 
current  sLitions  in  parallel.  1  myself  do  not  see  why 
there  should  In:,  if  the  link  connecting  the  stations  were 
large  enough. 
Mi  Kci  Mr.  T.  Koi.r:s  :  This  paper   should   be  of  assistance  to 

those  who  are  considering  the  question  of  linking  up  two 
or  more  works  situate  some  distance  from  each  other,  and 
although  some  of  the  points  the  author  has  made  have  been 
slated  to  be  obviou-^,  1  think  it  is  very  useful  to  those  engi- 
neers who  have  to  t.ickle  this  ijucslion  that  these  points 
should  be  brought  to  their  notice.  1  iiLiy  instance  the 
point  with  regard  to  the  difference  in  the  speed  regulation 
of  two  sets  which  may  ha\e  to  run  in  parallel.  Such  differ- 
ence is  not  likely  to  have  so  detriinental  an  effect  in  the 
case  of  two  sct>  in  one  station  as  it  m.iy  have  in  connection 
with  interlinking,  where  it  is  quite  possible  that  some  small 
undertakings  with  sets  of  i,uoo-kw.  or  i.^oo-kw.  capacity 
may  l>e  linked  up  to  others  with  sets  of  lo.ooo-kw.  or 
15,000-kw.  capacity.  There  is  little  doubt  that  tlic  inter- 
connecting c.ible>.  at  any  rale  tho^e  used  in  connection 
with  the  first  attempts  at  linking  up,  will  be  tapped  at 
several  points  l^twccn  generating  stations,  and  if  under 
such  conditions  there  were  some  considerable  difference  in 
the  regulation  of  the  machines,  and  those  in  the  smaller 
works  were  of  closer  regulation  th.iii  the  larger  ones,  and  a 
loadof.say,  1,000  kw.  were  thrown  on  to  the  interconnecting 
trunk,  to  say  the  least  the  sm.iller  works  might  be  very 
seriously  inconvenienced.  Such  being  the  case,  the  point  is 
Woi  ,'  in  mind.     The  question  of  peiiodieilies  docs 

net  I  ly  to  aiuse  nuK  li  Irnuble  in  Yorkshire  since, 

M)  lai  *s  i  dill  aware,  except  in  tuo  instances  every  public 
Mjpply  undertaking  III  the  county  lus  adopted  a  periodicity  of 
50;  under  llies<'c«iiKlilions  inlci  linking  can  l>e  easily  carried 
out  ai  iu  a>  existing  power  ilatioiis  are  concerned.  There 
U,  howc^'cr,  the  qucktion  as  to  what  periodicity  shoulil  be 
adopted  for  the  Urge  generating  works  which  it  may  be 
found  necessary  lo  erect  in  the  neat  future.  The  question 
of'  '"  railway  working  may  affect  this.     Will 

25  '  Itllt'  perioiliiity  for  the  l.uger  stations? 


It  may  not,  but  .it  any  rale  I  think  it  isamatterlli.il  should  Mr  I>'ov< 
be  veiy  thoroughly  looked  into  before  any  super-station  is 
put  down.  Then  again  there  is  the  question  of  voltage  of 
transmission.  Mr.  Christianson  has  already  alluded  to  this. 
He  states  that  the  pressure  should  be  in  the  neighbourhood 
of  50,000  volts.  That  is  also  my  opinion.  I  do  not  think 
much  can  be  done,  except  for  cxperimenlal  work,  with  a 
voltage  of  6,000,  which  has  been  ailopted  by  the  m.ijorityof 
works  in  the  West  Kidiiig  area.  If  the  stations  of  the 
larger  towns  in  this  are;i  are  to  be  iiilerconiiected  for  the 
purpose  of  reducing  the  aggregate  amount  of  st.ind-by 
plant  necessiiry  to  be  maintained,  I  think  Ihat  the  "  Linking- 
up  ■■  Committee  will  have  to  consider  what  is  the  highest 
voltage  that  can  be  used  with  cables  which  can  be  pur- 
chased at  the  present  time  or  in  tlic  immediate  future.  As 
far  as  I  can  find  out  from  cable  makers,  they  are  nol  pre- 
pared to  guai.mlee  cables  lor  use  at  a  higher  volt.ige  than 
33,000.  They  are  prepared  to  make  40,ooj-voIt  cables,  but 
they  will  want  the  customer  to  share  the  risks  of  break- ' 
downs  with  them.  If  I  remember  rightly,  just  prior  to  the 
commencement  of  the  War  there  was  a  proposal  to  use 
50,000-  or  6o,ooo-volt  cables  in  Berlin.  I  have,  however, 
nol  heard  whether  a  transmission  system  at  this  voltage 
with  underground  cables  is  now  in  use  or  not.  Such 
information  is  now  difTicult  to  obtain.  The  tests  that  have 
recently  been  carried  out  at  Salford  are  very  useful,  and 
tlic  information  given  by  the  author  with  regarcl  to  them  is 
most  inteiestiiig.  Many  other  such  tests  will  have  to  be 
made  in  other  loo^ilities.  .\l  the  present  time  the  Bradford 
undcrt.iking  is  linked  up  with  that  of  the  Yorkshire  Klectric 
Power  Company,  but  we  have  not  ycl  attempted  lo  parallel 
the  two  systems.  We  hope,  however,  to  do  so  in  the  near 
future,  and  it  will  be  interesting  to  sec  how  the  load  divides 
bttween  the  two  works.  The  paralleling  of  the  systems 
li.is  not  yet  been  attempted  owing  to  the  connecting  cables 
al  the  Hr.idford  end  being  very  much  overloadi-d.  With 
,  regard  to  earthed  neutrals,  1  came  to  the  conclusion,  prior 
to  hearing  Ihe  authors  remaiks  on  the  subject  to-night, 
that  the  reactances  or  resistances  suggested  in  the  paper 
would  hardly  meet  the  case  in  view  of  the  small  amount  of 
current  necessary  to  interfere  with  telegraph  and  telephone 
circuits.  Kven  in  connection  with  the  running  of  some 
rotary  converlcis  we  arc  informed  that  the  telephone 
system  has  been  interfered  with.  I  do  not  say  that  this 
interference  was  due  to  leakage  currents — it  was  caused  by 
iiuluclion — but  I  inst.ince  the  fact  as  showing  thai  It  does 
not  take  very  much  lo  interfere  with  telegraph  and  tele- 
phone systems.  1  think  that  the  use  of  step-up  and  step- 
down  transformers  is  the  simplest  solution  and  will  form 
the  most  practical  way  of  getting  over  the  earthed  neutral 
diflicully,  as.  however  large  future  generating  stations  may 
be,  in  all  probability  the  pressure  of  generation  will  not 
exceed  6,000  or  10,000  volts,  and  therefore  the  trunk  lines, 
if  designed  for  pressures  from  30,01x1  lo  50,000  volts,  will 
have  lo  be  fed  Ihroiigli  transformers.  Arrangements  can 
be  made  lo  earth  lliese  lines  at  one  end  only,  and  the 
neutral  points  of  each  of  the  6,000-  or  io,tx»-voU  systems 
to  which  the  transformers  arc  connected  can  also  be 
earthed. 

Ml.  W.  M.  Ski.vkv  :  I   have  had  occasion  of  late  to  go  Mi  seir 
extensively  into  the  question  of  power  transmission,  and 
I  have  one  or  two  small  points  to  raise.     I  think  it  would 
tend  lo  clearness  if  one  leali/ed,  in  connecting  two  stations, 
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leivcy.  for  what  primary  purpose  they  are  to  be  connected.  If 
what  is  intended  is  an  increase  in  security  and  the 
minimizing  of  spare  plant,  it  amounts  to  running  more 
generators  on  the  same  busbars.  The  link  is  then  what 
I  should  term  an  "  interconnector "  between  the  two 
stations,  and  this  heavy  copper  cable  is  practically  an 
extension  of  the  busbars.  Such  a  coupling  is  not  used 
primarily  for  the  purpose  of  transmitting  power,  neither 
at  any  time  is  it  used  economically  as  regards  the  copper. 
It  is  a  regulating  device  for  smootliing  out  impulses  and 
kicks,  and  it  is  an  emergency  device  for  exchanging  power 
between  the  busbars  of  the  stations.  The  question  of 
linking  up,  as  we  know  it  to-day,  is  a  somewliat  different 
matter.  It  is  an  attempt  of  a  big  station  to  increase  its 
economic  factor  by  supplying  the  smaller  station  or 
stations  on  such  terms  as  the  smaller  station  itself  cannot 
compete  with.  The  link  between  them  is  of  a  different  [ 
character  from  the  interconnector,  and  I  should  prefer  to 
call  it  a  transmitter.  If  the  transmitter  is  a  long  cable  or 
an  overhead  line,  it  is  nccessar}-  to  consider  that  trans- 
mitter absolutely  as  though  the  smaller  station  were  a 
consumer,  estimating  the  capacity  in  proportion  to  the 
largest  amount  of  power  it  is  required  to  transmit.  Unless 
economic  use  is  made  of  that  transmitter  in  the  same 
sense  as  a  cable  supplying  a  customer,  there  is  very  little 
justitication  for  it.  Moreover,  since  the  consumer  or  small 
station  at  the  end  of  this  transmitter  must  have  his  own 
voltage,  generallj'  speaking  it  is  not  sufficient  to  have  a 
plain  conductor,  but  a  transformer  has  to  be  added.  Also 
if  the  transmitter  is  of  any  length  (and  I  have  found  in 
making  many  calculations  that  anything  like  lo  miles  must 
be  considered  a  considerable  length  in  this  country)  it  is 
necessar}'  to  have  at  one  end,  if  not  at  the  other  as  well, 
some  form  of  voltage  regulation  so  that  the  small  station 
may  have  quite  an  independent  voltage.  This  leads  up 
to  the  question  of  regulating  types  of  transformers, 
the  modern  types  of  which  the  author  has  illustrated, 
the  difficulties  being  largely  connected  with  moving  i 
contacts.  Further,  there  is  not  only  a  question  of  linking 
up  two  stations,  which  is  what  many  speakers  have  dwelt 
on,  but  also  a  question  of  linking  up  a  number  of  stations. 
When  tliere  are  more  than  two,  quite  different  problems 
arise.  Disturbances  have  occurred  in  my  own  experience 
with  isolated  stations  already  linked  up,  and  there  was 
considerable  difticulty  owing  to  the  forced  redistribution 
of  load.  It  results  in  this  :  whenever  any  trouble  occurs 
or  any  heavy  load  comes  on,  it  always  falls  on  the  biggest 
station.  It  seems  to  me  that  the  result  of  economically 
linking  up  power  stations  in  any  district  will  alwa\'s  be 
that  one  master  station  will  do  the  bulk  of  the  work  and 
take  the  bulk  of  the  responsibility,  while  the  smaller 
stations  will  run  at  loo  per  cent  load  factor  for  such  time 
as  they  are  required.  This  will  probably  be  an  8  to  12- 
hour  daytime  shift,  according  to  when  the  peaks  of  load 
occur  in  the  district.  These  small  stations  would  take 
practically  no  responsibility. 

artneii.  Mr.  W.  H.\RTXELL  :  The  economical  advantages  of  com- 
pulsorily  linking  up  over  wide  areas  the  electric  generating 
stations,  existing  or  expectant,  appear  to  be  so  great  that 
compulsion  by  Act  of  Parliament  is  being  seriously  pro- 
posed. On  the  other  hand,  the  electrical  diversity  has 
seemed  at  first  sight  to  render  the  proposal  impracticable. 
This   paper,  coming  as  it  does  from  a  man  of  practical 


experience  and  scientific  attainments,  is  of  great  value  as  ^tr.H.^^tnc^. 
a  pioneer  paper  showing  how  intercommunication  can  be 
made  under  almost  any  circumstances,  so  far  as  electrical 
variations  of  supply  are  concerned.  To  complete  such 
extensive  intercommunication  with  simplicity  and  economy 
and  for  great  final  efficiency,  the  mains  for  the  sub- 
districts  should  be  at  once  determined  and  standardized 
(such  as  three-phase,  53  periods,  io,ooo  volts)  and  all 
intercommunication  be  made  to  the  standard.  Outline 
plans  for  the  scheduled  area  should  be  m.ade  at  the  public 
expense  and  all  necessary  wayleaves  obtained  by  law. 

Mr.  X.  Stell  :  One  of  the  great  factors,  as  I  understand  Mr.  steil. 
it,  in  the  electrical  world  is  the  question  of  cables.  The 
life  of  a  cable  to  a  power  engineer  is  a  very  considerable 
point.  Nothing  has  been  said  in  this  paper  as  to  the  effect 
on  the  cables — I  mean  the  mains  of  interconnecting  stations 
— by,  say,  such  things  as  the  incorrect  adjustment  from 
one  station  to  another,  which  might  cause  a  very  serious 
breakdown  in  the  cable,  and,  as  is  suggested  by  the  author, 
might  cause  a  serious  breakdown  in  the  group  of  stations. 
I  think  it  would  be  of  interest  if  information  could  be  given 
on  tliese  points,  and  it  might  be  materiall)-  helpful  to 
manufacturers  and  engineers  to  know  what  is  the  best 
kind  of  cable  to  use  for  the  work  and  also  the  be^t  kind 
of  insulation. 

Mr.  J.  E.  Storr  ;  The  points  which  strike  me  most  for-  Mr.  StoiT. 
cibly  in  the  consideration  of  linking-up  schemes  are  the 
necessity  of  higher  voltages  and  the  correction  of  power 
factor.  Until  we  can  get  forward  with  transmission  at 
higher  pressures  than  the  existing  6,000  or  10,000  volts, 
not  much  headway  will  be  made.  I  think  that  perhaps  too 
much  consideration  has  been  given  to  the  power-house 
point  of  view.  The  matter  of  interconnected  running  will, 
I  consider,  have  to  be  settled  on  the  outside  system.  The 
higher  pressure  cables  will  reduce  the  cable  losses,  the 
regulation  will  be  improved,  and  with  improvement  of 
power  factor  awa\'  from  the  generating  station,  the  stability 
of  interconnection  will  be  more  secure.  Mr.  Roles  has 
mentioned  a  maximum  voltage  of  30,000  as  a  possibility 
to-day.  I  think  higher  voltages  are  actually  available  to 
us  even  now.  The  cable  manufacturers  are  making  cables 
to  witli  stand  acute  tests  for  a  working  pressure  of  30,000 
to  33,000  volts,  but  the  cable  will  withstand,  and  probably 
work  satisfactory  at,  50,000  volts  if  the  purchaser's  tests  at 
the  factory  were  more  reasonable,  particularly  the  bending 
tests,  and  the  final  reliance  placed  upon  a  reasonable 
over-pressure  test  after  laying.  I  suggest  that  with  higher 
voltages  and  some  form  of  power-factor  correction  we 
shall  be  able  the  more  effectively  to  deal  with  the  problem 
of  interconnected  running  and  e.xchange  loads  which  will 
be  worth  while. 

Mr.  W.  L.WG  :  I  was  interested  in  Mr.  Campion's  remarks.  Mr.  Laig. 
In  connection  with  this  very  important  question  now 
before  the  electrical  world,  I  think  that  so  much  im- 
portance may  be  attached  to  it  that  one  cannot  "  see  the 
wood  for  the  trees,"  and  that  one  may  lose  sight  of  the  fact 
that  the  cost  of  interconnecting,  and  the  troubles  always 
incidental  to  any  attempt  to  connect  different  stations 
together,  may  not  be  worth  the  bother.  The  money 
spent  and  the  effort  exerted  in  that  direction  might  be 
used  to  better  advantage  if  it  were  admitted  that  in  certain 
small  stations  much  better  results  would  be  obtained  by 
using  such  stations  simply  as  distributing  centres  than  by 
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attempting  to  keep  the  slaflfs  with  the  object  of  K<-'tti"g 
the  too  per  cent  load  factor  to  which  Mr.  Sclvcy 
referred. 

Mr.  H.  K.  Yerbi'RY  (tcmnnini^iitcJ) :  The  parallel  opera- 
tion of  stations  carries  with  it  no  insurmountable  ilithcultics 
except  perhaps  I'lnancial,  and  if  stations  were  owned  by 
different  authorities  it  should  be  made  clear  at  the  outset 
that  such  linking  up  is  only  juslifialilc  if  each  autliority  is 
benefited  thereby.  The  question  of  voltage  regulators  and 
power  f.ictor  and  frequency  is  one  of  great  moment,  and 
each  scheme  will  have  to  be  dealt  with  and  considered  on 
Its  merits,  .\utomatic  devices  will  doubtless  be  required 
at  each  station,  so  that  as  far  as  possible  regulation  of 
v.iji.i^e  with  lo.id  will  roult.  Protective  gear  is  also  essen- 
tial. The  matter  of  transmitting  energy  in  either  direction 
a*  and  when  rc<]nircd  will  po>>ilily  justify  a  control  cngi- 
I  i.  Suitable  recording  apparatus  will  also 

\'  ly  various  authorities.     The  subject  of 

earthed  neutrals  raised  by  the  author,  and  more  especially  the 
question  of  high-frequency  and  other  circulating  currents, 
appears  to  be  on  a  par  with  the  line  of  thought  so  often 
expressed  in  the  early  tramway  days  as  regards  electrolytic 
action  on  pipes  from  stray  currents.     I  think  the  possible 
trouble  is  greativ  magnilied.     1  have  in  mind  several  cases 
of  earthing  st.ir  points  at  many  places,  also  instances  where 
neutrals  were  cross<.-d  by  mistake  for  long  periods,  result- 
ing  in    heavy  currents  (lowing,  yet  no   complaints  were 
made  by  the  Post  Office  engineers  and  as  far  as  I  know 
no  damage  was  done  to  anything.    It  must  be  remembered 
that  great  advances  have  been  made,  not  only  by  generator 
designers  in  eliminating  higher  harmonics,  but  also  by  Post 
Office  engineers  in  the  design  of  cables  and  mechanism, 
so    that    clectrosLitic   and   earth-current   electromagnetic 
effects  arc  minimized   if   not  altogether  neutralized.     As 
ibles  .ire  invariably  run  in  c.isl-iron  pipes 
L    cables  are  lead  covered,  I  think  that  in- 
duction troubles  and  magnetic   effects   are  dissipated  or 
ci'iilined  to  the  magnetic  field  around  the  iron  pipes.     I 
should  be  glad  if  the  author  would  cite  cases  in  Kngland 
w'    .<     f,  1.  I 'lonc    and   Iclcgr.iph   circuits   have   been    in- 
:    .ted,  and    under   what    conditions    it    toc<k 
1    I        \\  .■  :l.:i  with  ovcrhe.id  or  underground   transmis- 
I  '     ^.  that  where  transformers  aie  inserted  in  the 
_:  circuits  no  trouble  need  be  apprehended. 
1  have  run  an  i  i,joo-voll  tliree-phase  station 

in  parallel  with  a  two-phase  2,loo-volt  station  for  about 
lo  years  with  satisfactory  results.  Scott -connected  trans- 
formers arc  installed  at  each  station,  with  a  transformer 
'  t  the  one  and  a  synchronous  motor-generator  at 

so   that    load   can   be  varied   within   reasonable 
lied.     I  am  glad  to  know 
:  ions  already  raised  as  to 
lis    I  ooslers,   and    regulating 
litinuous   current  is   required 
'  s  on  a  large  scale  (here  is  a  great 
...icrs,  which  arc  most  useful  where 
I    at    unity   power   factor.     Consumers 
■   "  ■       .IIS  machinery  nin- 

:  :  and  considering 


that  the  capacity  of  tlie  generating  plant  and  cables  would  Mr. 
be  increased  and  the  losses  in  generation  and  distribution  ^  ■^' ''"'>• 
reduced,  a  reasonable  concession  of,  say,  5  per  cent  should 
be  made   in    the  price   per   unit    supplied    to  these  con- 
sumers.    I  think  that  rotary  converters  will  take  a  promi- 
nent part  in  interconnecting  systems  in  the  future. 

Mr.  J.  S.  Pkck  (<(i   reflv):  Mr.  Shepherd's  information  Mr.  i'e<.i:. 
regarding   the   limiting  load  which  could  be  transmitted 
through  a  cable  of  a  certain  cross-section  is  quite  inter- 
esting, though,  .is  he  points  out,  the  limits  might  be  very 
different  in  the  case  of  turbine-driven  machinery. 

Mr.  Shaw  thinks  that  the  part  of  my  paper  deaUng  with 
speed  regulation  is  unnecessarily  elaborate,  as  it  is  not  the 
custom  to  allow  full  load  to  be  taken  up  by  a  station  with- 
out adjusting  the  governors  by  hand.  It  is  true  that  in 
the  majority  of  cases,  and  particularly  in  the  case  of  I  >rge 
stations,  it  is  possible  to  adjust  the  governors  from  time 
to  time  in  order  to  keep  tlie  frequency  constant  and  to 
distribute  the  load  among  the  different  machines  as 
desired,  and  under  these  conditions  it  is  possible  to  use  a 
very  much  smaller  frequency  changer  for  linking  up  two 
systems  than  in  the  case  where  load  fluctuations  are  so 
rapid  that  hand  regulation  is  not  possible.  I  endeavoured 
to  point  this  out  in  the  paper,  and  my  purpose  was  to  show 
the  maximum  lo.id  which  could  be  thrown  on  the  inter- 
connecting link  where  load  fluctuations  were  too  rapid  to 
admit  of  liand  adjustment. 

Mr.  Chiistianson  makes  a  number  of  remarks  with 
reference  to  governor  settings  and  speed  regulation,  with 
which  I  am  in  general  agreement.  His  suggestion  as  to 
the  use  of  gearing,  in  order  to  obtain  the  correct  speed 
'  ratio  for  synchronous  frequency  changers,  is  one  which 
I  has  been  made  previously,  and  I  believe  under  certain 
conditions  it  offers  a  number  of  advant.iges.  The  great 
objection  is  the  high  cost  of  gears.  With  regard  to  high 
voltage  for  use  on  the  interconnecting  lines,  I  have  already 
discussed  this  point  in  replying  to  previous  speaker.'. 

Mr.  Selvey  raises  a  number  of  very  interesting  points, 
but  most  of  them  are  of  a  commercial  rather  than 
engineering  nature,  and  I  think  they  have  been  treated 
rather  fully  in  some  of  tlic  reports  made  by  the  "  Linking- 
up  "  Committees. 

Mr.  Stell  asks  for  information  regarding  cables.  1  am 
afraid  I  cannot  give  him  much  inioimation  on  this  point, 
as  I  think  that  in  general  the  engineers  responsible  for 
distribution  have  had  much  more  e.vperieuce  with  cables 
than  have  the  manufacturers  of  electrical  machinery. 

Mr.  Yerbury's  remarks  with  regard  to  the  earthing  of 
neutral  points  at  different  points  of  a  syitcm  are  quite 
interesting.  It  is,  however,  a  rule  established  by  the  Hoard 
of  Trade  that  a  system  should  not  be  earthed  at  more  than 
one  point,  and  I  imagine  there  w.as  some  reason  for  estab- 
lishing this  rule.  I  know  of  one  recent  case  where  very 
serious  trouble  was  caused  to  tiliphone  or  tclcgr.iph 
circuits  due  to  high  frequency  currents  flowing  through 
Ciirlh  iKtween  two  stations.  This  lioiiblc  occurred  in 
'  Ixindon  within  a  couple  of  years,  and  while  I  have  not 
full  paiticul.irs  I  have  no  doubt  Mr.  Ycrbury  could  obtain 
them  if  he  cares  to  do  so. 
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Mr.  H.  \V.  Clothier  :  The  author  has  spoken  of  coming 
to  Newcastle  with  coals,  and  really  it  does  seem  that 
development  in  the  matter  of  linking  up  power  stations 
is  further  advanced  in  this  district  than  elsewhere,  for 
there  are  no  less  than  i6  power  stations  interconnected 
and  running  continuously  in  parallel  on  one  system.  An 
important  detail  is  the  design  of  switchgear,  as  it  involves 
an  increase  in  the  power  dealt  with,  consequently  the  work 
done  by  the  gear  in  breaking  short-circuit  currents  becomes 
heavier.  In  America  it  would  appear  to  be  the  practice 
to  use  definite  time-limit  devices  on  the  power-station 
control  gear  for  the  expressed  purpose  of  reducing  the 
stress  on  a  switch  when  breaking  the  heavy  short-circuit 
currents.  This  time-limit  is  adjusted  so  as  to  delay  the 
operation  of  the  switch  until  the  current  has  had  time 
to  die  down  to  the  sustained  short-circuit  current  stage. 
On  the  other  hand,  in  this  district  the  objective  has  always 
been  to  intercept  the  short-circuit  current  by,  as  nearly  as 
possible,  an  instantaneous  break,  having  the  "  continuity 
of  supply  "  as  a  first  consideration.  Will  the  author  give 
us  information  as  to  the  experience  in  the  States  in  regard 
to  the  effect  of  time-limit  devices  on  the  "  continuity  of 
supply"?  Does  not  the  practice  savour  of  the  switch  being 
spared  at  the  expense  of  the  consumers  ?  What  length  of 
time  is  necessary  between  the  occurrence  of  a  fault  and 
the  actual  rupture  at  the  switch  sparking-contacts,  in  order 
to  prevent  the  fault  remaining  on  the  system  long  enough 
to  risk  the  synchronous  plant  running  out  of  step  (and 
incidentally  to  prevent  the  operation  of  no-voltage  devices 
sometimes  used  on  the  consumer's  plant)  ?  It  has  been 
estimated,  on  a  system  such  as  that  on  the  North-East 
coast,  at  o'5  second  ;  it  may  be  much  less,  and  would  of 
course  be  affected  by  the  nature  and  relative  position 
of  the  fault  in  respect  to  the  plant.  The  conditions  here, 
anyhow,  do  not  allow  any  appreciable  margin  of  time  for 
the  introduction  of  "definite,"  "  inverse,"  or  "fuse"  time- 
limits.  For  even  when  due  regard  is  given  in  design  to 
the  maximum  speed  of  automatic  operation,  it  is  not  usual 
to  commence  the  actual  break  in  less  than  o'i5  second, 
this  time  including  that  occupied  by  the  relay,  the  trip 
coil,  and  the  switch  mechanism,  up  to  the  moment  of  the 
separation  of  the  sparking  contacts.  On  a  system  where 
the  characteristics  of  the  generating  plant  are  such  that 
the  initial  instantaneous  short-circuit  current  is  25  times  the 
aggregate  r.m.s.  normal  full-load  current,  the  instantaneous 
current  at  015  second  (periodicity  40)  is  about  12  times 
the  normal.  W'hereas  a  further  delay  of  i  or  2  seconds' 
duration  allows  the  waves  to  die  down  to  the  sustained 
short-circuit  current,  i.e.  to,  say,  3  times  the  normal.  The 
resultant  reduction  is  a  considerable  factor  in  the  strength 
of  the  switch  ;  but  it  is  questionable  whether  it  is  wise  to 
take  advantage  of  it,  particularly  if  it  is  taken  at  the  cost 
of  jeopardizing  the  supply  to  the  consumers.  Moreover, 
when  considering  the  strength  of  switches,  there  is  another 
point  to  be  taken  into  account,  namel)',  that  on  some 
occasions  (remote  they  may  be)  a  switch  may  be  called 
upon  to  break  circuit  between  the  initial  short-circuit 
current  waves.  For  instance,  a  fault  starts  between  one 
phase  and  earth,  the  current  limited  by  the  resistance 
to  the  neutral  point  of  the  generators,  at  the  initial  stage    | 
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is  not  seriously  heavy.  But  suppose  the  fault  grows  and  c'^tiiier. 
develops  into  a  short-circuit  between  phases  simultaneously 
with  the  actual  separation  of  the  switch  contacts,  then  the 
switch  has  to  clear  under  the  most  severe  condition.  Time- 
limit  devices  are  no  safeguard  against  such  a  contingency. 
To  sum  up,  therefore,  when  considering  switchgear  in 
relation  to  linking  up  it  is  advisable  to  bear  in  mind  that 
the  stresses  on  the  switches  on  most  occasions  may  be 
reduced  materially  by  the  introduction  of  a  short  time- 
limit,  the  amount  being  determined  by  the  limit  to  which 
the  synchronous  plant  will  go  without  running  out  of  step. 
.At  the  same  time  it  must  not  be  taken  for  granted  that  this 
precaution  alone  renders  the  switch  entirely  immune  from 
having  to  interrupt  the  circuit  between  the  worst  impulses. 
The  only  safe  way  is  to  ensure  that  each  switch  will  be 
made  capable  of  withstanding  the  maximum  stresses  that 
can  appertain  en  breaking  short-circuits  under  the  heaviest 
momentary  conditions  within  its  sphere  of  action. 

Mr.  ].  R.  Beard:  In  previous  discussions  of  this  paper  .Mr.  Be.ird. 
the  author  has  been  somewhat  severely  criticized  and 
numerous  supposed  difficulties  in  parallel  running  have 
been  put  forward.  I  think  therefore  that  the  best  service 
we  can  do  to  him  and  to  the  electricity  supply  industry  in 
general  is  to  emphasize  the  fact  that  parallel  operation 
over  extensive  areas  has  been  an  accomplished  fact  on  the 
Xorth-East  coast  for  many  years.  While  this  has  already 
been  mentioned,  I  think  that  many  engineers  in  other 
parts  of  the  country  do  not  quite  appreciate  that  the  load 
on  the  Xorth-East  coast  interconnected  system  with  its 
16  or  so  power  stations  scattered  over  the  area  verges  on 
100,000  kw.  and  accounts  for  about  one-fifth  of  the  total 
electricity  generated  in  public  supply  stations  in  the  United 
Kingdom.  So  far  as  parallel  operation  of  systems  of  the 
same  frequency  is  concerned  this  cannot  but  be  conclusive. 
This  district  can  claim  to  have  been  the  first  in  this 
country  where  parallel  operation  of  power  stations  was 
carried  into  effect.  In  1904  Neptune  Bank  and  Carville 
power  stations  were  run  in  parallel,  the  plant  of  the  former 
consisting  of  low-speed  reciprocating  sets  and  that  of  the 
latter  of  steam  turbines  ;  in  1905  a  station  some  8  miles 
distant  was  coupled  up  and  so  far  as  I  am  aware  no  trouble 
has  ever  been  experienced  in  the  parallel  operation  of 
these  stations.  In  1912  the  big  stride  was  taken  of  running 
power  stations  on  the  Tees  in  parallel  with  power  stations 
on  the  Tyne,  the  nearest  route  between  them  being  42 
miles.  At  one  end  power  was  generated  at  6,000  volts, 
transmitted  some  distance  at  this  pressure,  and  stepped 
up  to  20,000  volts  for  the  main  transmission,  after  which 
it  w-as  stepped  down  to  11,000  volts,  transmitted  further  at 
this  pressure  and  again  stepped  down  to  3,000  volts.  As 
a  matter  of  interest  I  have  worked  out  on  the  basis  of 
Appendix  i  of  the  paper  some  figures  relating  to  this  case 
of  parallel  operation.  The  capacity  of  the  plant  at  the 
Tees  was  about  6,000  kw.  and  on  the  Tyne  about  30,000  kw. 
The  total  resistance  per  phase  between  the  stations  was 
23  ohms  and  the  reactance  18-2  ohms,  of  which  3-2  was 
represented  by  the  alternators  themselves.  Assuming 
that  the  synchronizing  power  would  have  been  100  per 
cent  if  the  whole  of  the  plant  had  been  concentrated  in  a 
single  power  station,  the  synchronizing  power  under  the 
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M-.  licj>A  conditions  mentioned  with  the  plant  in  two  sections 
41  milo  ajMTt  was  reduced  to  dj  per  cent.  In  tins  particu- 
lar instance  there  is  no  doubt  that  the  hmit  of  successful 
operation  was  closely  approached,  as  although  no  actual 
trouble  was  experienced  there  was  swinging  on  all  the 
in-Jr  lid  the  swinging  could  actually  be  detected 

in  tl  .ig  of    the   plant.     From  tests   which  were 

made  It  was  found  that  the  swinging  was  much  worse 
with  certain  machines  in  commission  than  with  others, 
but  whatever  the  cause  of  the  swing,  the  fact  that  it  could 
be  produced  was  evidence  that  the  synchronizing  power 
was  very  low.  At  the  time  consideration  was  given  to 
taking  steps  to  reduce  the  swinging,  hut  fortunately  there 
was  no  need  for  this,  as  due  to  the  natural  growth  of  the 
•'  c  amount  of  copf>cr  between  the  two  systems 
,  ly  increased  and  the  trouble  soon  died  away. 
T!ii>  inciJcnt.illy  c.iUs  attention  to  the  fact  that  distant 
stations  should  lie  linked  up  through  as  much  copper  as 
possible  and  not  through  one  or  two  special  intcrconncctors. 
In  this  district  frequency  changers  have  not  been  much 
used  up  to  the  present,  although  two  or  three  have 
been  installed  in  connection  with  a  supply  to  a  large 
colliery  system.  Fortunately  when  systems  of  different 
frequency  have  in  the  past  hecn  linked  up  with  the  main 
system  it  has  been  possible  to  convert  the  smaller  systems 
to  the  standard  frequency  without  much  trouble,  and  this 
undoubtedly  makes  the  simpler  job  when  it  can  be 
finanti-illy  justified.  I  think,  however,  a  safe  deduction 
from  the  paper  is  that  there  are  no  serious  lechnical 
difficulties  in  the  use  of  frequency  changers  pro- 
vided they  are  not  too  small  rel.itively  to  the  smaller 
si|-stcm  to  which  they  are  linked  up,  and  that  their 
use  is  a  question  of  balancing  their  capital  cost  and 
losses  atjainst  the  reduction  in  standby  pl.int  and  the 
generating  electricity  in  the  most  econo- 
As  the  maximum  synchronizing  power  of 
the    ■  changers    has    so    much   influence   on   the 

min;  •>(  set  which  it  is  permissible  to  use.it  might 

be  worth  while  to  pay  careful  attention  to  installing 
frequency  changers  in  such  positions  on  the  network  as  to 
give  the  maximum  synchronizing  power.  ( icnerally  speak- 
1        '  '■      .    :ir  to  be  when  the  frequency  changers  are 

w.iv  between  the  two  generating  pl.mls, 
will  -cms  ti>  be  to  install  them  in 

one  IIS.     Turning  to  Fig.  i  of  the 

paper,  showing  a  diagram  of  connections  of  a  voltage 
reguLilor,  I  notice  that  it  is  arranged  to  regulate  on  two 
phases  only ;  our  practice  lias  been  to  regulate  on  all  three 
pha-  ■  •'— rwisc  the  neutral  point  on  one  side  would 

be  I    should  like  to  have  seen  a  little    more 

inform  in  n  ;ii  Ihc  paper  on  this  question  of  voltage  regu- 
lators, a*  ST)   litile   woik   appc-irs   to   have   been   done   on 

'v  .1  few  years  ago  it  was 

lor  any  apparatu<>  of  this 

type.     I  '>n  a  Urge  system,  but  unfor- 

lanalrV.  ,'cnsivc  and  involve  a  quantity 

of  ■<  There  are  a  numl»er  of  points  in  connection 

w"  ■■  '-   •-■■•ire  attention,  Ihe   principal    being 

•■od  i.icc  and  motl  careful  attention  to 

.'    '   '■       •uthor   h,»s  raiscrl  the 

I  ■.il   fur    rartliirig   the 

'  lit    f)f 

illlAgC 


in  earthing  at  several  points,  and  I  think  the  fear  that  such  Mr  BrsH 
a  course  would  result  in  interference  with  telegraph  and 
telephone  circuits  is  due  to  a  large  extent  to  a  misunder- 
standing of  the  effect  of  such  multiple  earthing.  When 
the  neutral  is  earthed,  whether  at  one  or  more  points,  heavy 
currents  must  flow  under  certain  fault  conditions,  and  these 
currents  must  be  the  determining  factor  in  causing  dis- 
turbance to  telegraph  or  telephone  systems.  We  know 
that  in  the  great  mijority  of  cases  no  trouble  docs  arise 
under  such  fault  conditions  and,  if  this  is  so,  surely  the 
relatively  small  triple-frequency  currents  which  might 
flow  between  the  various  earthed  neutrals  would  be  still 
less  likely  to  cause  any  trouble.  On  the  other  hand, 
multiple  earthing  is  in  many  w.iys  beneficial  in  preventing 
iiilerferencc  with  telegraph  and  telephone  circuits,  as  it 
ensures  that  faults  on  feeders  arc  of  sufticicntly  low  resist- 
ance to  operate  the  protective  apparatus  under  the  most 
onerous  conditions  and  with  a  minimum  of  delay.  Further, 
in  such  a  case  the  fault  current  will  usually  tend  to  divide 
in  several  directions  instead  of  being  all  bunched  in  a 
single  direction.  With  modern  machines  the  wave-form 
approximates  so  closely  to  the  true  sine  wave  that  the  values 
of  the  triple-frequency  currents  will  be  very  small.  They 
can,  however,  be  still  further  reduced  if  an  earthing  react- 
ance is  used  in  place  of  an  earthing  resistance.  If  the  two 
were  both  designed  to  allow  the  same  fault  current  to  pass 
at  normal  frequency  it  i>  obvious  that  the  reactance  would 
interpose  three  limes  tlie  obstruction  to  the  circulation  of 
the  triple-frequency  currents.  If  instead  of  earthing  the 
neutrals  of  machines  or  step-up  transformers  the  neutral 
of  the  system  is  earthed  through  special  earthing  react- 
ances connected  direct  through  switches  to  the  busbars  of 
the  stations,  I  believe  on  three-phase  systems  there  is  no 
tendency  for  triple-frequency  currents  to  be  produced 
between  the  neutral  points  of  such  reactances.  This 
follows  because  triple-harmonic  voltages  do  not  normally 
exist  ill  the  line  voltages  of  ordinary  three-phase  systems, 
but  only  in  the  pli.ase  voltages  of  the  generating  plant.  If 
the  author  can  conclusively  conlirm  this  il  would  be  an 
important  argument  in  favour  of  modifying  the  existing 
restrictions  on  the  c;irthing  of  the  neutral  so  as  to  permit 
of  multiple  earthing,  provided  it  was  carried  out  in  such 
a  way  as  to  avoid  circulating  currents  under  normal 
conditions. 

Mr.  C.  TfRXiifi.i. :  The  problem  which  will  cause  most  Mr. 
dit'liculty  is  where  a  comparatively  small  amount  of  power 
is  transmitted  from  one  .system  to  another.  Suppose  that 
wc  have  two  stations,  one,  say,  of  lo.ooo  kw.  and  Ihe  other 
of  5,000  kw..  the  frequencies  being  respectively  50  and 
40  periods.  It  is  necessary  to  transmit  1.000  kw.  from  one 
system  to  the  other.  The  problem  which  arises  is,  how 
can  the  i,oookw.  niotor-gcncralor  keep  the  io,ooo-kw. 
and  the  5.c>ookw.  stations  in  step  ?  If  the  motor-generator 
is  synchronous  throughout,  it  becomes  a  difltcult  task  to 
"  phase  in  "  the  second  machine,  and  when  in  phase  the 
l,ooo-kw,  capacity  would  be  insuflicient  to  hold  the  two 
stations  in  step  in  all  circumstances.  The  use  of  an  induc- 
tion motor  would  overcome  part  of  the  trouble,  especially 
with  a  phase  advancer  to  bring  up  the  power  factor,  but 
in  this  case  il  would  be  necessary  to  adjust  Ihe  frequency 
of  at  any  rate  one  station,  from  lime  to  time,  lo  ensure  that 
the  right  amount  of  power  wms  transmitted.  This  would 
nol    .always    l>c    practicable,   especially   if   two   or    three 
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stations  were  linked  up.  A  motor-generator  has  been 
introduced  by  an  English  company  in  which  the  stator 
is  arranged  on  bearings,  so  that  it  can  be  rotated  by  a 
motor  which  gives  the  torque  required  to  transmit  any 
particular  power.  This  automatically  compensates  for  any 
variation  in  the  periodicities  of  the  two  systems.  The 
motor-generator  can  be  synchronous  throughout,  or  one 
end  can  be  induction,  as  may  be  required.  If  the  machine 
proves  reliable,  it  -should  overcome  all  difficulties  and 
greatly  help  progress  in  linking  up. 
ison.  Mr.  J.  W.  Jackson  :  A  point  which  calls  for  special 
attention  in  connection  with  this  paper  is  the  desira- 
bility of  perfecting  the  mechanical  features  of  generator 
governors  so  as  to  ensure  as  far  as  possible  an 
even  turning  moment.  The  previous  speaker  mentioned 
the  difficulty  of  getting  one  system  in  parallel  with 
another.  It  is  known  that  on  some  plants  the  governor 
gear  does  not  ensure  an  even  turning  moment,  i.e.  a 
governor  gear  may  be  so  good  from  one  point  of  view  that 
it  controls  the  mean  speed  of  the  generating  plant  within 
2  per  cent  up  or  down,  and,  although  this  may  be  very 
excellent,  it  is  of  greater  importance  to  ensure  that  the 
governor  control  is  free  from  periodic  variation.  Acute 
variations  may  be  set  up  through  badly  cut  governor  gear- 
wheels, or  slackness  of  governor  bearings,  or  unsuitable 
damping  appliances,  and  although  all  these  faults  may  be 
present,  the  mean  speed  can  be  kept  within  the  above- 
mentioned  limits  and  yet  the  disturbance  to  the  system  or 
systems  may  be  so  serious  as  to  prevent  two  sections  being 
run  in  parallel,  thereb}'  causing  the  electrical  specialist  to 
hunt  all  over  the  lines  for  those  peculiar  demons,  such  as 
harmonics,  resonance,  distortion  of  wave-form,  etc.  Some 
or  all  of  these  may  be  present,  and  undoubtedly  are,  but 
as  a  rule  they  can  be  entirely  removed  by  attending  to 
such  a  tin}'  detail  as  badly  cut  gear  wheels  on  the  governor 
gear,  etc.  Now  that  electrical  generators  have  attained 
such  a  high  degree  of  excellence  the  above  would  appear 
to  be  a  more  frequent  cause  of  trouble  than  has  been  the 
case  in  the  past.  It  is  very  interesting  but  surprising  to 
hear  that  engineers  connected  with  big  power  plants 
profess  doubt  about  the  value  of  running  large  elec- 
trical systems  in  parallel,  or  even  the  mere  possibility  of 
doing  so.  We  on  the  North-East  coast  have  seen  this 
scheme  worked  out,  and  have  known  it  in  operation  for 
many  years.  It  has  in  fact  become  such  a  natural  thing  with 
us  that  we  cannot  understand  why  other  electrical  under- 
takings are  not  doing  likewise.  At  the  same  time,  I 
remember  some  i,5oo-kw.  simple  compound  engines 
driving  electrical  generators  which  were  required  to 
run  in  parallel  with  some  four-cylinder  engines,  and  the 
trouble  between  the  two  sets  of  engines  was  indeed  acute, 
and  the  electrical  troubles  on  that  system  were  very  great. 
These,  however,  were  undoubtedl}'  set  up  by  an  inherent 
fault  in  the  design  of  the  cross  compound  engine  as  apart 
from  the  governor  scheme.  Charging  arrangements  for 
electrical  cables,  spark  gaps,  and  a  great  amount  of  most 
complicated,  intricate,  and  difficult  apparatus  had  to  be 
used.  It  is  understood,  however,  that  the  trouble  has  now 
been  entirely  overcome  by  the  installation  of  turbine- 
driven  generators.  Another  point  which  appears  to  cause 
some  engineers  a  good  deal  of  trouble  is  that  of  sharing 
the  load  between  the  various  sj'stems.  This  cannot  be 
described  as  any  trouble  at  all  on  the  North-East  coast,  as 


the  generating  stations  in  the  respective  areas  carry,  with-  Mr  Jackson. 
out  any  difficulty  whatever,  the  amount  of  load  which  it 
can  be  predetermined  they  should  carry,  although  some  of 
the  power  stations  mav  be  as  far  as  40  miles  apart.  There 
is  still  another  point  in  this  paper  which  is  of  interest,  and 
that  is  the  use  of  frequency  changers.  It  would  appear 
that  synchronous  frequency  changers  are  the  most  de- 
sirable, because  it  appears  to  be  possible  with  only  this 
type  of  machine  to  interchange  load  between  the  respec- 
tive systems  without  causing  any  serious  variation  in  the 
speed  of  an)'  of  the  systems,  as  would  be  the  case  if 
asj'nchronous  machinery  were  adopted. 

Mr.  R.  M.  LoxGMAX  :  I  should  like  to  join  with  Mr.  Mr. 
Jackson  in  stating  that  one  of  the  most  important  ques- 
tions in  connection  with  parallel  operation  is  the 
governors.  On  Tees-side  when  first  linked  up  with  the 
stations  on  the  Tyne  it  was  noticed  that  when  a  certain 
governor  was  adjusted  the  swinging  already  mentioned 
was  very  much  reduced.  Swinging  always  shows  most  on 
indicating  wattmeters  and  power-factor  meters,  but  it  is 
now  practically  negligible.  Of  course,  all  the  prime 
movers  are  steam  turbines.  Trouble  may  be  experi- 
enced in  connecting  up  small  stations  where  recipro- 
cating sets  are  used,  but  this  will  disappear  with  the 
reciprocating  sets.  In  linking  up  stations  of  different 
capacities,  or  where  the  plant  and  switchgear  are  not  of 
sound  mechanical  construction,  in  the  case  of  a  fault  on 
such  apparatus  considerable  damage  is  likely  to  occur. 
In  the  satisfactory  operation  of  small  stations  much  will 
depend  on  the  setting  of  the  protective  gear.  One  of  the 
chief  items  in  the  satisfactory  operation  of  power  stations 
is  a  reliable  straight-through  telephone  connection  between 
the  stations  concerned.  In  regard  to  the  earthing  of  the 
neutral,  I  would  piefer  the  scheme  suggested  in  section  (</) 
on  page  64,  as  I  consider  such  an  arrangement  to  be 
necessary  to  keep  down  the  current  in  the  case  of  a  bad 
fault.  The  practice  is  generally  adopted  of  earthing  only 
onfe  power  station,  and  this  station  may  be  isolated  by  a 
bad  fault ;  trouble  may  then  be  experienced  when  closing 
up  again  with  the  fault  still  on.  I  think  it  would  be 
satisfactory  to  run  with  two  points  earthed  through 
resistances  or  reactances,  but  preferablj'  reactances.  It  is 
advisable  to  run  the  different  stations  at  the  same  power 
factor  when  possible,  and  a  power-factor  indicator  is 
therefore  a  very  useful  instrument  to  have  on  an  inter- 
connector  between  two  stations.  I  agree  with  Mr.  Beard 
that  the  diagram  on  page  62  hardly  seems  to  be  the  correct 
thing  to  use  for  transformer  regulators.  Induction  regu- 
lators, I  suppose,  are  impracticable  on  large  systems  ;  it 
is  advisable  to  use  transformer  regulators  and  to  run  them 
at  a  lower  voltage.  They  stand  up  much  better  if  run  at 
2,000  or  3,000  volts  than  at  20,000  volts,  and  the  insulation 
between  tappings,  etc.,  should  be  made  for  10  times  the 
normal  voltage  expected.  We  find  in  this  area  that  the 
frequency  of  the  system  is  marvellously  constant.  From 
the  discussions  before  some  of  the  other  Local  Sections  it 
appears  that  the  engineers  are  rather  fearful  of  linking  up. 
In  some  cases  it  may  be  advantageous  to  use  an  induction 
set  for  a  frequency  changer  and  employ  a  phase  advancer 
of  some  sort,  so  as  to  run  the  induction  motor  at  a  good 
power  factor. 

Mr.    L.    H.   A.   Carr  :   On    page   64   the   author  states,  ^ir.  Carr. 
among    the    disadvantages    of    the    synchronous    motor- 
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Rcncralor.  that  each  machine  must  be  synchroni/ed  with 
il>  own  svstem.  an  operation  requiting  some  skill,  espe- 
cially with  certain  ratios  between  the  numbers  of  poles- 
I  >h3uld  be  glad  to  have  an  explanation  why  certain 
numbers  of  poles  should  cause  more  difficulty  than  others. 
I  remember  two  such  sets  supplied  to  a  Canadian  instal- 
litinn,  where  the  generator  stator  of  each  set  was  capable 
rocked,  and  when  the  second  machine  was 
V   .  it  was  merely  ncccs-iiry  to  ro;k  the  stator  into 

the  no-load  position  for  synchronizing,  and  then  rocking 
It  hack  to  take  up  its  share  of  the  loid,  due  to  the  lag 
iKtwccn  the  no-lo.ad  and  full-load  positions.  One  difficulty 
that  might  occur  with  a  synchronous-synchronous  set 
under  special  conditions  is  as  follows  :  Suppose  that  the 
>mall  power  station  were  shut  down,  and  that  all  its  load 
u-ere  being  supplied  through  the  synchronous  motor- 
alternator  set  ;  then  if  the  load  were  varying,  it  is  possible 
to  conceive  that  this  variation  might  >lrike  the  natural 
period  of  vibration  of  the  set.  with  the  result  that  the 
surging  would  be  so  great  as  to  bring  out  the  circuit- 
breakers  and  shut  the  plant  down.  In  a  case  of  this  sort 
the  only  remedy  would  b;  to  replace  the  synchronous 
motors  by  induction  motors  ;  and  though  it  may  appear 
far-fetched  to  expect  an  occurrence  of  this  sort,  yet  with 
certain  tvpcs  of  intermittent  load  the  above  trouble  may 
easily  be  experienced. 

Mr.  R,  \V.  Orelorv  :  It  comes  as  a  surprise  to  us  who 
know  something  of  the  working  of  the  power  companies 
in  this  district  to  hear  that  doubts  have  been  expressed 
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it  is  established  that  the  p.arallel  running  of  generating  Mr 
stations  of  common  frequency  is  sound  and  simple  "*^" 
engineering.  The  main  interest  in  the  p.aper  is  the  con- 
sideration of  the  problem  of  paralleling  stations  generating 
at  difTercnt  frequencic-v.  Mr.  Beard  has  emphasized  the 
necessity  of  keeping  down  the  resistance  of  the  inter- 
connectors  between  generating  stations  if  parallel  running 
is  to  be  successful,  and  it  sc-cms.  therefore,  that  instead  of 
collecting  the  frequency-changing  plant  in  one  place  it 
would  be  simpler  tn  use  a  number  of  smaller  sized  machines 
totalling  in  capacity  that  required  for  safe  p.arallel  running 
and  to  place  these  machines  one  at  each  of  the  points 
where  the  networks  fed  by  the  power  stations  to  be 
parallel  come  near  together  (see  Fig.  J).  This  arrangement 
would  give  :  (a)  minimum  cost  of  interconnection,  (b)  low 
resistance  of  intcrconnectors,  and  k)  large  synchronizing 
forces 

Mr.  G.  L.  PoRTF.R  :  Among  the  more  obvious  advan-  *•'  •*""• 
tages  of  linking  up  power  stations  arc  :  (i)  To  take 
advant.agc  of  diversity  in  loads  ;  (2)  to  pool  spare  plant  : 
(3)  to  load  up  the  more  economical  plant.  The  third  s 
really  of  the  greatest  national  importance  but  is  hardly  a 
technical  question.  If  in  any  given  case  of  linking  up 
much  is  gained  from  load  diversity,  it  is  evident  that  the 
areas  concerned  either  have  not  been  properly  developed  or 
else  were  too  sm.all  or  too  specialized  for  a  really  efficient 
local  supply.  It  is  also  clear  that  the  larger  and  better  de- 
veloped the  local  power  svsleinsarc,  the  less  the  advant.age 
gained  under  this  head  from  interconnection.  The  advan- 
tage gained  by  pooling  spare  plant  docs  not  decrease  with 
greater  degrees  of  interconnection.  The  latter — like 
insurance — spreads  the  risk.  From  this  point  of  view, 
plant  in  a  power  station  may  be  divided  into  two  classes, 
namely,  (<i^  boilers  and  most  auxiliaries,  which  afTcct  the 
kw.  capacity  of  the  station,  {b)  generators,  etc.,  which 
afTcct  the  k.v.a.  capacity  of  the  station.  Especially  with 
much  reactance  (overlicad  line  and  transformers^  in  the 
iiiterconnector,  it  is  much  easier  to  transmit  kilowatts 
from  one  station  to  another  than  kilovolt-anipercs  at 
ordinary  power  factors.  Thus  a  booster  might  be 
required  in  an  intcrconncctor  installed  due  to  shortage  of 
generating  plant,  whereas  the  same  intcrconncctor  might 
take  care  of  low  water  troubles  in  summer  without  such 
assistance.  Kngincers  in  the  ivirth  .arc  s«  accustomed  to 
running  power  stations  in  parallel  thit  the  author's 
remarks  regarding  automatic  speed  regulation  seem 
rather  elementary,  rnforlunalcly  he  stops  ju^t  short  of 
where  such  difficulties  as  there  .are  really  begin.  The 
action  of  turbine  governors  can  be  arranged  as  required, 
it  is  the  hand  regulation  that  is  difficult  to  manage  even 
where  .all  the  stations  are  under  the  one  authority.  In 
practice  only  one  station— preferably  the  Largest— may  do 
hand  regulation  of  the  speed  as  such  :  the  others  must  do 
load  regulation.  The  lo.ad  on  the  inlerconiicctor  should 
be  the  guide  to  such  regulation,  rnforlunalcly  this  is  very 
difficult  to  .arrange  where  the  inlcrconncclor  docs  not  run 
direct  into  the  power  station.  As  mentioned  by  the  author, 
there  is  a  Mmilar  difficulty  in  voltage  regulation.  If  the 
intcrconneclor  is  of  low  impedance  and  without  a  booster, 
only  one  station  may  regulate  the  voltage  white  the  other 
does  power  factor  omlrol,  preferable  by  the  power  factor 
of  the  iiiterconnector.  If  there  is  a  booster  this  is  best 
used    for    power-factor    control    while   the    voltages  arc 
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orier.  regulated  in  the  usual  way  by  field  rheostats.  It  is  prob- 
able that  an  automatic  booster  on  the  interconnector 
would  simplify  matters  very  much  if  it  could  be  con- 
trolled by  a  power-factor-indicator  movement  instead  of 
bv  the  usual  voltmeter  one.  I  should  like  to  know  the 
author's  opinion  of  this. 

<i'^^  Mr.   J.  S.   Peck   {in   reply)  :  Mr.   Clothier   has   raised   a 

number  of  very  interesting  points  in  connection  with 
switchgear  for  use  on  large  power  stations,  but  as  these 
remarks  apply  to  oil  switches  in  general,  without  refer- 
ence to  parallel  operation,  I  shall  not  attempt  to  answer 
them  in  detail.  I  think  the  tendency  to-day  in  all 
countries  is  to  try  and  isolate  a  defective  section  of  a 
system  while  the  defect  is  in  the  incipient  stage,  and 
before  a  dead  short-circuit  has  occurred.  This  I  think 
is  the  great  advantage  in  the  Merz-Price  and  other  types 
of  balanced  protective  apparatus.  Where  a  defective 
section  cannot  be  isolated  before  the  dead  short-circuit 
has  occurred,  a  short,  definite  time-limit  will  make  easier 
the  operating  conditions  of  the  switch,  provided  that  the 
maximum  current  is  determined  by  the  instantaneous 
short-circuit  current  of  the  generators  and  not  by  induct- 
ance or  resistance  in  the  feeders.  Even  with  the  quickest- 
acting  relays  and  switch  mechanism  it  is  practically 
impossible  to  open  a  switch  before  the  maximum  short- 
circuit  current  of  the  generators  has  fallen  to  a  very 
considerable  extent.  It  is  extremely  difficult  to  say  how 
long  a  time  is  required  for  synchronous  apparatus  to  fall 
out  of  step  when  a  short-circuit  occurs.  Assuming  that 
a  short-circuit  occurs  on  the  busbars,  the  voltage  falls 
to  zero,  and  synchronous  apparatus  ordinarily  supplied 
from  the  busbars  will  feed  back  into  the  short-circuit. 
If  the  short-circuit  is  not  interrupted,  the  regenerating 
apparatus  will  come  to  rest  very  quickly.  On  the  other 
hand,  the  speed  of  the  general  ars  will  be  maintained  at 
practically  normal  value,  except  for  the  slight  drop  in 
speed  due  to  the  heavy  torque  produced  by  the  short- 
circuit  current.  If  the  generators  and  synchronous 
apparatus  slowed  down  at  the  same  rate,  the  synchronous 
machines  would  hold  in  step  after  the  short-circuit  had 
been  removed  and  the  voltage  brought  back  to  normal. 
It  is  obvious  that  there  are  a  large  number  of  variables 
involved,  such  as  the  flywheel  effect  of  generators  and 
other  synchronous  machines,  the  position  of  the  short- 
circuit  on  the  system,  the  reactance  and  resistance 
between  the  generators  and  the  short-circuit,  and  between 
the  point  of  short-circuit  and  the  synchronous  machines, 
etc.,  and  accurate  calculations  will  be  extremely  difficult. 
Mr.  Beard  gives  some  most  interesting  information  re- 
garding the  progress  and  present  condition  of  parallel 
operation  on  the  North-East  coast,  and  it  is  of  interest 
to  know  that  so  many  stations  have  been  linked  up,  and 
that  the  operating  difficulties  have  been  very  few.  The 
use  of  a  voltage  regulator,  such  as  shown  in  Fig.  i,  has 
been  discussed  in  connection  with  the  remarks  of  a 
previous  speaker.  Mr.  Beard  feels  that  the  operating 
conditions  are  improved  by  earthing  the  neutral  point  at 


more  than  one  station,  and  he  does  not  anticipate  trouble  Mr  Peck, 
with  the  Post  Office  even  when  no  special  precautions 
are  taken.  The  fact  that  trouble  is  experienced  in  some 
cases  where  very  small  currents  flow  through  the  earth, 
and  is  not  experienced  in  other  cases  where  much  heavier 
currents  flow,  would  seem  to  point  to  the  fact  that  some 
telephone  and  telegraph  circuits  are  much  more  susceptible 
to  the  influence  of  earth  currents  than  are  others.  It  is 
well  known  that  a  telephone  circuit  with  an  earth  return 
is  extremely  sensitive,  whereas  a  circuit  with  a  metallic 
return,  especially  where  the  two  wires  of  the  circuit  are 
twisted  together  (as  in  a  cable),  are  not  so  subject  to  out- 
side disturbances.  Mr.  Beard  makes  a  suggestion  of 
earthing  through  special  reactances  connected  to  the 
busbars,  and  I  think  this  is  a  matter  well  worth  further 
investigation,  but  Mr.  Trotter  says :  "  If  we  are  going  to 
limit  them  (earth  currents)  from  the  point  of  view  of  the 
Post  Office,  we  may  have  to  come  down  to  some  niicro- 
milli-amperes."  If  we  are  to  work  to  such  limits,  it  is  of 
course  useless  to  think  of  earthing  at  more  than  one  point 
even  if  reactances  are   used  for  earthing. 

Mr.  TurnbuU  says,  regarding  frequency  changers,  that 
an  English  company  has  introduced  a  machine  in  which 
both  stator  and  rotor  are  allowed  to  revolve  in  order  to 
secure  any  desired  frequency.  Machines  of  tliis  tvpe  have 
never  met  with  great  success,  on  account  of  the  mechanical 
difficulties  involved  in  their  construction. 

Mr.  Jackson  emphasizes  the  necessity  for  proper  govern- 
ing gear  with  reference  to  prime  movers  where  parallel 
operation  is  required.  He  also  points  out  that  there  has 
been  no  difficulty  on  the  North-East  coast  in  getting  the 
numerous  stations  to  divide  their  load  as  required. 

Mr.  Longman  gives  interesting  information  regarding 
operating  experience  on  the  North-East  coast. 

Mr.  Carr  asks  for  information  regarding  frequencv 
changers.  The  questions  which  he  asks  will  probably 
be  fully  treated  in  a  paper  on  this  subject  which  is  shortlv 
to  be  read  before  the  Institution. 

Mr.  Gregory  points  out  that  14  feeder  regulators  are 
sufficient  for  properly  dividing  the  load  among  the  16 
interconnected  power  stations  on  the  Newcastle  system. 
Mr.  Gregorv  also  makes  some  suggestions  as  to  the  best 
positions  in  which  to  locate  the  frequency  changers  for 
linking  up  two  systems.  I  believe  the  arrangement  he 
shows  would  be  quite  satisfactory  provided  that  extra 
attendance  were  not  required  for  operating  'the  rotating 
apparatus  in  the  different  frequency-changer  substations. 

Mr.  Porter  points  out  that  cases  may  arise  where  it  will 
be  desirable  that  some  stations  should  deliver  the  maxinmm 
kilowatts  which  they  can  produce  into  the  s\'stem  at  unity 
power  factor.  In  other  cases,  stations  will  be  required 
to  feed  the  maximum  amount  of  magnetizing  current  into 
the  system  without  special  reference  to  the  number  of 
kilowatts  which  they  can  deliver,  or,  to  express  it  in 
another  way,  some  stations  maj'  be  known  as  kw.  stations 
and  others  as  k.v.a.  stations.  The  determining  factors 
will  he  boiler  capacity  and  generator  capacity. 
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Scottish  Local  Section,  12  Dkckmbkk,  1916. 


Mr.  W  \V.  La.kii;  :  llic  parallel  operation  of  electric 
power  stations  is  a  matter  of  which  we  are  to  hear  more  in 
the  near  future,  and  this  paper  is  a  welcome  and  able 
introduction  to  the  subject.  Glasgow  is  one  of  the  cities 
guilty  of  having  scpanite  stations  for  traction  and  power, 
but  I  am  glad  to  say  that  these  stations  have  for  a  number 
of  years  been  run  in  parallel  when  required.  I  feel  that 
«*e  in  Glasgow  have  had  con >iderable  experience  in  link- 
ing up.  In  |S<^  the  Corporation  purchased  the  Kelvinside 
Company's  undertaking,  and  in  1912  the  Partick  and 
Govan  stations  were  taken  over  by  the  Corporation  and 
linked  up  with  the  Glasgow  system.  Although  the 
pressure  of  supply  was  not  the  same  in  all  cases,  it  was 
not  very  long  before  the  consumers'  lamps  and  wiring  were 
changed  over  and  brought  into  line  with  the  Glasgow 
pressure,  and  the  Partick  and  Govan  stations  were  then 
run  in  parallel  with  the  Glasgow  stations  when  required. 
In  the  case  of  the  Kelvinside  station  it  supplied  its  own 
area  from  3  p.m.  to  11  p.m.  when  the  load  was  consider- 
able, but  during  the  remaining  16  hours  of  the  day  the 
load  was  drawn  from  the  main  power  stations.  Kelvin- 
side is  now  a  substation,  still  run,  however,  in  the  same 
way  as  I  liavc  just  described.  Govan  and  Partick  stations 
would  have  undergone  similar  treatment  had  not  the  War 
compelled  us  to  suspend  operations.  What  I  want  to 
indicate  is  that  in  the  case  of  stations  of  less  that  3,000  kw., 
which  are  to  be  linked  up  with  large  power  stations,  it  will 
be  found  a  commercially  practicable  proposal  to  change 
consumers'  lamps  and  app.iratus  to  a  pressure  and 
periodicity  to  suit  tlic  larger  power  station.  According 
to  the  Eldlhcal  Times  there  are  14  local  authorities  and 
1 4  supply  companies  in  the  London  area  supplying  elec- 
tricity. Twelve  of  these  concerns  h.ive  each  under  3,000  kw. 
of  maximum  demand  ;  five  of  them  arc  between  3,000 
and  5,000  kw.  ;  three  are  between  5,000  and  10,000  kw. ; 
and  five  are  between  11,000  and  20,000  kw.  There  is  no 
doubt  tliat  the  twelve  3,otx>-kw.  stations  could  and  should 
be  tackled  firvt,  which  would  practically  halve  tlic  number 
of  ■    iij  stations  in  London.     It  appears  to  me  that 

f'  :  irs  linking  up  will  be  limited  to  an  cxcliange 

of  cncrg\-  at  times  of  light  load,  i.e.  at  week-ends  and  on 
holidays,  and  in  some  cases  for  all-night  loads.  Conse- 
quently, when  apparatus  has  to  be  installed  it  will  not  be 
ncccwary  to  have  it  of  anything  like  the  capacity  of  either 
of  the  ^tions  linked  up.  When  Port  Dund.is,  St.  Andrews 
Cro»,  and  Pinkston  power  stations  were  linked  up,  fortu- 
natelv  we  had  all  the  stations  of  the  s:inie  voltage  and 
I"  Old  little  ■  is  expel ienced.     The  plant 

»'■  .it  that  til  id  of  tcciprocating  engines 

running  ill  75  t  p.m.  coupled  to  alternators  with  40  poles, 
whrrcak  the  plant  at  Port  Dundas  consisted  of  turbines 
running  at  750  and  1,500  r.p.in.  with  2-pole  and  4-polc 
atirtt,:.!,  IV  Ml  f,,i..  l,:,n  lold  me  that  he  had  one  or 
t  ■  before  all  went  smoothly,  but 

I  nature.     The  three  stations 

»'  I  tun  in  parallel  at  times  of 

'  .1  :   V  which 

'  :ic   mile 

I  ^iiil     .Si.    Aiuliews   Cross 

1"  All  the  stations  may  l>c 


said  to  be  of  different  capacities  and  yet  we  have  no  I 
difficulty  in  arranging  tlie  load  amongst  them.  I  cannot 
say  what  the  speed  regulation  of  the  reciprocating  engines 
at  Pinkston  was,  but  I  shoald  think  it  was  very  different 
from  that  obtained  from  turbine-driven  sets.  The  author 
h.-is  very  clearly  put  before  us  the  apparatus  available 
for  interconnecting  stations  of  different  periodicities 
and  voltages.  With  reference  to  interconnecting  through 
rotary  converters  as  described  on  page  67,  am  I  right  in 
thinking  that  if  a  rotary  converter  is  to  be  used  t>oth  ways, 
i.e.  if  at  one  part  of  the  day  it  receives  alternating  current 
and  delivers  continuous  current,  while  at  another  part  of 
the  day  the  process  is  reversed,  such  a  converter  must  be 
supplied  with  independent  field  excitation  if  the  machine 
is  to  be  anything  like  stable  ?  This  arrangement  for  using 
a  rotary  converter  both  ways  is  at  present  adopted  by  the 
Falkirk  Electricity  Department. 

Mr.  F.  H.  Whvsai.i.  ;  The  author  has  referred  to  two  1 
classes  of  engineers  :  one  class  who  think  linking-up  such 
a  simple  problem  that  no  paper  is  necessary,  and  another 
class  who  have  grave  doubts  as  to  the  possibility  of  linking 
up  stations  satisfactorily.  His  paper  is  the  answer  to  both. 
Personally,  I  am  inclined  to  favour  the  engineers  who  see 
very  little  difficulty  in  the  problem  rather  than  the  other 
section.  It  is  a  fact  that  many  central  stations  arc  being 
satisfactorily  operated  when  linked  up  to  each  other  with- 
out anv  of  the  devices  which  tlie  author  has  described.  In 
Greenock  we  are  interconnected  with  a  small  hydro-electric 
scheme.  This  linking-up  was  carried  out  at  very  short 
notice  without  any  special  apparatus,  and  1  can  say  that  in 
this  parlicul.ir  instance  we  have  had  no  difficulty  in  opera- 
tion. We  have  been  able  to  keep  tlic  other  supply  going 
when  they  were  short  of  water,  and  we  are  now  running 
all  day  long  in  parallel  for  the  purpose  of  governing  their 
speed.  This  they  find  to  be  a  great  benefit,  and  I  may  add 
that  we  have  no  difficulty  in  maintaining  unity  power 
factor. 

In  connection  with  the  linking-up  of  two  undertakings 
having  different  periodicities,  the  author  referred  to  a  point 
of  which  1  have  some  little  experience,  namely,  that  with 
an  induction  motor  as  a  generator,  it  would  be  necessary 
to  have  some  form  of  synchronous  apparatus  running  in 
parallel  with  the  induction  motor  which  is  acting  as  a 
generator.  When  Stuart  street  station,  Manchester,  was 
first  started,  a  steam  exciter  and  an  induction-motor  exciter 
set  were  used  to  supply  the  very  small  amount  of  current 
required  <luring  the  night  This  avoided  the  necessity  of 
running  a  large  gener.iting  set  and  elfected  a  cunMdcrable 
saving.  A  synchronous  motor  generator  in  one  of  the  sub- 
stations w.is  kept  on  the  system  and  instructions  were  given 
that  this  should  be  kept  overexcited,  and  I  reinrmber  on 
one  occasion  these  instructions  were  neglected  witli  disas- 
trous results.  1  favour  the  synchronous  motor  geneiator 
and  I  think  we  khould  be  prepared  to  tackle  its  disadvan.. 
tages.  Mr.  Lackic  has  pointed  out  that  the  interchanges 
of  current  between  systems  .vc  more  likely  to  take  place 
during  week  ends  and  ovci  night,  when  certain  of  these 
disii<lvanlages  would  not  be  operative.  In  short,  I  am  of 
the  opiiiKm  that  the  technical  ditficnllies  in  connection 
with  the  problem  of   linking-up  could  all  be  easily  dealt 
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vitb,3nd  commercial  ccaadenticai  seem,  to  me  to  present 
'''*-      ff^aisx  dimcuitie*. 

Pi^e:  Mr.  A-  Page  :  I  am  Slad  that  the  aathor  has  axaplified 

what  he  has  written  in  the  paper,  as  I  got  the  impression 
witen  1  first  read  it  that  to  those  engineers  who  were  con- 
templating linMng-ap,  the  paper  might  act  more  as  a 
deterrent  th^n  as  a  help.  It  cannot  of  coarse  be  too 
stroogfr  stated  that  the  Unking-up  ot  stations  o£  the  same 
freqoencT.  irrespectiTe  of  voltage,  i*  an  estremely  simple 
matter.  In  Glasgow,  as  ilr.  Lacfcie  has  said,  we  have  done 
a  lot  in  that  connecdcn.  We  started  in  1905  with  St. 
Andrews  Cross  and  Port  Dundas  :  in  1006  Pinfcston  was 
added,  and  a  few  rears  ago  we  included  Govan  and  Partick. 
In  the  ordinary  way  those  stations  are  connected  in  line. 
,  Thev  may.  however,  form  a  closed  system  at  times,  and 

even  under  those  conditioas  we  hnd  power  can  be  trans- 
ferred withoat  the  use  of  any  regniators  on  the  intercon- 
nectors.  There  is  no  difficntty  apart  from  the  limits  of  the 
capacity  of  the  varioas  apparatus.  I  should  like  to  ask  the 
anthor  whether  he  prefers  the  step-by-step  regulators  or 
regnlators  of  the  induction  type,  and  if  the  latter  what  effect 
tbeir  ose  has  apon  the  capacity  of  the  interconnectors  and 
the  amotint  of  wattless  cnrrent  involved.  We  have  all 
kinds  of  plant,  running  at  varying  speeds,  and  the  regula- 
tion varies  very  widely,  but  while  an  examination  of  the 
inscruments  on  the  switchboard  shows  that  the  better- 
r^niating  machines  take  ap  the  dactuations,  with  the  very 
large  nnmber  of  plant  units  in  commission  the  ammeters 
are  fairly  steady.  When  the  anthor  was  describing  the 
experiment  at  Salford  he  said  there  were  voltage  regnlators 
at  both  ends,  bat  he  did  not  say  that  both  voltage  regula- 
tors were  in  operation.  I  should  like  to  know  if  they  were. 
i  should  also  like  to  ask  him  whether  it  has  been  found 
feasible  to  work  a  combination  of  power  stations  with 
voltage  regulators  in  each  station.  Obviously  it  would 
be  of  great  assistance  if  that  were  feasible,  because  in 
the  event  of  a  short-circuit  on  the  distribution  network, 
each  station  would  take  its  share  of  the  extra  power 
called  for,  whereas  when  running  with  only  one  voltage 
regulator  the  station  with  the  regulator  is  doing  far  more 
than  its  share.  Turning  to  the  authors  somewhat 
academic  examples  of  how  a  load  would  come  to  be  dis- 
tnbuted,  the  estimates  are  of  course  all  right  in  their  wav. 
but  these  are  not  the  sort  of  things  that  happen  in  practice. 
The  load  is  generally  distributed  in  accordance  with  the 
steam  pressure  at  the  respective  stations,  and  would  also  be 
governed  by  the  breakdown  to  any  part  of  the  plant  in  any 
of  the  stations,  or  the  load  on  the  feeders.  In  Ciise  (2»,  the 
impression  given  is  that  the  desirable  way  of  running 
stations  in  parallel  is  to  make  the  load  in  ratio  to  the  plant 
capacity  and  thus  give  each  of  the  turbo-alternators  its 
proportion.  That  is  of  course  not  really  what  is  done. 
The  turbo-alternators  with  the  higher  efficiency  are  given 
mo=t  of  the  work  to  do.  whereas  the  older  machines. 
which  are  put  upon  the  busbars  for  safety  reasons,  have 
very  little  of  the  load  given  to  them.  The  great  success  of 
working  together  in  Glasgow  has  been  partly  due  to  the 
fact  that  it  has  made  for  economy  by  the  lowering  of 
the  coal  consumption,  but  more  important  still,  the  factor 
of  safety  has  been  greatly  increased  both  upon  the  electric 
tramway  system  and  upon  the  power  and  lighting 
system.  On  page  63,  with  reference  to  turbine  regula- 
tion, the  author  points  out  that  we  must  avoid  having  the 
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smallest  machine  with  the  best  regulation.  We  have  had  Mr.  Pige. 
some  experience  of  such  conditions,  but  the  machine  in 
question  does  not  seem  to  be  adversely  affected  and  only 
gets  its  fair  share  of  the  load.  So  far  as  earthed  neutrals 
are  concerned,  we  use  method  \a)  described  at  the  top 
of  page  64.  and  that  has  been  found  to  be  satisfactory. 
I  should  like  to  ask  the  author  what  is  the  efficiency  of 
phase  converters  ;  On  the  question  of  frequencj-  changers 
I  am  glad  that  we  in  Glasgow  have  not  required  to 
consider  this,  as  I  think  that  the  lot  of  the  engineers  who 
operate  such  plant  is  not  to  be  envied.  We  all  know  that 
when  there  is  a  surge  on  the  alternating-current  svstem 
these  frequency  changers  are  bound  to  be  unreliable. 
The  output  for  which  these  frequency  changers  require 
to  be  designed  is  rather  appaUing.  For  instance,  in  the 
smallest  station  here  which  has  a  capacity  of  30,000  kw., 
if  we  were  linked  up  toother  stations  of  different  frequency 
we  should  apparently  require  frequency  changers  ha\-ing 
a  capacity  of  the  order  of  8,000  to  10,000  kw.  I  should 
like  to  sound  one  note  of  warning  as  to  the  size  of  inter- 
connectors. We  have  found  that  when  we  link  up  two 
I  stations,  one  with  variable  load  and  the  other  a  station 
I  on  which  the  load  is  for  power  and  lighting  onlv,  in  addition 
to  providing  for  the  amount  of  power  to  be  conveyed 
between  the  two  stations,  ample  allowance  must  be  made 
for  the  fact  that  the  light  and  power  station  will  be  called 
upon  to  share,  through  the  interconnector,  the  heavy 
fluctuations  in  load  of  the  other  station,  and  if  only  one 
cable  is  provided,  these  fluctuations  have  a  great  effect 
'  on  the  amount  of  power  which  can  be  passed  between 
the  two  stations. 

Mr.  E.  Seddon"  :  Linking-up  will  no  doubt  hasten  the  Mr.  s«idoo, 
growth  of  the  larger  stations,  with  a  corresponding  re- 
duction of  plant  in  the  smaller  ones,  and  I  think  there 
is  little  doubt  that  this  change  will  operate  to  the  advan- 
tage of  the  supply  authorities  concerned.  Probably  only 
in  the  case  of  stations  with  about  equal  plant  capacity  will 
exchange  of  load  take  place.  .\l  times  transfer  of  load  will 
have  to  be  effected  with  low  frequency  and  pressure  down 
on  the  disabled  station,  so  that  auxiliary  busbars  will  be 
required.  The  maintenance  of  a  high  power  factor  is 
necessary  for  the  economical  \\X)rking  of  the  generating 
plant  and  the  transmission  system,  and  in  this  respect, 
where  frequency  changers  are  necessary,  I  believe  syn- 
chronous motor-generating  plant  is  the  best  coupling  to 
adopt.  Substantial  switchgear  will  have  to  be  provided 
and  fitted  with  overload  instruments  and  possibly  with 
reverse-current  relays.  Even  when  systems  of  similar 
frequency  are  coupled,  I  believe  it  will  be  found  to  pay 
to  install  synchronous  condensers,  which  would  be  used  at 
the  consuming  end  of  the  line.  I  should  like  to  mention 
that  a  ver\-  good  paper  on  synchronous  condensers  by  C.  T. 
Mosman  was  published  in  the  Gemral  Electric  Rei-i<ru-  of 
July  1912  and  is  well  worth  reading.  Where  it  is  required 
to  connect  a  single-phase  station  with  a  three-phase  supply 
of  a  similar  frequency.  I  believe  the  Scott-connected  three- 
phase  to  two-phase  transformers  is  the  best  method  to  use. 
This  of  course  would  necessitate  splitting  up  the  single- 
phase  board  into  two  sections.  The  single-phase  station 
plant  could  then  be  used  to  balance  phases  or  to  take  up 
peak  loads  when  necessary. 

Mr.  J.  H.\LLY  Cr-AIG  :  I  hope  that  in  the  course  of  his  Mr.  cruj. 
replv  the  author  mav  have  something  to  sav  with  regard  to 
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Mt-Crmt.  i'lto-syiichronous  motor-generator  as  a 

"' '^^  Mr.  J.  i«.  HEkh  v" '■''/'A' :    '  .Hioii  given  by  Mr. 

Lockic   a»  to   the    parallel  of   the   stations   in 

Glasgow  confirms  the  practicability  of  linking  up  stations 
o«  the  si'-'-  "'"iicncy.  Perhaps  the  most  interesting 
opinion   <^  by  him   is   that   all   stations  having  a 

capacity  ti  ii.--  inan  3,000  kw.,  which  do  not  conform 
to  the  frequency  of  the  main  system,  should  have  their 

'incrs' appar.itiis  ch.inged 

^ncy.     Mr.  l.ackic  asks  as 

■>  cuuvci  tci  which  must  be  used  t" 

.1011.     In  general  it  may  be  stated 

that  a  special  exciter  is  required  for  a  rotary  converter 

which  must  convert  from  continuous  to  alternating  current 

wherever  the  frequency  is  not  directly  li.\cd  by  some  other 

alternating-current  machine. 

Mr.  Whysall    is   of    the   opinion   that   the   commercial 
'■  'in  linking   up  arc   far  greater   than  the   tcch- 

::^ulties.     I    think   his  opinion   will   not   be   dis- 
puleii. 

Mr  I'agc  confirms  wliat  .\Ir.  Lackie  says  with  reference 
r.iting  conditions  in  Glasgow,  and  he  also  points 
.  -  of  the  precautions  which  must  be  taken  under 
conditions  such  as  exist  in  Glasgow.  Mr.  Page  asks 
whether  the  step-by-stcp  re>^ulator  is  preferable  to  the 
induction  regulator.  The  step-by-step  regulator  is  cheaper 
.■     '  '  'ion  regulator,  and  while 

..;l-  curve  it  is  in  general 

..alion.      The  induction  rcgu- 

ic  watllcs>  current  from  the 

but  this   IS    not  usually  of  importance  on 

relatively  small  cap.icity  of  the  regulator. 

For  automatic  control  an  induction  regulator  is  probably 

superior,  and  for  very  large  capacities  it  may  be  preferable 

to  the  step-by-stcp  type.    At  Salford  the  tests  were  made 

witl.  '•         :  cgulators  operating  at  both  gcnc- 

ralii  I   It  would  be  possible  to  operate 

a  lar^^c  nui:.r.<.i  U  stations  in  parallel  with  a  volt.ige  regii- 


l.itor  working  at  all  stations  is  a  matter  which  would  require  Mr  Peek, 
living  out  in  practice.  Mr.  Page  refers  to  mv  academic 
method  of  determining  the  distribution  of  lo;id  between 
I  he  generating  stations.  I  was  quite  aware  that  the  engine 
governors  were  adjusted  in  the  stations  from  time  to  time 
in  order  to  distribute  the  Icid  between  the  stations  as 
desired,  and  I  referred  to  this  in  the  paper,  hut  the  cases 
1  worked  out  referred  to  conditions  where  there  was 
no  time  for  hand  adjustment,  in  other  words  tor  conditions 
of  rapid  lo:id  fluctuations.  Where  load  condit  ions  are  ngrmal 
the  distribution  in  lo.id  twrtwcen  the  stations  and  therefore 
the  load  on  the  interconnector  can  be  varied  as  desired. 
Mr.  Page  complains  of  the  great  size  of  the  frcquencv 
changer  which  w-ould  Ijc  required  for  linking  up  stations 
the  smallest  of  which  has  a  capacity  of  30,000  kw.  It  is 
probable  that  a  6,ooo-kw.  frequency  changer  would  bo 
large  enough  to  give  satisfactory  running  on  a  system  of 
this  size,  and  it  hardly  seems  likely  that  a  much  smaller 
set  would  have  sufficient  capacity  to  be  of  much  use  in  ' 
equalizing  the  lo.ids. 

Mr.  Seddon  mentioned  the  use  of  the  Scott-connected 
three-phase  to  two-pliasc  transformer  for  connecting  a 
three-phase  to  a  single-phase  system.  This  arrangement 
can  be  used  where  balanced  loads  can  be  maintained  on 
the  two-phase  system  of  the  transformer,  but  this  is  a  con- 
dition which  it  IS  difticult  to  realize  in  practice  and  really 
requires  that  the  single-phase  system  be  changed  to  two- 
phase. 

Mr.  Craig  .isks  whether  the  auto-synchronous  machine 
is  suitable.  1  assume  that  by  the  auto-synchronous  machine 
he  refers  to  what  is  usually  called  in  this  country  a  syn- 
chronous induction  machine.  This  machine  starts  as  an 
induction  machine  and  automatically  changes  over  to  a 
synchronous  machine.  In  order  to  obtain  these  desirable 
char.ictcristics  certain  sacrifices  must  be  made  in  the  other 
qualities,  and  I  believe  that  for  frequency  clLingcrs  it  will 
l)e  found  that  the  sacrifices  which  have  to  be  made  will 
more  than  outweigh  any  .idvantages  likelv  10  result  from 
llii«  type  of  construction. 
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ADDRESS   TO   THE   STUDENTS'   SECTION 
B\^  C.  V.  Drysdale,  D.Sc,  Member, 

(Adiinss  delivercti  14  November,   igi6.) 


Although  we  are  passing  through  a  time  of  anxiety  and 
need  for  strenuous  effort,  I  am  glad  to  see  that  the  Students' 
Section  of  our  Institution  is  maintaining  its  energ)'.  Our 
colleges  and  technical  institutions  have  given  freely  of 
their  best  to  the  War,  and  the  ranks  of  the  Students' 
Section  have  been  sadly  depleted  by  tliose  who  have  gone, 
some  never  to  return.  The  Roll  of  Honour  of  the  Institu- 
tion includes  many  who  have  taken  a  prominent  part  in 
developing  the  Students' Section  and  in  its  discussions,  and 
their  loss  will  be  severely  felt. 

But  there  is  still  new  energy  to  be  drawn  upon  from 
those  who  have  recently  entered  the  colleges,  and  there 
arc  also  many  whose  work  is  recognized  as  far  too  impor- 
tant to  allow  of  their  being  taken  for  the  fighting  ranks. 
Between  them  the  standard  of  the  Students'  Section  is 
being  worthily  upheld,  and  we  may  have  confidence  that 
as  soon  as  the  War  is  over  it  will  more  than  regain  its 
old  vitality. 

On  the  two  previous  occasions  when  I  had  the  honour 
of  giving  tills  .\ddress  *=  I  found  it  necessary  to  be  some- 
what depressing  as  to  the  prospects  of  the  British  electrical 
industrv'  in  general,  and  of  the  \'oung  technical  graduate 
in  particular.  Subsequent  experience  has  not  altered  my 
opinion,  but  the  shock  to  our  national  self-satisfaction 
caused  by  the  War  may  at  last  have  given  the  stimulus 
necessary  for  us  to  set  our  house  in  order,  and  we  maj' 
hope  that  the  future  of  our  technicallv-trained  engineers 
will  be  much  brigliter. 

When  I  first  addressed  this  Section  10  vears  ago,  I 
was  actively  engaged  in  technical  education,  and  had 
been  compelled  to  come  to  two  depressing  conclusions. 
The  first  was  lliat  the  opportunilv  for  doing  good  work 
in  this  direction  was  getting  ever  more  restricted  bv  the 
craze  for  centralization  and  control  of  teachers  and  the 
scope  of  their  teaching.  There  seems  to  be  a  curse  upon 
education  in  this  country  which  leads  to  its  control  being 
in  the  hands  of  well-intentioned  but  incompetent  cranks. 
The  discussions  on  education  in  our  parliament  centre 
round  two  points,  the  question  of  religious  instruction  and 
the  administration  of  funds  ;  and  as  to  whether  the  educa- 
tion provided  is  of  real  individual  and  national  value  no 
one  seems  to  know  or  care.  Even  in  educational  circles 
themselves  things  are  little  better.  A  few  years  ago  a 
justifial-)le  cry  arose  for  the  recognition  of  technical 
subjects  by  the  universities,  and  the  B.Sc.  degree  in 
Engineering  was  heralded  as  a  great  reform.  But  the 
result  was  to  set  up  a  Faculty  and  Board  of  Studies  in 
which  a  few  competent  teachers  were  diluted  by  some 
very  indifferent  busybodies,  with  the  consequence  that 
a  syllabus  was  composed  in  which  the  questions  of  funda- 

*  Electrician,  1906,  vol.  58,  p.  259,  and  Journal  I.E.E..  1014,  vol.  52, 
p.  286. 


mental  importance  were  swamped  by  masses  of  detail 
which  made  satisfactory  teaching  impossible.  I  have 
been  asked  to  lecture  on  the  skin  effect  in  alternating- 
current  traction  systems  to  students  who  had  never  really 
mastered  Ohm's  law  ;  and  I  have  seen  others  instructed 
in  the  "  best  modern  practice  "  in  dynamo  and  alternator 
design  who  were  certainly  hazy  as  to  the  first  principles 
of  the  magnetic  circuit. 

This  sort  of  thing  is  typical  of  the  tendency  of  modern 
education,  and  should  be  contrasted  with  the  conditions 
of  industrial  life.  A  works  manager,  for  example,  is 
appointed  by  directors  who  are  keenly  concerned  in  the 
success  of  the  work,  and  is  then  given  wide  powers  to 
run  things  as  lie  cliooses,  provided  that  he  is  successful. 
But  teachers  are  appointed  by  education  committees  com- 
posed frequently  of  a  few  lawyers  and  representatives  of 
local  authorities,  and  are  then  expected  to  teach  to  some 
of  these  composite  syllabuses  for  their  students  to  pass 
examinations.  Meanwhile  the  teacher  is  fettered  with  all 
sorts  of  rules  and  regulations,  and  if  in  spite  of  all  dis- 
couragement lie  succeeds  in  developing  a  course  of  in- 
struction which  works  satisfactorilv,  he  may  find  it  upset 
by  the  caprice  of  some  central  authority,  who  may  even 
transfer  his  students  to  someone  else  for  an  essential  part 
of  the  instruction.  Not  only  does  this  system  discourage 
the  efficient  teachers  b)'  making  the  work  difficult,  but 
it  puts  a  direct  premium  upon  incompetent  self-seekers. 
In  my  experience  I  have  seen  the  men  who  did  the 
minimum  amount  of  work  to  hold  their  posts,  and  spent 
their  time  in  reading  up  for  degrees  and  in  lobbying  for 
higher  positions,  going  up  steadih',  while  those  whose 
devotion  to  their  work  led  them  to  sacrifice  all  personal 
considerations  to  make  it  successful  have  been  passed 
over  b}'  the  educational  authorities  on  the  avowed  plea 
that  they  were  doing  good  work  where  they  were.  The 
number  of  really  able  instructors  in  scientific  teclinology 
who  both  know  their  subject  thoroughly  and  have  a  gift 
for  teaching  it  is  extremely  small  ;  their  lives  at  best  are 
very  arduous,  and  unless  conditions  are  made  much  more 
satisfactory  for  them  in  future,  we  are  not  likely  to  see 
good  men  attracted  to  teaching  work.  The  whole  of  our 
primary,  secondarv,  and  technical  education  system  needs 
drastic  revision  in  the  direction  of  emancipation  of  teachers 
from  bureaucratic  tutelage.  "  Get  a  good  teacher  and  let 
him  or  her  teach  freely"  is  the  only  road  to  good  educa- 
tion, and  speaking  personally  I  should  like  to  see  the 
whole  of  our  State  and  municipal  education  swept  away 
and  its  place  taken  by  private  or  co-operati-e  enterprise. 
The  only  test  of  efficient  education  is  after-success,  as 
Adam  Smith  so  well  contended,  and  neither  university 
degrees  nor  college  certificates  can  replace  it. 

This  brings  me  to  the  second  difficulty  which  has  con- 
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fronted  earnest  technical  teachers  in  this  countrj-.  By 
considerable  effort  it  has  l->ccn  possible  to  turn  out  a 
moderate  nunilxi  of  fairly  thoroughly  trained  vounR  men 
each  year,  but  what  was  the  pros|>ccl  before  them  ?  Partly 
owing,  no  doubt,  to  the  want  of  touch  between  our  educa- 
tional authoiilies  and  the  various  industries,  and  cqu.Uly  to 
the  lamtntable  attitude  which  our  manufacturers  l>ave 
until  quite  recently  taken  tow.irds  scienlilic  tr.iininft,  the 
prospects  were,  to  say  the  le.ist,  poor,  at  any  rate  in  this 
country.  That  the  best  of  onr  teclinically-trained  men  can 
x-ic  with  the  Ik-^i  in  the  world  is  undoubtedly  true,  and 
I  have  found  the  keenest  appreciation  of  then)  in  the  United 
States,  but  in  Kntjland  many  of  them  have  been  eating  out 
their  souls  with  p)Oor  opportunities,  poor  remuneration, 
and  poor  prospects.  A  few  months  ago  an  American 
official  of  high  standing  in  technical  work  expressed  his 
astonishment  to  me  at  the  utter  waste  of  youthful  ability 
in  this  country.  "You  have  some  of  the  finest  young 
talent  in  the  world,"  he  said,  "and  you  make  no  use  of  it, 
you  give  it  no  chance."  It  is  painfully  true.  Our  higher 
positions  are  for  the  greater  part  tilled  by  pompous  incom- 
petents who  are  afraid  to  display  their  ignorance  before 
capable  people,  atid  who  feel  that  they  c;in  only  maintain 
their  dignity  by  industriously  snubbing  any  signs  of 
capacity. 

When  in  charge  of  the  laboratory  arrangements  at  the 
Northampton  Polytechnic  Institute.  I  naturally  considered 
what  w.is  the  most  useful  training  which  could  be  given  in 
such  laboratories,  and  I  came  to  the  conclusion  that  to 
develop  the  testing  of  electrical  plant  so  that  our  trained 
men  would  l>e  able  quickly  and  thoroughly  to  test  gene- 
rators, motors,  and  transformers  of  every  type  and  to 
analyse  their  losses  completely  so  as  to  check  their  design 
and  to  give  indications  as  to  the  possibility  of  improving 
them,  ought  to  be  of  the  greatest  value  to  the  manufacturer 
and  consumer.  But  what  did  we  liiid  r  Simply  that 
manufacturers  were  not  interested  in  the  goodness  or 
badness  of  Iheir  machines,  but  only  in  selling  them.  If 
a  young  fellow  was  prepared  to  make  use  of  his  technical 
knowledge  for  the  purpose  of  deluding  inquiring  engineers 
into  the  belief  that  the  machines  of  his  firm  were  the  best 
in  the  world,  there  wa>  a  welcome  and  a  fair  salary  ready 
for  him.  but  for  the  man  who  wanted  to  do  good  work  in 
dcMgning  and  testing  and  attempting  to  make  the  machines 
really  the  best  in  the  world  there  wa^  a  dl^couraging 
reception.  There  does  not  seem  .it  present  to  be  a  single 
«atisf.icti>ry  British  single-phase  motor  on  the  market,  or 
any  prospect  of  one  on  the  lines  on  which  our  manu- 
facturers have  been  working. 

I  vK>n  came  to  the  conclusion  that  to  educate  students 
to  anything  like  a  high  ideal  of  honest  thoroughness  was 
Mmply  a  ciuel  kindness,  and  this,  coiiibine<l  willi  my  con- 
viction n(  ihr  futility  of  modern  educational  .idininistra- 
lioi  ic  to  retire  from  te.iching  work  in  favour 

of. 

IMK    l,KH*<i\    <l>    INK    \V,U<. 

So  (a»  I  have  been  merely  recapitulating  the  depiessing 
conclu>ion«  airivcd  at  in  thcpic-W.ii  period.  Mul  allhniigh 
la'  ■      ■    it  a  believer  in  the  eniinbling  and  puri- 

fyii  !    wat,  It  i1oc«  »eein  to  mr  that  it  muM 

put  an  cud  to  tl.c  old  rcKime  of  inefficiency,  and  bring  the 


technically-trained  student  into  his  own  legitimate  sphere. 
Even  those  of  us  who  had  a  fairly  good  idea  of  the  ad- 
vances which  Clermanv  has  been  making  in  technical 
directions  were  startled  to  discover,  a  few  months  after 
the  outbreak  of  war,  the  extent  to  which  we  had  become 
dependent  upon  her  for  some  of  the  most  important 
m.iterials  and  instruments  of  production.  In  every  branch 
of  mechanical  and  electrical  engineering  German  tools 
and  materials  played  an  important  part  ;  our  Lirgest 
supply  stations  were  equipped  with  (icrman  plant  ;  and 
many  of  our  manufacturers  were  making  machines  as- 
sembled from  Gerin.m  parts.  There  is  probably  hardly 
a  factory  in  Kngland  which  was  not  to  some  extent  para- 
lysed by  the  inability  to  obtain  material  which  it  had  been 
getting  from  Germany,  and  if  the  War  had  been  delayed 
a  few  years  we  should  probably  have  been  still  worse  off. 
It  is  little  wonder  that  tlic  Germans  had  become  imbued 
with  the  idea  that  Britain  was  decadent,  and  that  they  had  . 
a  right  to  the  domination  of  the  world  for  their  superior 
efficiency.  In  the  long  run  eflftciency  must  tell,  and  if 
Germany  had  not  been  too  eager  and  struck  too  soon, 
it  is  quite  possililc  that  she  would  have  gained  the  day, 
from  our  sheer  inability  to  stand  alone,  and  from  her 
domination  of  our  industries.  Fortunately,  she  did  strike 
too  soon,  and  fortunately  the  splendid  individuality  and 
adaptability  of  our  young  engineers  enabled  us  rapidly  to 
retrieve  our  position,  so  that  to-day  we  sec  munition  works 
of  vast  magnitude  in  full  swing,  with  hosts  of  capable 
young  engineers  man.aging  them  ;  and  it  is  quite  safe  to 
s.-iy  that  Germany  will  liiid  a  very  different  Kngland  to 
compete  with  when  the  War  is  over.  And  the  lesson 
which  has  been  driven  into  our  lawyer  politicians  and 
generals  is  that  this  is  a  war  of  engineering,  where  every 
powerful  and  delicate  device  which  the  resources  of  science 
can  give  us  is  needed.  Every  form  of  energy  has  been 
employed  for  transport,  explosives,  and  signalling,  and  one 
of  the  most  fascinating  chapters  in  teclinical  science  will 
be  written  after  the  War,  wlien  the  marvellous  devices  it 
h.as  brought  forth  may  be  described.  But  only  those  who 
have  been  concerned  in  their  production  can  know  how 
much  this  development  has  been  hampered  by  the  want 
of  material  which  we  ought  to  have  had  available,  and 
which  tlie  Germans  had  rcidy  to  their  hands. 

It  has  been  said  that  a  Briton  is  at  his  best  when  his 
b.ick  is  .igainst  the  wall,  .md  the  way  in  which  some  of  our 
manufaclurers  have  risen  to  the  emergency  is  cert.iinly 
splendid.  The  W.ir  ha^  galv.ini/.ed  them  into  life,  and  it 
is  a  fact  testilied  to  even  by  the  American  critic  above 
mentioned,  that  it  has  made  it  possible  to  get  things  done, 
even  unconnected  with  the  War,  much  more  promptly 
than  in  peace  time.  And  one  cannot  help  feeling  san- 
guine that  the  lesson  so  sharply  given  us  by  the  War  wilt 
endure,  and  that  our  efficiency  .as  a  m.^nufacturing  nation 
will  be  permanently  raised.  Kor  this  reason  I  hope  that 
the  d.ay  of  the  tcchnic.illy-trained  engineer  is  dawning, 
and  that  bcfoie  many  years  are  over  we  may  have  some 
of  the  oppoiliiiiities  which  his  more  (orlunatc  (ierman  and 
especially  American  contemporaries  have  been  enjoying. 
When  we  sec  what  American  factoiics  have  been  doing  in 
equipping  laigc  research  laboratories,  manning  them  with 
imivcrsily  gradu-ilcn,  and  issuing  scientific  journals  which 
compare  favourably  with  the  proceedings  of  our  scientific 
Mcieties,  wc  can  only  wonder  what  blight  has  fallen  upon 
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us  and  hope  that  the  War  will  have  given  us  that  awakening 
which  our  King  proclaimed  the  need  for  years  ago. 

We  have  still  one  great  asset  in  this  country— the  reputa- 
tion for  honestv  and  reliability,  which  Germany  with  all 
her  scientific  ability  has  not  been  able  to  secure,  in  certain 
directions  at  least.  All  the  more  possible  should  it  be  for 
us  to  regain  supremacy  if  we  will  adopt  scientific  methods. 

The  Opportunities  for  Development. 

When  we  come  to  consider  the  direction  in  which  pro- 
gress is  to  be  made,  there  is  still  certainly  a  great  oppor- 
tunity for  the  improvement  of  British  electrical  machinery, 
especially  as  regards  single-phase  and  polyphase  motors 
and  their  application  to  traction  and  industrial  work. 
There  is  no  need  to  dwell  on  this,  and  we  may  expect  to 
see  considerable  progress  before  long.  But  it  will  only  be 
effected  by  bringing  a  scientific  spirit  to  the  work,  the 
determination  to  make  considerable  present  sacrifices  for 
future  results,  and  to  analyse  the  defects  and  sources  of 
loss  in  each  type  of  machine  with  a  view  to  steady  im- 
provement. This  is  the  work  we  set  ourselves  at  the 
Northampton  Institute  years  ago,  and  the  justice  of  this 
view  has  been  emphasized  by  the  recent  presidential 
address  of  Mr.  Gerald  Stoney  to  the  Engineering  Section 
of  the  British  Association,  in  which  he  pointed  out  that  the 
steady  development  of  the  steam  turbine  from  its  scientific 
toy  stage  to  the  immense  engines  of  to-day  has  been  due 
to  the  constant  testing  and  analysis  of  losses. 

This  brings  me  to  the  second  branch  of  the  industry, 
which  offers  great  opportunities — that  of  electrical  measur- 
ing instruments.  Although  this  has  always  been  a  favourite 
subject  of  mine,  and  was  recommended  to  your  notice  in 
mv  earlier  addresses,  I  must  confess  that  it  was  not  until 
the  last  few  months^  during  which  Mr.  A.  C.  JoUey  and  I 
have  been  at  work  on  a  book  concerning  it,  that  I  realized 
what  a  field  it  offered.  We  have  had  numerous  treatises 
dealing  with  dynamo  design  in  all  its  details,  but  the 
design  of  electrical  instruments  is  almost  an  untouched 
field,  and  the  opportunities  still  available  for  new  and  im- 
proved designs  as  regards  British  instruments  are  con- 
siderable. In  connection  with  this  work  we  have  had 
occasion  to  take  to  pieces  and  e.xamine  the  construction 
of  a  number  of  British,  French,  German,  and  American 
instruments,  and  anyone  who  has  done  so  will  see  how 
much  needs  to  be  done.  We  have  now  found  it  possible 
to  reduce  the  design  of  several  types  of  instruments  to  a 
fairly  definite  shape,  and  the  comparison  of  many  of  the 
instruments  on  the  market  with  such  a  design  is  most 
instructive.  Even  in  such  matters  as  standard  resistances 
for  current  measurement,  which  have  become  almost  a 
German  preserve,  I  have  found  opportunity  for  material 
improvement,  and  I  am  convinced  that  if  we  choose  to 
tackle  the  matter  seriously,  we  can  beat  the  Germans  even 
in  this  sphere  in  which  they  have  made  wonderful  pro- 
gress. There  is  still  room  for  good  indicating  instruments 
and  standards  for  alternating-current  supply,  especially  in 
those  suitable  for  wireless  work,  for  well-designed  equip- 
ments for  supply-meter  testing,  and  for  devices  for 
mechanical  measurements. 

Another  great  field  for  new  development  is,  as  I  also 
emphasized  on  a  previous  occasion,  that  of  telegraphy 
and  telephony.  Nothing  in  the  history  of  electrotechnical 
science   has   been   so   remarkable  as  the  development  of 


electrical  signalling.  Just  as  finality  appears  to  be  reached 
in  a  certain  direction,  a  new  possibility  opens  up  ;  and 
telegraphy,  which  is  the  oldest  of  the  electrotechnical 
applications,  is  to-day  the  youngest  and  most  progressive 
of  them.  Thanks  probably  to  our  insular  position  and 
great  commerce,  this  is  a  field  in  which  we  ma}'  legiti- 
mately be  proud  of  our  record.  But  the  recent  work  of 
Colonel  Squier,  and  others,  shows  there  is  yet  a  prospect 
of  a  revolution  in  cable  telegraphy,  and  there  is  no  better 
scope  for  an  original  enthusiast  than  in  either  cable  or 
wireless  signalling. 

Then  again  there  is  the  question  of  materials,  of  good 
allovs  for  resistance  work  and  for  springs,  of  satisfactory 
mechanical  insulators,  of  strong  and  light  materials  for 
aeronautical  work,  as  well  as  optical  media,  etc.  Up  to 
the  present  German  manufacturers  have  had  a  great  advan- 
tage over  our  own  in  this  respect,  but  there  is  reason  to 
hope  that  this  will  be  rectified  soon.  For  example,  Messrs. 
Wiggins  have  turned  their  attention  to  resistance  alloys, 
with  the  result  of  producing  some  which  in  quality  and 
cost  compare  most  favourably  with  the  German  products. 

Last,  but  not  least,  there  is  the  electrochemical 
industry,  and  above  all  the  electrical  production  of 
nitr.ates,  upon  which  I  ventured  to  lay  great  stress  when  I 
last  addressed  you.  The  War  has  enormously  increased 
the  importance  of  this  matter  both  for  the  production  of 
fertilizers  and  of  explosives,  and  it  is  pretty  safe  to  say  that 
Germany  would  have  collapsed  many  months  ago  but  for 
her  remarkable  achievements  in  this  direction.  The  need 
for  development  in  this  direction  in  this  country  is  most 
urgent,  and  a  start  has  already  been  made,  although  I  do 
not  know  how  much  has  yet  been  effected.  In  view  of  the 
outcry  for  home-grown  food  (which  is  usually  sublimely 
unconscious  of  the  importance  of  fertilizers)  the  impor- 
tance of  this  matter,  and  of  the  catalytic  processes  which 
the  Germans  have  devised  for  the  conversion  of  nitrates 
into  ammonia,  etc.,  cannot  be  over  emphasized. 

The  Industrial  Outlook. 
The  darkest  cloud  on  our  horizon  is,  however,  the 
industrial  problem.  Of  late  years  the  neglect  of  funda- 
mental economic  studies,  about  which  I  ventured  to  give  a 
most  serious  warning  in  my  first  Address  to  this  Section, 
has  been  bearing  fruit  at  a  most  alarming  rate,  and  I  make 
no  apology  for  introducing  the  matter  again.  In  fact,  the 
problem  is  so  serious  that  our  technical  papers  have  been 
obliged  lately  to  devote  considerable  attention  to  the  pros- 
pects of  industry  after  the  War.  But  it  is  rare  to  see  the 
matter  treated  from  its  fundamental  aspects.  The  root  of 
the  mischief  is  the  Socialistic  fallacy  that  there  would  be 
plenty  for  all  if  it  were  only  properly  distributed,  and  that 
the  wage  earners  are  constantly  exploited  so  as  to  receive 
only  a  fraction  of  the  value  of  tlieir  labour.  These  ide.as 
have  been  so  sedulously  propagated  by  the  Socialists  and 
trade-union  leaders,  so  weakly  combated  by  employers, 
and  so  constantly  pandered  to  by  the  Government  and  by 
the  sentimental  public,  that  the  whole  attitude  of  organized 
labour  has  become  a  menace  to  the  community.  No  one 
can  be  keener  than  myself  to  see  the  wages  of  the  working 
classes  rising  rapidly  and  continuously,  but  it  must  be  by 
increasing  the  efficiency  and  demand  for  their  services, 
and  by  the  encouragement  of  individual  initiative  and 
capability.     Unfortunately,  instead  of  keeping  to  the  good 
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old  rule  o(  free  trade  in  mbility,  of  Icttinf;  the  best  men  ri^c 
(hrouijh  their  own  prowess  and  exertions,  and  of  letting 
ivagcs  and  prices  he  ■titled  by  free  competition  and 
bargaining,  the  cry  lias  been  continually  for 
•~  ilion  of  wages  and  of  the  cost  of  living.     Worse 

suii,  the  uticr  misconception  of  the  true  facts  of  exiNtence 
— the  mistaken  belief  that  the  struggle  is  between  labour 
and  capital,  instead  of  between  mankind  and  the  niggardli- 
ness of  Nature,  and  the  l>elief  that  we  arc  actually  suffering 
from  over-production,  has  led  the  working  classes  info  the 
IS  and  suicidal  notion  that  they  are  best  serving 
is  of  their  class  by  strikes  and  bv  limitation  of 
oulpul.  Wliat  this  country  has  lost  in  commerce  before 
the  War.  what  it  has  lost  in  the  lives  that  have  been 
thrown  away  through  insufficiency  of  munitions  since  the 
War  began,  due  to  this  criminal  folly,  makes  one  sick  to 
think  of.  Men,  working  diligently  at  important  munition 
work,  have  been  stopped  by  their  companions  and  told 
th.at  they  must  not  turn  out  more  than  one-third  of  thi- 
work  they  were  easily  capable  of  doing.  Others  have 
been  systematically  losing  time  by  day  in  order  to  work  at 
night  and  on  Sundays  to  get  high  overtime  rates.  Idling 
and  shirking  have  been  rife.  .\nd  the  War  has  onlv 
brought  into  relief  tendencies  which  were  stc.idilv  under- 
mining our  industries  in  peace.  How  could  we  expect  to 
keep  pace  with  the  well-trained  and  steadily  working 
German  mechanics,  directed  by  their  highly  skilled  fore- 
men and  scientific  engineers  ?  If  the  same  conditions  are 
to  prevail  after  the  War,  it  will  not  be  worth  the  winning. 
The  ultimate  fate  of  our  Empire  will  be  as  certain  as  if 
Germany  had  destroyed  our  fleet. 

I  am  far  from  laying  the  whole  blame  for  this  condition 
of  affairs  on  the  wage  earners.  It  is  shared  bv  the  whole 
community  in  our  utter  failure  to  put  economic  facts  before 
the  masses,  and  to  counteract  the  Socialist  teaching.  If 
you  listen  to  Socialist  orators  in  the  parks  or  at  street 
corners,  you  are  almost  certain  to  hear  before  long  that  the 
"workers"  are  "exploited"  by  the  employers  to  the 
extent  of  getting  only  a  fraction  of  the  value  of  their 
labour,  while  the  employer  is  supposed  to  take  the  rest. 
Now  It  is  perfectly  true  in  many  industries — the  electrical 
induMry  for  one — that  the  amount  paid  in  wages  to  the 
man  who  makes  a  certain  machine  or  instrument  is  only 
about  one-fourth  or  even  less  of  its  list  price.  But  for 
every  pound  given  to  a  man  in  wages,  he  commonly  uses 
about  a  pound's  worth  of  materials — he  uses  buildings, 
tools  and  machinery,  power  and  light,  he  needs  drawings, 
patterns,  and  templets,  the  supervision  of  a  foreman,  etc., 
which  may  easily  amount  to  another  pound.  And  then 
tome  the  administrative  charges,  clerks  and  l>ook- keepers, 
stationery,  postage,  packing,  price  lists,  patents,  discounts, 
and  last— and  often  least— profits.  Wc  thus  have  the 
rough  classification  : — 

Mechanics'  wages  one-fourthi 

MatcrtaK one-fourth 

Factory  expenses...         ...         ...  one-fourth 

AdmiMstralivc     expenses,    dis- 
counts, and  profit*      one-fourth 

II  will  be  seen  at  a  glance  that  the  proportion  paid  as 
mechanics'  wages  is  not  in  the  least  unreasonable,  and  that 
the  bulk  of  the  remainder  is  also  paid  in  wages  to  the  pro- 
ducer    anri   iii<tr<)iiitors  of  material,  to  the  foremen,  tool- 


price  of 
goods 


makers,  draughtsmen,  clerks,  etc.  In  fact  in  the  bulk  of 
good-class  work  there  is  practically  no  margin  of  profit  at 
.ill  if  the  mechanic's  w.iges  exceed  onci)uarlei  of  the  price. 
The  fallacy  in  the  worker's  mind  is  that  he  imagines  he 
is  the  only  producer,  because  he  shapes  the  parts  and 
assembles  them  to  form  the  machine,  losing  sight  of  the 
large  number  of  other  workers  necessary  to  make  his  pro- 
cesses effective. 

All  this  is  absurdly  elementary,  but  where  will  you  find 
a  clear  grasp  of  it  in  popular  or  other  writings  on  social 
subjects  ?     And  where  will  you  find  it  realized  that  labour 
in  itself  is  of  no  v.iluc  whatever  ?     As  technical  students 
you  know  the  distinction  between  force  and  work.     Sup- 
pose you  have  a  heavy  load  to  be  held  in  position  while 
being  fixed.     You  know  that  after  it  has  once  been  lifted 
no  energy  is  expended  in  keeping  it  up.     One  workman 
will  support  the  load  on  his  shoulders  for  hours,  grumbling 
all  the  while  about  this  hard  "  work,"  while  another  will    . 
get  hold  of  a  few  bits  of  wood  and  shore  up  the  load  in  a 
few  minutes,  and  go  off  to  do  really  useful  work  elsewhere. 
Is  the  first  man  to  be  p.aid  a  "  living  wage  "  for  his  exhaust- 
ing but  useless  fcai  ?     Again,  power,  as  such,  can  be  pro- 
duced by  combustion  engines  at  a  fraction  of  a  penny  per 
horse-power-hour.     Even,  therefore,  if  a  man  works  hard 
and   steadily  at  the  rale  of  one-tenth  of  a  horse-power,  his 
mcch.inical  energy  as  such  is  not  worth  a  farthing  an  hour 
It  is  his  skill  and  intelligence  that  really  count,  and  these 
differ  to  an  enormous  extent,  showing  the  absolute  fallacy 
of  a  standard   w.ige,  or  of  the  M.arxian  doctrine  of  labour 
values.     However  hard  a  man  may  work,  unless  his  skill  is 
such  as  directly  or  indirectly  to  increase  tlie  necessaries  of 
life  by  as  much  as  he  consumes,  he  is  not  entitled  even  to  a 
living  wage.     Nature  knows  no  living  wage.   The  man  who 
is  wrecked  on  a  desert  island  may  labour  unceasingly  and 
yet  starve,  or,  if  he  has  the  ability,  may  do  comparatively 
little  and  yet  obtain  large  "  excess  profits."     It  is  the  forces 
of  Nature  which  "  work  "  ;  our  business  is  to  get  them  to 
operate  to  our  adyanf.age,  and  our  success  or  failure  must 
rightly  depend  upon  our  ability  to  do  this. 

The  absurdity  of  regulation  of  wages  can  be  shown  in  a 
very  simple  manner.  If  I  have  a  knife  in  iny  pocket  which 
I  am  willing  to  dispose  of,  I  can  ask  anvont  what  he  will 
give  me  for  it,  and  we  can  settle  the  bargain  in  a  minute 
between  ourselves.  Who  has  a  right  to  interfere  ?  But 
suppose  that  I  have  m.ade  the  knife  myself,  taking  several 
days  to  do  so  for  want  of  skill  and  facilities,  and  that  I  sell 
it  for  a  shilling.  What  is  my  wage  ?  If  it  is  permissible 
to  make  a  free  bargain  between  individuals  for  an  article 
which  is  the  product  of  labour,  it  cannot  be  wrong  to  make 
a  bargain  in  the  labour  which  produces  it.  Onlv  by  free 
bargaining  in  commodities  can  the  true  value  to  the  com- 
munity be  fixed,  and  only  by  free  bargaining  in  labour 
or  services  can  their  true  value  to  the  community  he 
arrived  at. 

Supposing  that  I  want  some  work  done  suitable  for  a  boy 
or  girl,  and  offer  lo  shillings  a  week  wages,  but  that  a  man 
with  a  wife  and  family  comes  to  me  and  says,  "  I  can't  gel 
anything  better,  let  me  have  the  place."  Am  I  wrong  in 
giving  it  him,  and  am  I  responsible  for  his  family  affairs  1 
There  is  something  seriously  wrong  somewhere  in  a  full- 
|{rowii  man  wanting  to  woi  k  for  lo  shillings  a  week,  but 
Ihc  responsibility  is  no  more  the  employer's  than  it  is  that 
of  any  other  member  of  the  community.     For  many  ycara 
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I  have  abandoned  practically  all  other  interests  to  study 
proposed  remedies  against  low  wages,  and  I  lirinly  believe 
that  in  many  cases  it  pays  an  employer  to  offer  high 
wages  in  order  to  get  good  men,  but  I  absolutely  deny 
the  right  of  any  organized  body  or  State  to  interfere  in 
a  free  bargam  between  man  and  man  for  the  exchange  of 
goods  or  services.  A  small  shopkeeper  who  is  unskilful 
in  producing  or  obtaining  at  reasonable  prices  goods 
which  the  public  requires  may  see  his  business  go  down 
to  the  starvation  point,  yet  no  one  in  his  senses  would 
suggest  that  the  public  should  be  compelled  to  buy  from 
him  or  to  offer  a  high  price  for  his  goods.  Equally  absurd 
is  to  fix  a  standard  price  for  labour.  The  only  result  is  to 
eliminate  effort,  to  discourage  abihty,  to  set  up  false  values, 
to  cloak  real  economic  issues,  and  to  substitute  political 
agitation  for  efficiency.  The  only  legitimate  method  of 
increasing  wages  is  in  increasing  efficiency,  i.e.  increasing 
the  value  of  the  individual  to  the  community.  If  that  is 
done,  free  competition  and  individual  bargaining  will  make 
wages  rise  independently  of  any  organization. 

All  this  may  sound  very  harsh,  although  it  is  intended  in 
the  most  humanitarian  spirit,  and  it  is  certainly  in  direct 
conflict  with  the  general  trend  of  opinion  at  present.  But 
many  of  you  will  in  time  have  to  bring  all  your  forces 
to  bear  in  tackling  industrial  problems,  and  it  is  to  tech- 


nically-trained engineers,  with  their  constant  confront- 
ing of  practical  problems,  not  to  academic  economists  or 
time-serving  politicians,  that  I  look  for  their  solution. 
From  the  da)'  the  War  ends,  the  industrial  and  econo- 
mic questions  will  become  urgent,  and  the  future  of 
our  country  and  Empire  depends  upon  how  they  are 
handled.  Our  help  must  come  from  our  great  British 
pioneers,  whom  we  have  so  shamefully  neglected — Adam 
Smith,  Mill,  Chalmers,  Bentliam,  Darwin,  Huxley,  and 
Herbert  Spencer,  in  the  revival  of  enlightened  individ- 
ualism, and  in  the  resolute  determination  to  depend  on 
our  own  efforts  and  on  voluntary  co-operation,  repelling 
as  much  as  possible  the  benumbing  influences  of  State 
control  and  enforced  organization.*  In  any  case,  I  feel 
confident  that  the  prospects  before  the  Students'  Section 
are  brighter  than  at  any  previous  time  in  its  history,  and  I 
sincerely  hope  that  it  will  take  a  great  part  in  restoring  the 
uccess  of  British  engineering. 

•  It  may  appear  at  first  sight  totally  inconsistent  tor  me  to  object  so 
strongly  to  State  interference  with  education  and  industry,  and  at  the 
same  time  to  pay  such  a  tribute  to  the  efficiency  oi  Germany,  where 
centralization  has  been  carried  to  the  highest  pitch.  But  it  is  demo- 
cratic centralization  by  representatives  or  committees  which  is  and 
must  be  inefficient.  Autocratic  centralization  is  frequently  most 
highly  efficient.  Its  evil  is  its  infringement  o!  liberty,  and  the  scope 
it  gives  to  overweening  ambition,  as  shown  in  this  War. 


19-2 


PROCEEDINGS   OF   THE    INSTITUTION. 


PROCKEDINGS   OF    TUF.    INSTITUTION. 


698RD  ORDINARY    MEKTINd,    U    DKCEMUER,    1916. 


Mr.  C.  P.  Sparks,  President,  took  the  chair  at  8  p.m. 

The  minutes  of  the  Ordiii.iry  Meeting  held  on  the 
jjtrd  N'oveniber,  1916,  were  taken  as  re.id,  and  were 
confirmed  and  sif^ncd. 

The  list  of  candidates  for  election  and  tr.in&fcr  approved 
hy  the  Council  for  ballot  was  taken  as  read  and  was 
ordered  to  be  suspended  in  the  Hall. 


The  President  announced  that  a  greetings  card  in  the 
name  of  the  Institution  would  be  sent  early  the  following 
week  to  all  members  on  active  service. 

A  paper  by  Mr.  R.  W.  Weightman.  Member,  entitled 
"Colonial  Telegraphs  and  Telephones"  (sec  page  91), 
was  read  and  discussed,  and  the  meeting  adjourned  at 
10.5  p.m. 


5WTH  ORDINARY    .MEETINti.    11    JANIARY,    1917. 


Mr.  C.  P.  Sparks,  President,  took  the  chair  at  8  p.m. 

The  minutes  of  the  Ordinary'  Meeting  held  on  the 
14th  l>ecember,  1916,  were  taken  as  read,  and  were 
confirmed  and  signed. 

The  list  of  candidates  for  election  .ind  transfer  approved 
by  the  Council  for  txillot  was  taken  as  read  and  was 
ordered  to  be  suspended  in  the  Hall. 

Messrs.  H.  S.  Thompson  and  I.  H.  Jenkins  were  ap- 
pointed scrutineers  of  the  ballot  for  the  election  and 
transfer  of  members,  and,  at  the  end  of  the  mcetmg,  the 
result  of  the  ballot  was  declared  as  follows  : — 


Elections 


Associate  Members. 


liellman,   Harold,  Corporal, 

R,E.  (T). 
Clunas,  ]ames  Wilson  S. 
Cottam,  Harry  l-eslie. 
Darling,  William  Noble. 
Dixon,  William. 
I>rurv   lime-  Denver. 
DuK,  h  Patrick. 

Evai. ..    ;,. 

Eraser,  David  Mann. 
HayhurM,  Harrv  llolman. 

Woods. 


Hilton,  John  George  M. 
Hobson.  William  Falshaw. 
Hughes,  Arnold  Alexander. 
Lincoln,  John  William.Capl., 

R.E. 
McDougall,  Alfred. 
Mason,  Frank. 
Piggolt,  James  William. 
Spence,  James. 
Sutton,  Charles  Cecil. 
White,  Joseph. 
Filzrov. 


Graduates. 


Advani,  Pritamdai  Rhojra). 
Bkxire,  Thoma*. 
IVwirnc.  frroTfje 


xk. 

i.lcT  Daxid. 
.  Raul  dc  F. 

:>.i\kar 


Glass,  Charles  (teorge. 
Hodges,  Eric  Samuel,  Sapper 

1921,  I,.K.E. 
Karuvcn,  Muliyil. 
Mortimer,  Matthew  Johnson. 
Newman,  Arthur  Sidney. 
Smith,  Gillnrrl. 
Stephcnv)n,  Cyril  Heath. 
Strand,  Ralph  Rixon. 


Students. 


Beckett,  Thomas  Runibold. 
Bromley,  James  Treasure. 
Carlisle,  Ralph  Sydney. 
Cooper,  Harold  Rittcr. 
Cousins,  Cyril  George, 
dc    Melho-Vilhena,    Themi- 

stocles. 
Everett,  Arthur  George. 
Farrington,  George  Howard. 
Gibbard,  Henry  England. 
Hall,  William  Noel,  Sapper, 

L.E.E. 


H.irmsworth,  Harry  Brooke. 
Lisle,  George  Stanley. 
Mann,  Herbert  Clarence. 
Miller,  John  Ashbridge. 
Nott,  Madeline  (Miss). 
Paddon,  Errol  Graham  E. 
Robinson,  Geoffrey. 
Thornton.  Norman. 
Travcrs,  Archibald. 
Tunnah,  Albert  Edward. 
Yung,  Chi  Wei. 
Zannoni-Chauvct.  Cottanfo. 


Transfers. 

Associate  Member  to  Member. 
Chameii,  Charles  Henry  K.       Monkhouse,  Samuel  Ernest, 
Chapman,     Fit/roy     Tozer,         Capt..  U.K. 

D.Sc.  Morjjan,  Thomas  Bernard. 

Eaton,  George  Herbert.  Smith,  Tom  Vincent. 

Whalnall,  James  Alfred. 

Associate  to  Member. 
Cochrane,  Ernest  James.  Watlington,  Victor. 

Graduate  to  Associate  Member. 


Alexander,  John  Wallace. 
Bairsto,     George      Edward. 

D.Sc.,  B.Eng. 
Bond,  Harold. 
lUodie,  William. 
Burnett,  Francis  Edgar. 


Coleman.  Herbert  Stoddard. 
D.-tinty.   William    Reginald. 

Flight  Sub-Lieul.,  R.N. 
Day,  l»aac. 

Fairfield,  Thomas  James. 
Lloyd,  John  Ambrose. 


Student  to  Asvewte  Member. 
Blakcmore,  Ernest.  Drivct,  E<lgar  Tlionias.B.Sc. 

Bottone,  Reginald  Amadcus      Dudley,  Roderick  World. 

R.  Hornyold,  Henry. 

Bramwcll.  Henry  Percy.,  Lecson.  Bruce  Hamer, 
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Sludent  lo  Associate  Member— continued. 
Linstow,  Frederick  Norman.     Rowcliffe,  Frederick. 


McCall,  George  William. 
Marquand,  Hilary  Strina. 
Marshall,  Claude  Roland. 
Mathieson,  Donald. 
Morris,  Alfred. 


Sizer,  Nelson. 

Tipping,      George      Owen, 

Lieut.,  R.E. 
Topham,  Frank  Charles. 
Webb,  Estlin  Horrox. 


Student  to  Graduate. 


Arnold,  Arthur. 
Jackson,  Peter. 
Johnston,  Ernest  Clifford. 
Kale,     Purushottam      Balk- 
rishna,  B.Sc. 


Rut- 


Mistry,     Xusservvanji 

tonji,  B.A.,  B.Sc. 
Paddock,  William  George. 
Stell,  Norman. 
Warden,  Hirjibhoy  Byramji. 


The  President  :  At  our  last  meeting  I  mentioned  that 
it  had  been  decided  to  send  to  members  on  active  service 
a  Christmas  card  from  the  President,  Council,  and  members 
of  the  Institution.  We  have  received  a  number  of  acknow- 
ledgments. The  most  interesting  is  from  Major  Battye, 
who  has  sent  us  a  metal  tablet  from  the  Somme,  which 
members  will  have  an  opportunity  of  examining  after  the 
meeting.  The  Council  propose  to  have  it  framed  and 
hung  up  with  a  notice  stating  that  it  was  presented  by 
Major  Battye  as  a  memento  from  Contalmaison. 

A  paper  by  Messrs.  F.  Gill  and  W.  W.  Cook,  Members, 
entitled  "  Principles  involved  in  Computing  the  Deprecia- 
tion of  Plant "  (see  page  137),  was  read  and  discussed,  and 
the  meeting  adjourned  at  9.50  p.m. 


INSTITUTION     NOTES. 


ROLL   OF    HONOUR. 

(FIFTH    LIST.*) 
Killed  in  Action. 

.Mahon.PrivnteA.T.  London  Kegt.  Student 

♦lurray.Actg.Sergt.  Divisional  Engineers,  R..\.D.    Associate 


J.  H.,  D.S.M. 
Stafford,    Lance-    Machine  Gun  Corps 

Corp!.  R. 
Wilson,2nd  Lieut.    Bedfordshire  Regt. 

T.  P. 

Died  of  Wonnds. 
Burrafje.indCorpl.  Royal  Engineers 

C.J. 
Dutch,  2nd  Lieut.     Royal  Fusiliers 

E.J. 


Member 
Student 

Student 


Student 

Associate 
Member 


MILITARY   HONOURS  AWARDED. 
(FIFTH   LIST.t) 


O.C.B. 

Jacks'in,  Admiral    Royal  Navy 

Sir       H.       B., 

K.C.B.,K.C.V.O. 

CHG 

Cormatk,   Lieut.-     tieneral  Ll>t 

C<jl.  J.  D. 
Hopkinson,Major     Unattached  List,  T.K. 

B. 
Ruck,  Major-Oen.     Reserve  of  Ofticcr> 

R.  M..  C.B. 

Distinguished  Service  Order. 
Evans,   Major    L.     Royal  Engineers 

Harrison,MajorN.    South  African  Engineers 

Lintott,.MajorA.L.    London  Regt. 


Member 

Memlicr 
Member 
Member 


.Vssdci.ilc 

Member 
Associate 

Member 
Graduate 


•  See  vol.  54,  pp.  64,  447,  and  ^74.  and  vol.  55.  p.  55. 
t  Sec  vol.  54,  pp.  306,  518,  and  674,  and  vol.  53,  p.  56. 


Military  Cross. 

Beamish,        2nd  Royal  Warwickshire  Kegt.        Graduate 

Lieut.  F.  N.  H. 
"  He  commanded  two  companies  and  reorganized  them, 

consolidated  and  held  the  position  under  intense  fire.     He 

has    previously  done    very    line    work." — London    Gazette, 

II  December,  1916. 

Bowers,        Lieu-  Northumberland  Fusiliers          Graduate 

tenant  E.  G. 

Cardevv, 2nd  Lieut.  Royal  Field  Artillery                  Associate 

]•  H.  Member 

Carty,       Captain  Army  Service  Corps                   Associate 

S.  W.  .Member 

Jackson, 2nd  Lieut.  Royal  Engineers                         Student 

H.  Y.  V. 

Long,  Lieutenant  Royal  Field  Artillery                 Associate 

R.  F.  Member 

Marx,  Captain  R.  Royal  Field  Artillery                  Student 

Pope,  Lieutenant  Royal  Engineers                         Associate 

W.  G.  T.  .Member 

Suggate,  Captain  Army  Ordnance  Dept.               Associate 

C.  F.  D.  Member 


Order  of  tbe  Nile  iFourtb  Class). 
Robinson,     Com-     Royal  N'avy 

inander  E.  G., 

V.C. 

Mentioned  in  Despatches. 
Alexander,  Major    London  Regt. 

R.  D.  T. 
Barker,  Major  J.     Royal  Engineers 

S.,  M.V.O. 
Battye,  Bt.  Major     Royal  Engineers 

B.  C,  D.S.O. 
Bennett,2ndLicul.    Royal  Field  Artillery 

E.  J.  L. 
Bumpus,       2nd    Northumberland  Fusiliers 

Lieut.  B.  E. 
Collins,     Captain     Royal  Engineers 

D.  S.,  D.S.O. 


Associate 
Member 


Associate 

.Member 
Associate 

Member 
Associate 

Member 
Associate 

Member 
Associate 

Member 
Associate 

Member 
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Cooper,  >la)or  V. 

Royal  En|{ineer» 

Member 

Short,       Captain 

Staff  for  R.E.  Services 

Associate 

B.  D. 

E.  A. 

Member 

Cornudc,   UexH- 

General  Likt 

Member 

Simpson,     Major 

Koyal  Engineers 

Ass<Kiate 

C.)l.  J.  D. 

L.  S. 

Cou-an.       Major 

Roj-al  Ent;iiicer!> 

Associate 

Sm\-th, Lieutenant 

Army  Ordnance  Dept. 

Associate 

S.  H..  D.S.O. 

Member 

A.  H. 

Member 

DavidMMi.      Cap- 

R.-yal Engineers 

Associate 

Sparks.     CapUin 

I^ondon  Rcgt. 

Member 

tain      A        E 

Member 

H.   C,    D.S.O.. 

D.SO. 

MC. 

DotKon.       Major 

South  African  Pioneer* 

Member 

Stacc,        CapLiin 

Royal  Engineers 

Associate 

J.  H. 

R.  E. 

Member 

Dunthcath,  Lieu- 

Royal Engineers 

Associate 

SUiiley,  Major  R. 

Royal  Engineers 

Member 

tenant  P. 

Member 

Tiinmis,    Capt.-iin 

Royal  Garrison  Artillery 

Associate 

Edmonds.      Cap- 

Royal  Engineers 

Associate 

F.  \V. 

Member 

Uin  C.  H.W. 

Member 

Trippc.Licutcnant 

Royal  Engineers 

Associate 

Kthcl»ton,     Lieu- 

Royal Field  Artillery 

Student 

C.  F. 

Member 

tenant  S. 

Tucker,2nd  Lieut. 

General  List 

Associate 

Evan»,  Major  L, 

Royal  Engineers 

.Associate 

W.  S. 

Member 

Tuppen,   Captain 

Anny  Ser\'icc  Corps 

Student 

Glendenning.Cap- 

Royal  Engineer!) 

.Member 

H.  R. 

tain  S.  E. 

Wayne  -  Morgan, 

Royal  Engineers 

Member 

Hardie,       Major 

Ro>-al  Engineers 

Associate 

Major  J.,  M.C. 

C  C.  A. 

Member 

Hopkinson.Major 

B. 
Hunt,  3nd  Lieut. 

T.  C. 

t'natuched  List,  T.K. 

Member 

Royal  Engineers 

Associate 
Member 

MEMBERS    ON    MILITARY    SERVICE. 

Htinter,    Captain 

Royal  Engineers 

Associate 

(TENTH    LIST.') 

E.  B. 

Member 

He-,  Ma)..rK.  A 

Royal  Engineers 

Associate 
Member 

Members. 

Jac(|uc%.2nd  Lieut. 
G. 

Royal  Flying  Corps 

Associate 
Member 

.Vrimc. 
Dixon,  H.  L. 

Cotfs,  (k. 
Royal  Flying  Corps 

R.iiik.     m 
2nd  Lieut. 

Kirkby,     Captain 

Army  Ordnance  Dcpi. 

Associate 

St.  John,  K.  C. 

K.N.V.R' 

Lieutenant 

H.  M. 

Member 

Webb,  H.  L. 

General  Staff 

Captain 

Law,CaplainA.H. 

Royal  Field  Artillcr)' 

Member 

Williams,  A. 

R.N.V.R. 

Lieutenant 

I^roy,  Major  H. 

Royal  Engineers 

.Associate 

P.  T.,  MC. 

Member 

Associate  Memiiers. 

Lintotl,     Maj'.r 

iy>indon  Rcgt. 

Graduate 

Algar,  H 

Royal  Engineers 

2n(l  l.iciil. 

A.L. 

Baker,  J.  A. 

Army  Service  Cfirps 

Lieutenant 

M  cCI  vmont,  Ma  jor 

Royal  Artillery 

Associate 

B.ivnham.  H    P. 

Royal  Marines 

Sergt. -Major 

k.  A. 

Btllm.nn.  H. 

Royal  Engineers 

Corporal 

McNauRhton. 

Cinadiaii  Field  Artillery 

Associate 

Bodkin,  G.  S. 

Royal  Engineers 

2nd  Lieut. 

Lieut. Col.      A. 

Member 

Bridgcr,  T.  W. 

Australian  Flying  Corps 

«.  L. 

Bri.thcrton,  C.  E. 

Royal  Engineers 

3nd  Lieut. 

MaKuirc,2nd  Lieut 

Ro)-al  Engineers 

Associate 

Buckley,  P. 

Royal  Engineers 

Captain 

C.  E. 

Member 

Corbctl.  R.  W.  T. 

Ri>val  Engineers 

2nd  Lieut. 

Mann.  Lieutenant 

Royal  Engineers 

Associate 

Curlcis,  A.  F.  R. 

R.N.V.R. 

Lieutenant 

K  KG. 

Member 

Dixon,  W. 

Royal  Engineers 

2n(l  Lieut. 

M.tnt<>n.       Lieu- 

Royal Knginecrs 

Associate 

Drurv,  J.  D. 

Royal  Engineers 

Cadet 

tenant  G.  S. 

Member 

Duggan,  J.  P. 

Koyal  Australian  Navy 

Elec. 

Millikcn,  Captain 

Royal  Engineers 

Associate 

Draughtsman 

R.C 

Member 

KIkins,  C.  A.  I. 

Royal  Engineers 

Sapper 

Minthall.    Major 

Royal  Engineers 

Member 

Frascr,  D.  M. 

Royal  Engineer" 

Corpoi  .il 

T.  H. 

Gillespie.  W. 

Royal  Engineers 

Lieutenant 

Puwcll.jnd  Lieut. 

Royal  Engineers 

Associate 

HayhursI,  II.  li. 

New  Zealand  M.ichinc  Gun 

Lieutenant 

C. 

Meinl>cr 

Corps 

Richarctaon,  Cap- 

Royal  Knginecri 

Member 

Kennedy.  D.  H 

.Military   Aeronautics    Diici 

I'aptain 

lain  H. 

toratc 

R"binv>n.    Com- 

Royal  Navv 

Assficiatc 

U.1KC.  H.  II. 

Royal  Fhing  Cocps 

Lieutenant 

nundcr  E.  O., 

Member 

Lint..ln.  J.  W. 

Ki'val  Engineer' 

Captain 

V.C 

Ixiftus,  J.  J. 

Attaihcd  Royal  Engineers 

Lieutenant 

KoM,   LieutcnanI 

Royal  Engineers 

Associate 

L>on».  M   M. 

K.N.V.R. 

Sub-Lieut. 

T.  A 

Member 

McDougall.  A. 

Royal  Engineers 

2nd  Lieut. 

Rwk,  Mj|or-r>cn. 

Reserve  of  0«ic«r» 

Memlxr 

Madseii.  J.  P.  V. 

AuKtraluii  Engineers 

Lieutenant 

K.  M.CB 

Meaby,  J.  W.  G. 

Royal  Engineers 

2nd  Lteut. 

Hhcppird,     Cap- 

Army  Ordnance  Dept. 

fiiaduatc 

1        •  8c»  vol   SJ.  pp. 

109.  .»><•.  .«M.  and  ».S7,  vol.  S4. 

pp.   III.  40.1.  5'* 

Urn  ).  H   tl 

.    sod  ^7$,  »nd  vol.  $s.  p.  $7. 
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.  .V(i;hi'. 
Murray,  G. 

Murray,  J.  C. 
Pallott'.  C.  F. 
I'almer,  J. 
Poflett,  E.  H. 
Record,  O.  L. 
Rorke,  A. 
Smith,  J.  H. 
Spence,  J. 
Trickett.  A.  L. 
White,  J. 
Wilson,  G.  S. 
Wilson,  J,  C. 
Wvthes,  F.  V. 


Chalklev,  A.  P. 


Ainold,  A. 

Bailey,  C.  F, 
Bourne,  G. 
Carter,  F. 
Chalmers,  W.  D. 
Cooke,  L.  E. 
Glass,  C.  G. 
Hodges,  K.  S. 
Jackson,  S.  X. 

Maclndoe,  G. 
Newman,  A.  S. 
Smith,  A.  E. 
Strand.  K.  K". 


Ball,  W.  J.  E. 
Ballard,  C.  M. 
Bromley,  J.  T. 
Carlisle,  R.  S. 
Clegg,  P. 

Cowen,  J.  S.  M. 
Gibbard,  H.  E. 
Giller,  W.  L. 
Goodwin,  J.  J. 
Gordon-Campbell, 

W.  F. 
Hall,  W.  X. 
Jepson,  C. 
Levy,  I. 
Marshall,  C.  K. 
Miller,  J.  A. 
Morton,  C.  A. 

Radlcy,  W.  G. 
Riley,  T.  S. 
Ryder,  P.  G. 
Storey,  C.  E. 
Thornton,  C.  V. 
Travers,  A. 
Wilson,  S.  K. 
Young,  S. 


Associate  Members — contimu-il. 


Corf's,  etc. 
Indian   .4rmy   Reserve   of 

Officers 
Royal  Flying  Corps 
Koyal  Na\al  Air  Service 
Canadian  Infantry 
R.X.V.K. 
Royal  Engineers 
Roj'al  Engineers 
New  Zealand  Forces 
Royal  Engineers 
Royal  Engineers 
Australian  Imperial  Force 
Inns  of  Court  O.T.C. 
Royal  Engineers 
Royal  Engineers 

Associate. 
British  Red  Cross 

Graduati  s. 
Royal  Navy 

Royal  Engineers 
Royal  Engineers 
.\rmy  Service  Corps 
Royal  Engineers 
Australian  Engineers 
Machine  Gun  Corps 
Royal  Engineers 
R.N.V.R. 

New  Zealand  Signal  Section 
Royal  Engineers 
Royal  Engineers 
Royal  Engineers 

Studhxts. 
Royal  Navy 
Royal  Engineers 
Royal  Engineers 
Royal  Engineers 
Royal  Naval  Air  Service 

Army  Service  Corps 
Royal  Engineers 
Canadian  Engineers 
Machine  Gun  Corps 
Royal  Engineers 

Royal  Engineers 
Royal  Naval  Air  Service 
Army  Service  Corps 
Royal  Engineers 
Highland  Light  Inl'anti-y 
Royal  Flying  Corps 

Royal  Engineers 
Army  Service  Corps 
.Army  Service  Corps 
Royal  P'leet  .\u.\iliaries 
Royal  Flying  Corps 
Royal  Flying  Corps 
Royal  En.gineers 
Canadian  Engineers 


Rank. 
2nd  Lieut. 

2nd  Lieut. 

Sub-Lieut. 

Lieutenant 

Sub-Lieut. 

Sapper 

Lieutenant 

Captain 

2nd  Lieut. 

Sapper 

Staff-Sergt. 

Private 

Sapper 

2nd  Lieut. 


Engineer 


Eng. 

Sub-Lieut. 
Sapper 
Sapper 
Private 
Sapper 
Lieutenant 
2nd  Lieut. 
Sapper 
Chief  Petty 

.Officer 
Private 
Lance-Corpl. 
Captain 
Staff-Sergt. 
Mechanist 


2ncl  Lieut. 
Lance-Corpl. 
Sapper 
ist-class  .\ir 

ilechanic 
Private 
Lance-Corpl. 
Sapper 
Gunner 
Lance-Corpl, 

Sapper 
Air  Mechanic 
Mechanic 
2nd  Lieut. 
2nd  Lieut. 
2nd-class  .\ir 
Mechanic 
Sapper 
Private 
2nd  Lieut. 
Electrician 
2nd  Lieut. 
2nd  Lieut. 
Sapper 
Sapper 


PROMOTIONS,    TRANSFERS,    Etc.,   OF    MEMBERS 
OX    MILITARY   SERVICE. 

(SIXTH    L1ST.*> 


Xaiiic: 
Beckett,  A.  J. 
Clarke,  J. 
D.ashwood,  E.  S. 
Day,  B.  J. 
Hammond,  R.  W. 
Stanlev.  R. 
Thorne,  G.  S. 


.\mberton,  R. 
Anderson,  A.  .M. 
Binyon,  B. 
Blair,  F. 
Bollam,  C. 
Bond,  H. 
Bra/icr,  C.  C.  H. 

Briggs,  J.  C. 
Caparn,  E.  T. 
Garden,  E.  D. 
Cardew,  J.  H. 
Collins,   D.    S., 

D.S.O. 
Danson,  J.  R. 
Davidson,  .A..    E., 

D.S.O. 
Davidson,  C.  H. 
Dobell,  H. 
Eadie,  J.  C. 
j    Em  molt,  H. 
Fendick.  A.  C. 
Fidoe,  J.  \V. 
Green,  Harry 
Hamilton,  F.  T. 
Hardie.  C.  C.  A. 
Hilder.  \V.  T. 
Hindle,  J.  X. 
Hipwell,  L.  \V. 
Hogarth.  L.  B. 
Holroyd,  H.  C. 
Huddart,  A.  H. 
Hutt,  A. 
Jones,  J.  G. 
Joseph,  H. 
Kapp,  R.  O. 
Keelan,     R.     E., 

M.C. 
Kefford,  H.  \V. 
Kerridge,  D. 
Kirkpatrick,W.  D. 
Langford,  T.  H. 
Leeson,  B.  H. 
McCallum,  A.  H. 

S. 
McDougall,  J.  K. 
McXaughton,    A. 

G.   L. 
.Masters,  F.  H. 
Moberly,  R.  M, 

*  See  vol.  54, 


ME.MBEKS. 

Ct>r/s,  clc.  Kiiiik. 

Royal  Engineers  Captain 

Royal  Engineers  2nd  Lieut. 

Royal  Marines  Lieutenant 

Royal  Engineers  Captain 

Training  Reserve  Captain 

Royal  Engineers  Major 

Royal  Flying  Corps  Captain 

.Associate  Members. 

General  List  Captain 

Royal  Engineers  Lieutenant 

Royal  Xaval  .Air  Service  Flight  Com. 

Royal  Engineers  Lieutenant 

Royal  Engineers  Lieutenant 

Royal  Garrison  .Artillery  Lieutenant 
Indian     .Army     Reserve     of     2ncl  Lieut. 

Otiicers 

Royal  Flying  Corps  Captain 

Royal  Engineers  Lieutenant 

Royal  Engineers  Major 

Royal  P'ield  .Artillery  -Actg.  Capf. 

Royal  Engineers  JLijor 

Cheshire  Regt.  Lieutenant 

Royal  Engineers  Lieut. -Col. 

Roj-al  Field  .Artillery  Sergeant 

R.X.V.R.  Lieut.  Com. 

Royal  Xavy  Eng,  Lieut, 

Royal  Engineers  2nd  Lieut. 

Royal  G.arrison  .Artillery  Lieutenant 

Royal  Engineers  2nd  Lieut. 

Royal  Engineers  2nd  Lieut. 

Royal  Engineers  Lieutenant 

Royal  Engineers  JLijor 

Royal  Engineers  2nd  Corpl. 

Royal  Engineers  Lance-Corpl. 

Royal  West  Surrey  Regt.  Captain 

Royal  Engineers  Captain 

Royal  Engineers  Lieutenant 

.Army  Service  Corps  Major 

General  List  Captain 

Royal  Fusiliers  Lieutenant 

Royal  Engineers  Lieutenant 

London  Regt.  Private 

Royal  Engineers  -Actg.  CapL 

Royal  Garrison  .Artillery  2nd  Lieut. 

Royal  Engineers  2nd  Lieut. 

R.N.V.R.  Lieutenant 

Royal  Engineers  and  Lieut. 

Royal  Engineers  2nd  Lieut, 

Royal  Flying  Corps  Captain 

.Australian  Engineers  Cadet 

Canadian  Field  Artillery  Lieut. -Col. 

Royal  Engineers  Captain 

Royal  Engineers  Lieutenant 
PP-  ,107,  404.  579,  aiul  675,  and  vol.  55,  p.  59. 
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AssocUTK  Memiikks— f.iri/iHiirt/. 

1 

Sn-DBNTS. 

v«V»»« 

t^    .     C.TAsW.. 

K.ifik.            , 

XilllK. 

Corfs,  eU. 

Rank. 

.M...IC.  li  .1..  M.C. 

Kt.yal  l-'lyin>;  Corp» 

Captiiin 

Beniiing.  H.  S. 

Royal  Xaval  .\ir  Service 

Flight  Com. 
Lieutenant 

MulUnl.  S.  K. 

K.X  \.K.  .iltd.  K.X.A.S. 

Lieutenant 

Binnle.  R.  D. 

Royal  Marine  .Xrtillerv 

O  Brill.   II.  E 

.\ssi.  Uirixior  of  l.iglii  Rail- 

Lieut.-Col. 

Hroadwoixl,  L.A.T 

.  Royal  Engineer^ 

Lieutenant 

I'aniiigloii.  G.  A. 

ways 
k.i\.il  Enjjincers     ' 

Sergt.-Maj. 

Biirford.  W.  H,  . 
Cam,  A.  X. 

Royal  Engineers 
Royal  Engineers 

Actg.  Capt. 
ind  Lieut. 

Podmore.  A.M.C. 

Koyal  KIlginl■cr^ 

Captain              : 

Charles,  D.  S. 

Royal  Garrison  Artillerv 

3nd  Lieut. 

'i't.rfHi^-^.- 

.\iiin  Scrviv.^  Corps 

Captain 

Collyer,  G. 

Royal  Engineers 

Lance-Corpl. 
C.idel 

I\«vcll.  C. 

koyal  Engineers 

•Actg.CaH. 

Curtis,  H.  h 

Roval  Engineer^ 
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Very  little  appears  to  have  been  written  in  this  country 
on  the  subject  of  frequency  changers,  and  as  this  type  of 
machine  will  doubtless  receive  more  consideration  in  the 
future  than  has  hitherto  been  the  case — in  view  of  the 
interest  now  being  taken  in  the  question  of  the  linking  up 
of  power  stations — a  consideration  of  the  various  points 
connected  with  the  use  of  frequency  changers  may  be  of 
interest  to  the  members  of  the  Institution. 

It  is  not  proposed  in  this  paper  to  consider  the  problems 
connected  with  the  use  of  frequency  changers  for  the  pur- 
pose of  linking  up  power  stations,  as  this  has  been  done  by 
a  paper  recently  read  before  the  Institution,*  but  to  con- 
sider the  questions  involved  in  the  use  of  frequency  changers 
as  electrical  machines. 

Frequency  changers  may  be  divided  broadly  into  three 
classes  : — 

(i)  Where  the  electrical  energy  is  converted  electro- 
magnetically  from  one  frequency  to  the  other  (by 
transformer  action). 

(2)  Where    part    of    the   energy    is   converted   electro- 

magnetically  and  the  remainder  converted  into 
mechanical  energy,  and  then,  in  some  cases,  back 
again  into  electrical  energy. 

(3)  Where  the   energy   is    converted    into    mechanical 

energy,  and  then  again  into  electrical  energy. 

The  first  of  these  types  has  been  described  in  a  paper 
read  before  the  Institution,!  but,  as  the  only  ratio  of  fre- 
quency conversion  obtainable  is  i  to  3  (or  multiples  of  this 
value)  its  scope  is  limited.  It  is  to  the  second  and  par- 
ticularly the  third  type  that  the  author  proposes  to  limit 
this  paper. 

The  second  type  usually  takes  the  form  of  an  induction 
motor   mechanically   coupled   to   some   form    of    driving 

T  '  ^'  ^r^J'^^  ■  "^'""^  Parallel  Operation  of  Electric  Power  Stations." 
Journal  I.E.E  ,  1917,  vol   55,  p.  61. 

t  A.  M.  Taylor  :  '•  Static  Transformers  for  the  Simultaneous 
Changing  ot  Frequency  and  Pressure  of  Alternatinj;  Currents." 
Journal  I.E.E. ,   1914,  vol.  52,  p.  700. 
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motor.  If  an  electromotive  force  having  a  certain  fre- 
quency is  applied  to  the  stator  terminals  of  a  slip-ring 
induction  motor,  the  rotor  of  which  is  fixed  so  that  it 
cannot  rotate,  the  motor  operates  as  a  transformer,  the  slip- 
ring  voltage  being  determined  by  the  ratio  of  the  number 
of  turns  in  the  stator  and  rotor  windings,  and  its  frequency 
being  the  same  as  that  of  the  stator  supply.  If  the  rotor 
is  allowed  to  rotate,  its  speed  being  held  constant  at  any 
desired  value,  either  by  a  friction  brake  or  by  coupling  it 
to  a  generator,  the  rotor  frequency  is  reduced  and  is  equal 
to 


Stator  frequency  X 


(Synchronous  r.p.m.  — Operating  r.p.m.) 
Synchronous  r.p.m. 


If  the  rotor  is  rotated  by  means  of  a  driving  motor  in  the 
opposite  direction  to  that  in  which  it  normally  tends  to 
rotate,  the  rotor  frequency  is  increased  and  is  equal  to 

Stator  frequency  x  (Synchronous  r.p.m.  +  Operating  r.p.m.) 

Synchronous  r.p.m. 

If  we  assume  a  supply  frequency  of  25  C3'cles,  and  the 
rotor  is  rotated  at  140  per  cent  of  synchronous  speed  in 
the  opposite  direction  to  that  in  which  it  normally  tends 
to  rotate,  the  rotor  frequency  is  25  +  1-4  x  25  ^60  cycles, 
and  of  the  energy  taken  from  the  rotor  25/6oths  is  con- 
verted by  the  transformer  action  and  35/6oths  by  generator 
action,  the  driving  motor  supplying  the  power  for  the  latter 
portion. 

If  the  rotor  were  allowed  to  rotate  at  half  synchronous 
speed  in  its  normal  direction,  and  neglecting  the  losses  in 
the  machine,  of  the  power  supplied  to  the  stator  50  per 
cent  would  be  given  out  of  the  rotor  at  half  the  stator 
frequency,  and  50  per  cent  would  be  given  out  mechani- 
c-iUy  to  the  direct-coupled  machine  which  now  operates  as 
a  generator. 

With  this  arrangement  it  is  therefore  possible,  by  using 
a  variable-speed  driving  motor,  to  obtain  any  frequency 
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from  zero  to  a  value  limited  by  the  maximum  safe  running 
speed  of  the  induction  motor. 

Such  a  machine  appears  at  fir^t  sight  to  be  an  almost 
ideal  frequency  chan}«cr,  but  it  has  the  great  disadvantage 
of  a  vcrv  poor  inherent  voltage  regulation — the  generated 
voltage  falling  rapidly  with  an  increase  in  load,  particularly 
at  low  power  factor  (due  to  the  large  magnetic  leakage 
bctvvec:)  the  stalor  and  rotor  winding-;) — and  in  order  to 
maintain  a  constant  voltage  across  the  secondaiy  terminals 
of  the  machine  some  form  of  regulating  transformer  with 
automatic  regulator  is  necessary. 

The  machine  being  of  the  induction  type  takes  a  lagging 
current  from  the  supply  mains,  but  this  can  be  overcome 
(provided  no  variation  in  the  ratio  of  frequency  transforma- 
tion i  ■  by  making  the  auxiliary  driving  motor  of 
the  •■■  .^  type  and  running  it  over-excited  with  a 
i-  wer  factor  sufficient  to  counteract  the  lagging 
t                I  ii-n  by  the  induction  machine. 

Its  had  inherent  voltage  regulation  has  prevented  this 
type  of  machine  from  being  used  commercially  to  any 
extent,  but  it  is  certainly  a  very  useful  form  of  frequency 
changer  for  experimental  or  testing  purposes  where  high- 
frequency  power  is  occasionally  required  and  the  question 
of  voltage  regulation  is  of  hitle  importance. 

The  third  tyf>c  of  frequency  changer  consists  of  an 
alternating-current  motor  driving  a  synchronous  alternating- 
current  generator.  The  motor  m.ay  be  cither  of  the  induc- 
tion or  of  the  synchronous  type,  the  former  giving  what  we 
will  call  the  induction  frequency  changer,  and  the  latter 
the  synchronous  frequency  changer.  The  generator  may 
be  of  the  induction  type,  but  this  is  very  seldom  adopted 
owing  to  the  well-known  disadvantages  of  generators  of 
this  type. 

As  the  motor  and  generator  arc  not  electrically  connected 
together,  each  machine  can  be  designed  for  any  desired 
voltage  and  number  of  pliascs,  so  effecting  a  change  in 
both  voltage  and  number  of  phases,  in  addition  to  the 
change  in  frequency,  if  this  should  be  required.  It  is  thus 
possible  to  obtain  single-phase  power  at  a  low  frequency 
for  traction  work  from  a  polyphase  high-frequency  supply 
without  unbalancing  the  latter.  Also  by  controlling  the 
generator  voltage  by  means  of  an  automatic  regulator,  its 
pies'ure  can  l>e  maintained  constar.t  independent  of  varia- 
tions in  cither  the  voltage  or  frequency  of  the  supply. 

MaXIMI'M    SI'F.F.M   ok    Ofl.RATIOX. 

The  number  of  poles  on  the  motor  and  the  generator 
must  have  the  s.ame  ratio  as  the  motor  and  generator  fre- 
quencies I'neglecting  the  slip  in  the  case  of  the  induction 
frequency  changer),  and  this  of  course  determines  the 
1  1  for  which  the  set  can  be  designed.     Thus 

■•  ^  from  25  to  50  periods  mav  have  a  i-pole 

J  4polc  generator,  giving  an  operating  speed 
p.m.,  whereas  a  set  converting  from   25  to  (>n 
;  a  maximum  speed  of  300  r.p.m.,  corresponding 

'  ,    Ic  motor  and  a  34-polc  gcner.itor.     If,  however, 

it  it  permissible  to  lower  the  as-period  supply  to  24) 
p«Tiod»,  and  rantc  the  fto-pcriod  supply  to  61 J  periods,  a 
^l  rrd  of  735  r.p.m.  could  be  adopted,  corresponding  to  a 
4  P*  '■  ■       '  ncrator. 

'"  'ion   frequency  changer,  the 

'  to  a  small  extent  with 

■  ,    "t   the  induction  motor, 


and  with  the  number  of  poles  just  mentioned  an  exact 
conversion  ratio  of  25  to  60  periods  would  be  obtained  at 
a  load  corresponding  to  a^motor  slip  of  4  per  cent. 

CHAR.XCTKRISTICS   OK    IXIIl'CTlOX    AXI>   SvXCHROKOUS 
KKKyUKXCV   CHAXGKKS. 

The  question  of  whether  to  adopt  induction  or  syn- 
chronous motors  depends  upon  the  conditions  governing 
each  case.  If  it  is  essenti.il  that  the  ratios  of  the  fre- 
quencies should  be  constant  at  .all  lo.ads.  that  the  power 
factor  of  the  motor  should  be  under  the  control  of  the 
operator,  or  that  the  set  should  be  perfectly  reversible  (by 
perfectly  reversible  is  meant  th.it  the  motor  will  operate 
as  a  generator  without  requiring  synchronous  machines  in 
parallel  with  it),  it  is  neccss,ary  to  adopt  synchronous 
frequency  changers.  Where  these  requirements  do  not 
apply,  the  induction  set  has  advantages,  particularly  from 
the  point  of  view  of  the  operator,  as  the  paralleling  of, 
and  load  distribution  between,  induction  frequency 
changers  are  usu.ally  simpler  than  is  the  case  with  syn- 
chronous sets. 

Where  Iwo  stations  have  to  be  coupled  by  means  of 
frequency  changers,  it  may  be  prcfer.ible  under  certain 
conditions  to  use  induction  sets,  as  they  form  a  connecting 
link  having  the  nature  of  a  slipping  clutch,  whereas 
synchronous  sets  have  the  characteristic  of  a  rigid 
coupling. 

IXDVCTIOX    FRKyfKXCV  Chaxgkrs. 

The  motor  of  an  induction  frequency  changer  may  be  of 
cither  the  squirrel-cage  or  the  slip-ring  type  ;  but  where 
induction  frequency  changers  have  to  operate  in  parallel, 
the  slip-riiyj  type  is  preferable. 

Sliirling. — Starting  is  effected  in  the  manner  ordinarily 
adopted  for  induction  motors  ;  if  of  the  si]uirrel-c.age  type, 
a  low  volt.age  is  switched  on  to  the  stalor  terminals,  and 
when  full  speed  is  reached  the  starting  switch  is  thrown 
over  to  the  full-volLige  position  :  with  this  arrangemcnl 
the  starting  current  in  the  line  will  be  approximately  100 
to  150  percent  of  normal  full-laad  current.  In  the  case  of 
the  slip-ring  motor,  normal  volt.age  is  applied  to  the  stator 
terminals,  and  the  resistance  connected  across  the  rotor 
slip-rings  is  gradually  cut  out  as  the  motor  speeds  up. 
With  this  type  of  motor,  the  starting  current  will  be 
approximately  30  to  50  per  cent  of  iK^rmal  full-load 
current. 

Synchromzinn. — Where  induction  fre«iuency  changers 
have  to  operate  in  parallel,  the  slip-ring  type  of  motor 
is  preferable,  as  it  enables  the  generator  to  be  synchronized 
more  easily. 

Considering  the  case  where  a  frequency  changer  running 
on  no  load  has  to  be  paralleled  with  a  similar  set  carrying 
full  load,  owing  to  the  slip  of  the  induction  motor  varying 
directly  with  the  lo.ad,  the  incoming  set  will  l>c  running  at  a 
higher  speed  than  the  loaded  set,  and  in  order  that  the 
generators  m.ay  be  safely  p.irallclcd  it  becomes  ncccss.iry  to 
increase  the  no-load  slip  of  the  inconung  set  to  a  value 
approximately  the  same  as  that  of  the  loaded  set.  If  the 
fully-lo.idcd  machine  h.as  a  slip  of  3  per  cent,  the  incoming 
machine  will  have  a  slip  of  approximately  0-2  per  cent 
(assuming  the  resistance  of  the  rotor  circuits  to  bo  the 
same  in  each  casc\  and  it  the  general ors  have  a  frcipiency 
of  50,  a  synchroscope  connected  to  the  two  generators  will 
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make  a  complete  revolution  in  071  second,  under  which 
condition  safe  paralleling  is  an  impossibility.  It  is  there- 
fore necessary  to  increase  the  slip  of  the  incoming  machine 
before  the  paralleling  can  be  effected. 

This  increased  slip  may  be  obtained  either  by  artificially 
loading  the  incoming  set,  or  by  increasing  the  resistance  of 
the  rotor  circuits  of  the  motor.  If  the  motor  is  of  the 
squirrel-cage  type,  its  rotor  resistance  is  fixed,  and  it  is 
therefore  necessary  to  adopt  the  first  method  in  order 
to  obtain  the  desired  slip. 

In  the  case  of  the  slip-ring  motor,  the  second  method 
can  be  adopted,  and  is  obviously  more  desirable  than 
having  artificially  to  load  the  machine.  It  should  be  noted, 
however,  that  as  the  motor  is  running  on  practically  no 
load,  the  resistance  required  in  the  rotor  circuit  is  con- 
siderably higher  than  is  usually  supplied  for  starting 
the  set. 

An  alternative  method,  which  is  frequently  adopted  when 
paralleling  induction  frequency  changers,  is  to  allow  the 
incoming  machine  to  run  up  to  full  speed,  and  when  the 
generator  is  giving  its  correct  voltage,  power  is  cut  off  from 
the  motor,  and  the  generators  paralleled  at  the  instant  the 
frequency  of  'the  incoming  generator  falls  to  that  of  the 
loaded  machine. 

Load  distribulion. — When  two  or  more  sets  are  operat- 
ing in  parallel,  the  load  taken  by  each  will  depend  upon 
the  full-load  slip  of  the  different  motors,  and  if  a  distribu- 
tion proportional  to  their  relative  capacities  is  desired,  each 
motor  must  have  the  same  percentage  slip  at  full  load. 

With  slip-ring  motors  this  can  be  obtained  by  means  of 
the  external  resistance  in  the  rotor  circuit,  but  as  this  pre- 
cludes the  use  of  brush-lifting  and  short-circuiting  gear,  it 
is  desirable  that  the  motors  should  be  designed  to  have  the 
correct  slip  with  the  slip-rings  short-circuited. 

With  slip-ring  motors,  the  load  can  be  distributed  as 
desired  between  the  different,  sets,  but  with  squirrel-cage 
motors  this  cannot  be  achieved,  as  each  set  must  carry 
a  definite  proportion  of  the  total  load,  dependent  upon 
its  slip  at  full  load. 

Reversibility. — The  induction  frequency  changer  can 
transmit  power  in  the  reverse  direction,  i.e.  with  the  induc- 
tion machine  running  as  a  generator,  provided  there  are 
synchronous  machines  running  in  parallel  with  it,  having 
a  capacity  large  enough  to  supply  not  only  the  wattless 
current  required  to  magnetize  the  induction  machine,  but 
also  the  wattless  component  of  the  total  load  on  both  the 
induction  and  synchronous  machines. 

When  operating  as  a  generator,  the  induction  machine 
must  run  above  the  svnchronous  speed,  and  as  in  the  case 
when  motoring,  the  slip  varies  with  the  load,  equal  slips 
above  and  below  the  synchronous  speed  corresponding  to 
equal  outputs  as  generator  and  motor  respectively. 

In  order  to  obtain  the  advantages  of  the  induction 
frequency  changer,  and  at  the  same  time  to  obtain  perfect 
reversibility,  two  induction  sets  may  be  used  ;  one  set 
having  a  low-frequency  induction  machine  coupled  to  a 
high-frequency  svnchronous  machine,  and  the  other  a 
high-frequency  induction  machine  coupled  to  a  low- 
frequency  synchronous  machine.  A  pair  of  frequency 
changers  of  this  type  has  been  installed  in  South  Wales 
to  Unk  up  two  stations  generating  at  frequencies  of  40 
and  50  periods.  The  stations  were  of  a  capacity-  sufficiently 
large  to  make  the  adoption  of  synchronous  sets  undesir- 


able, but  it  was  necessary  that  the  frequency  changers 
should  be  able  to  operate  in  the  case  of  either  station 
being  unable  to  supply  power.  One  set  consists  of  a 
lo-pole  synchronous  machine  coupled  to  an  8-pole  in- 
duction machine,  and  the  other  set  of  a  lo-pole  induction 
machine  coupled  to  an  8-pole  synchronous  machine. 
The  combined  output  of  the  two  sets  is  i,ooo  kw.,  the 
k.v.a.  output  being  limited  by  the  k.v.a.  capacity  of  the 
synchronous  machines,  owing  to  the  synchronous  gene- 
rator having  to  supply  the  magnetizing  current  of  the 
induction  generator  in  parallel  with  it,  and  also  the 
wattless  component  of  the  combined  output  of  the  two 
machines. 

The  induction  machines  were  adjusted  by  means  of 
rotor  resistances  to  have  the  same  slip  at  equal  loads, 
and  the  two  sets  then  worked  perfectly  well  in  parallel, 
autoraaticallv  supplying  load  to  either  system  as  occasion 
demanded. 

Syxchroxous  Frequency  Ch.ingers. 

The  study  of  the  operation  of  synchronous  frequency 
changers  is  considerably  more  interesting  than  that  of  the 
induction  type  :  the  starting  and  synchronizing  is  a  more 
complex  proposition,  and  the  distribution  of  load  between 
frequency  changers  operating  in  parallel  may  be  a  matter 
of  some  difficult}'.  In  order  to  investigate  these  difficulties, 
it  will  be  necessary  to  consider  how  the  load  on  a  syn- 
chronous machine  affects  the  phase  displacement  between 
the  terminal  and  the  generated  or  back  electromotive 
force. 

Angular  displaccmcnl. — If  a  synchronous  generator  is 
running  on  no  load,  its  generated  E.M.F.  is  in  phase  with 
the  terminal  E.M.F.,  but  when  loaded  these  two  electro- 
motive forces  may  no  longer  be  in  phase,  due  to  the 
resistance  and  inductive  drop  in  the  windings.  This  dis- 
placement is  shown  vectorially  in  Fig.  I  for  a  lo.ad  having 
a  power  factor  of  100  per  cent : — 

O  A  is  the  terminal  E.M.F.,  and  as  the  load  has  a  power 

factor  of  100  per  cent,  the  current  is  also  in  phase 

with  O  A. 
A  B  is  the  resistance  drop  in  the  windings  (in  phase  with 

the  current). 
BC  is  the  inductive  E.M.F.  (leading  90"  with  respect  to 

the  current). 
O  C   then   gives   the  phase  direction   of   the  generated 

E.M.F.,  leading  with  respect  to  O  A  by  the  angle  a. 

Fig.  2  shows  a  similar  diagram  for  a  load  having  a  power 
factor  of  80  per  cent  lagging. 

Similarty  in  the  case  of  a  loaded  synchronous  motor,  the 
back  E.M.F.  will  lag  with  respect  to  the  terminal  E.M.F. 
by  an  angle  which  we  will  call  /3.  We  see,  therefore,  that 
when  the  frequency  changer  is  loaded,  its  generator  ter- 
minal E.M.F.  will  lag  behind  its  no-load  position  by  an 

angle  of  a  -1-  *c_n_'l£'.!^^_  where  /3,  is  the  no-load  value  of 

fi,  and  fVJi;  and  (vjm  are  the  respective  frequencies  of  the 
generator  and  motor. 

In  Figs.  I  and  2  the  value  of  A  B  is  small  coinpared  with 
O  A,  and  has  therefore  very  httle  influence  on  the  angle  a. 
BC  is  approximately  proportional  to  the  armature  current, 
and  therefore  where  a  is  small  it  is  approximately  propor- 


/^ 
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tional  to  the  output  of  the  niachinc,  if  the  voltage  remains 
constant.  ^ 

\Vc  will  now  consider  the  case  of  a  frequency  changer 
,  .;  from  25  to  50  periods,  and  wc  will  assume  that 

.t1  1  =s  20''  (all  the  followinv;  angles  are  measured 
\  ii  ^  ;~,  .  The  load  on  the  motor 
u  '^Hht  we  will  take  as  10  per  cent  of 

Its  full  load  ;  tiieii  on  iu>  load  a  ^  o'  and  /),  ^  2*5"  (assum- 
ing the  angular  dispUccmciit  to  be  proportional  to  the 
load). 

Due  to  the  ratio  of  the  frequencies  of  the  motor  and 
generator,  the  no-load  displacement  ,i,  of  2'5'  corresponds 
to  a  di>placcmenl  a  of  5'  between  the  actu.-!]  generator 
termin.il  K.M.K.,  and  the  generator  terminal  K.M.F.,  which 
would  be  obtained  if  /3i  =0,  i.e.  if  the  no-load  losses  were 
»cro.  On  full  load  the  motor  displacement  iJ  of  25°  corre- 
sponds to  a  generator  displacement  of  50',  and  therefore 
the  total  angular  displ.iccmcnt  between  the  no-load  and 


full-load  generator  voltage  is  so"  —  5°  -J-  «  =  65".  Thai  is 
to  -.ly  if  one  >el  is  operating  al  full  lo.id  and  a  siiniKir  set 
li;n  '.->  Im-  p:\r;illcled  with  it,  the  terminal  K.M.F.  of  the  iii- 
nc  will  be  d^'  ahead  of  that  of  the  lo.ided 
I  -1  the  generators  should  be  synchronized,  and 

when  lliiN  IS  done  the  sets  will  divide  the  load  equally. 

If  the  50-pcriod  machines  are  synchronized  before  the 
ZS'prriod  machines,  the  latter  will  be  34  out  of  phase 
whe:.  iild  be  synchronized. 

Tl  tig  of  machines  when  out  of  phase  causes  a 

I  iry  rush  of  current  and  severe  mechanical 

r   siaidr   windings  and   other    parts   of   the 

ihc  value  of  these  stresses  increasing  with  the 

which  the  voltages  are  out  of  phase.     If  two 

*  arc  paralleled  wilh  their  voltages  180'  out 

.-  .  ash  of  current  and  mechanical  shock  will  be 

*»   if   each    machine   had   been    short-circuited 

'*  sirabic  to  keep  thcK  strcMct  as  low  as 


possitfle,  and  it  is  therefore  an  advantage  to  synchronize 
the  high-frequency  machines  before  those  of  the  lower 
frequency.  A  still  more  satisfactory  arrangement  is  to 
build  the  frequency  changers  with  either  the  motor  or  the 
j;enerator  stators  rotalable  through  a  small  angle,  either  by 
means  of  a  hand-wheel  (similar  to  the  brusli  rocking  gear 
of  a  continuous-current  generator)  or  by  a  sm.ill  motor 
suitably  geared  to  the  stator.  The  stator  of  the  incoming 
machine  can  then  be  rocked  round  until  the  generator 
volt.igcs  are  in  phase,  and  then  rocked  in  the  opposite 
direction  until  the  set  takes  the  desired  lo-id. 

It  is  interesting  to  note  in  the  case  of  frequency  changers 
converting  from  a  low  to  a  considerably  higher  frequoncv, 
and  when  the  low-frequency  machines  arc  paralleled  first, 
that  the  incoming  generator  may  be  180°  out  of  phase 
with  the  loaded  generator.  With  such  a  condition,  correct 
paralleling  is  of  course  impossible  unless   the   machines 


Current 


have  movable  stators,  or  unless  the  incoming  machine  is 
artificially  loaded  before  paralleling. 

J.oiiil  distribution. —  It  is  well  known  that  when  alter- 
nators arc  operating  in  parallel,  the  load  taken  by  each 
machine  is,  to  all  intents  and  purposes,  not  affected  by  the 
field  excitation.  A  cliange  in  the  field  current  of  one 
m-tchine  causes  a  wattless  current  to  flow  through  the  dif- 
ferent machines,  this  wattless  current  having  such  a  value 
thai  its  magnetizing  or  demagnetizing  action  on  the 
machines  will  almost  neutralize  the  change  nude  in  the 
field  current 

If  two  exactly  similar  frequency  changers  arc  operating 
in  parallel,  the  total  load  will  t>e  divided  equally  between 
them,  and  any  change  in  the  excitation  of  one  generator 
will  only  alter  the  power  factor  at  which  each  generator  is 
operating,  the  kilowatt  output  of  each  machine  remaining 
practically  the  same  as  before.  (It  is  possible  to  ni.tke 
slight  variations  in  the  load  by  field  variation,  due  to  the 
change   in  wattless  curiint  increasing  or  decreasing   the 
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losses  in  the  generator,  but  as  the  variation  is  only  a  few 
per  cent  of  the  normal  output,  it  may  be  left  out  of  con- 
sideration.) 

In  order  to  make  one  generator  tal<e  more  load  than  the 
other,  it  is  necessary  to  make  the  generated  K.M.F.  of  the 
former  lead  with  respect  to  the  E.M.F.  of  the  latter,  and 
this  is  accomplished  by  turning  the  stator  of  the  former 
generator  through  a  small  angle  in  a  direction  against  the 
rotation,  by  means  of  the  rocking  gear  already  referred  to. 

It  may  be  mentioned  that  a  division  of  the  load  propor- 
tional to  the  normal  output  of  the  different  sets  is  usually 
desirable,  as  it  generally  gives  the  highest  overall  efficiency. 

Design  of  iiiachiiws  required  lo  operate  in  parallel. — When 
designing  frequency  changers  which  have  to  operate  in 
parallel,  care  should  be  taken  that  all  the  sets  have  as 
nearly  as  possible  the  same  phase  displacement  between 
the  motor  and  generator  terminal  electromotive  forces  at 
full  load,  otherwise  the  load  distribution  between  the  dif- 
ferent sets  will  varj'  with  different  total  loads. 

We  will  consider  the  case  of  two  sets  of  equal  capacity, 
one  having  a  total  full-load  angular  displacement  of  40° 
(expressed  in  terms  of  the  generator  displacement)  and 
the  other  of  60°,  the  sets  being  adjusted  so  that  their 
generator  voltages  are  exactly  in  phase  when  both 
machines  are  running  on  no  load.  If  the  sets  are  operated 
at  a  total  load  equal  to  their  combined  full-load  outputs, 
they  will  divide  the  load  so  that  the  former  set  carries 
approximately  3/5ths  of  the  total  load  (i.e.  it  operates  at 
20  per  cent  overload)  whilst  the  latter  set  will  carry 
approximately  2/5ths  of  the  total  load  (i.e  it  operates  at 
80  per  cent  of  its  rated  capacity). 

In  order  to  make  each  set  operate  at  full  load,  it  will  be 
necessary  to  move  the  stator  of  the  overloaded  generator 
approximately  20  electrical  degrees  forward  in  the  direc- 
tion of  rotation,  or  the  stator  of  the  other  generator  back- 
ward a  similar  amount. 

With  this  new  adjustment,  if  the  total  load  be  reduced 
to  zero,  the  htter  set  will  reverse,  the  motor  operating  as 
a  generator,  and  the  generator  as  a  motor,  power  being 
circulated  round  the  two  frequency  changers. 

In  addition  to  the  correct  electrical  design,  it  is  also 
necessary  that  frequency  changers  which  have  to  operate 
in  parallel  should  be  so  built  that  when  the  motor  voltages 
are  in  phase  the  generator  voltages  are  also  in  phase.  This, 
of  course,  is  easily  achieved  if  either  the  motor  or  the 
generator  stator  be  made  rotatable.  If  fixed  stators  are 
adopted  the  sets  can  be  made  exact  mechanical  duplicates, 
but  to  do  tliis  involves  considerable  difficulties  (due  to  the 
necessary  accurate  location  and  machining  of  keyways, 
stator  slots,  coupling  bolt  holes,  etc.).  It  is  therefore  advis- 
able to  make  the  sets  approximately  similar  and  to  provide 
some  means  for  final  adjustment,  e.g.  the  couplings  maybe 
temporarily  fitted  with  small  bolts,  and  after  the  machines 
have  been  tested  for  phase  position  and  any  correction 
made,  the  couplings  can  be  re-drilled  and  the  correct  bolts 
fitted. 

In  order  to  ascertain  if  the  generator  voltages  of  two 
frequency  changers  are  in  phase  when  the  motor  voltages 
are  in  phase,  a  simple  method  is  to  run  the  motors  in 
parallel,  and  connect  terminal  A  of  one  generator  to  the 
corresponding  terminal  A,  of  the  other  generator.  Both 
generators  are  then  excited  to  give  exactly  equal  vol- 
tages, and  the  voltage  measured  between  terminals  B  and 


B„  or  C  and  C„  will  indicate  the  amount  by  which  the 
generators  are  out  of  phase.  These  voltages  can  be  plotted 
graphically  to  obtain  the  angle  through  which  one  gener- 
ator stator  should  be  rotated  to  bring  the  voltage  exactly 
into  phase. 

An  alternative  method  is  to  run  the  two  sets  with  both 
the  motors  and  generators  in  parallel,  an  ammeter  being 
connected  in  one  phase  of  the  generators.  Both  generators 
are  then  excited  with  approximately  normal  field  current, 
the  excitation  of  one  being  then  adjusted  so  that  the  alter- 
nating current  flowing  between  the  two  generators  is  a 
minimum.  If  the  generated  voltages  are  exactly  in  phase, 
this  minimum  will  be  zero. 

Starling.  —  The  starting  of  synchronous  frequency 
changers  can  be  effected  either  by  means  of  a  mechani- 
cally-coupled starting  motor  or  by  making  the  synchronous 
motor  (or  if  desired  the  generator)  self-starting  and  self- 
synchronizing. 

Starling  by  separate  starling  motor.— \i  a  separate  starting 
motor  is  adopted  it  is  usually  of  the  induction  type,  and 
may  have  either  a  squirrel-cage  or  a  slip-ring  rotor,  the 
latter  being  desirable  for  large  units  owing  te  the  smaller 
momentary  starting  current  required.  The  starting  motor 
is  usually  built  with  one  pair  of  poles  less  than  the  syn- 
chronous motor,  and  the  rotor  resistance  is  adjusted  so  that 
the  set  runs  slightly  above  synchronous  speed  when  the 
synchronous  motor  is  excited  to  give  normal  voltage  ; 
the  speed  is  finally  adjusted  to  the  correct  value  by 
exciting  the  generator. 

Self-slarling  synelironous  motor. — If  the  sep.'.rate  starting 
motor  be  dispensed  with,  and  the  synchronous  motor  be 
made  self-starting,  ■■  the  starting  current  will  be  increased, 
but  as  the  machine  is  self-synchronizing  this  operation 
is  considerably  simplified.  During  the  st<jrting  period 
the  synchronous  motor  operates  as  an  induction  motor,  the 
field  system  being  usually  fitted  with  a  number  of  copper 
or  brass  bars  embedded  in  the  pole  faces,  the  bars  being 
short-circuited  at  each  end  by  metal  rings  so  forming  a 
complete  squirrel  cage.  If  solid  steel  poles  are  used,  this 
squirrel  cage  may  be  dispensed  with,  the  currents  induced 
in  the  pole  faces  giving  sufficient  torque  to  run  the  machine 
up  to  speed. 

Starting  is  effected  by  means  of  an  auto-'.ransformer,  a 
voltage  of  30  to  50  per  cent  of  the  normal  being  usually 
sufficient  to  give  satisfactory  starting ;  the  initial  line 
current  at  starting  being  about  75  to  150  per  cent  of 
full-load  current.  The  slip-rings  of  the  motor  should  be 
short-circuited  through  a  resistance  during  the  starting 
period,  in  order  to  prevent  a  high  voltage  being  induced 
in  the  field  coils.  When  full  speed  is  reached,  the  field  is 
excited  and  the  machine  pulls  into  step,  the  starting  switch 
being  then  thrown  over  to  the  full-voltage  position. 

Synihronizing. — When  the  motors  of  two  identical 
synchronous  frequency  changers  are  running  in  parallel, 
the  generator  voltages  will  not  necessarily  be  in  synchronism, 
even  assuming  both  sets  to  be  running  light. 

We  will  consider  the  case  of  two  identical  frequency 
changers  A  and  B  converting  from  50  to  25  periods,  the 
motors  having  8  poles  and  the  generators  4  poles.  A  is 
running  on  no  load,  and  it  is  required  to  connect  B  in 
parallel  with  A  on  both  the  50-period  and  25- period  ends. 

•  E.  ROSENBERG:  "  Self-syiicliroiii/.iiij;  MachiiKS."  Journal  I.E.E., 
1913,  vol.  51,  p.  62 
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Fig.  3  shows  diagrammalically  the  positions  of  the  poles 
oo  the  motor  and  generator,  the  radial  lines  inside  the 
circle  rcpre>enting  the  centres  of  the  motor  poles  and 
the  radial  lines  outside  the  circle  representing  the  centres 
of  the  generator  p(>Ie3. 

When  the  two  motors  arc  in  synchronism,  the  X  pole  i 
of  motor  H  cin  occupy  four  positions  with  respect  to  the 
N  pole  I  of  motor  A,  viz.  positions  i,  3,  5.  and  7,  but  in 
only  two  of  these  positions,  i  and  5,  will  a  \  pole  of 
generator  B  occupy  the  same  relative  position  as  a  N  pole 
of  generator  A.  That  is  to  s.-iy,  with  the  motor  pole  i 
in  positions  i  and  5,  the  generator  voltages  will  be  in 
phase,  but  with  positions  3  and  7  the  generator  voltages 
will  be  180°  out  of  phase.  It  is  therefore  seen  that  with 
the  ratio  of  frequency  conversion  under  consideration 
(j  :  i)the  proKtbility  of  obtaining  synchronism  between  the 
generators  when  the  motors  arc  in  phase  is  i  to  2. 

If  it  is  found  that  the  generator  voltages  arc  iKo  out  of 
phase  when  the  motors  are  in  synchronism,  this  can  be 
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Fig.  3. 

corrected  by  reversing  the  excitation  of  one  generator. 
If  the  rxcitation  of  one  motor  be  reversed,  it  will  l>c 
I  to  synchronize  the  generators,  as  their  voltages 

V.  ,     cir  270'  out  of  phase. 

If  the  25-pcriod  machines  arc  synchronized  first,  it  will 
be  seen  that  the  5opcriod  machine  voltages  must  be  in 
phaM:  every  time. 

If  we  consider  the  case  of  some  other  ratio  of  frequency 
Iran Worm.it ion.  say  25  to  60  periods,  the  probability  of 
•■'  iichronism  of  both  motors  and  gencr- 

'  icdticcd.     With  tliis case  the  mininuim 

!  the  motor  and  generator  arc  10  and 
v«  the  rcUlive  |>oMlion  of  the  centre 
I  '  pole*  o(  the  two  macliincs.     When  the  motors 

•"  ,     .>e,  pole  I  of  motor  H  can  occupy  positions  1,3, 

S.  7,  or  (>  with  rcipcct  to  pole  1  of  motor  A,  but  only  in 
I''"  ca»c  of  po«ilion  I  will  the  generator  voltages  be  in 
i  ■•■'-.  Wc  thu«  obtain  one  chance  in  5  of  obtaining 
corr'    •  :,   of   Ihr   »■ 

"  lacliiiici  t  (I  TirM,  the  chance 


of  obtaining  correct  synchronism  is  1  in  12,  which  may  l>e 
increased  to  i  in  6  if  the  25-period  ni.ichines  arc  fitted 
with  a  field-reversing  switch. 

It  will  be  found  that  the  chance  of  obL-iining  correct 
synchronism  is  always  greater  if  the  low-ficquerrcv 
machines  are  synchronized  before  the  high-frequency 
machines,  but,  .is  already  pointed  out.  when  a  set  has  to 
be  paralleled  with  one  already  on  lo.-id  it  is  an  advantage 
to  synchronize  the  high-frequency  machines  first,  in  order 
to  reduce  the  angle  by  which  the  lo.ided  and  unloaded 
machines  are  out  of  phase,  so  reducing  the  rusli  of  current 
at  the  moment  of  switching  in. 

UcthoJi  of  ohiiiining  lOircxI  sytuliroiiism. — In  order  to 
obtain  correct  synchronism  of  both  motors  and  generators, 
one  of  two  methods  may  be  adopted  : — 

(1)  Where  the  motors  and  generators  are  synchronized 

simultaneously. 

(2)  Where  the  motors  and  generators  are  synchronized 

separately. 
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(i)  This  method  is  usiuiUy  only  possible  when  a  separate 
sLvting  motor  is  used,  because  a  self-starting  synchronous 
motor  will  usually  pull  into  step  without  field  excitation, 
and  therefore  there  is  no  control  over  the  instant  at  which 
it  will  pull  into  synchronism. 

The  most  satisLictory  arrangement  is  to  have  a  synchro- 
scope fitted  with  two  pointers,  one  controlled  by  the  high- 
frequency  and  the  other  by  the  low-frequency  machine. 
As  the  machines  approach  synchronism,  the  two  pomlers 
wHll  rotate  at  different  speeds  proportional  to  the  respective 
slips  of  the  incoiniii}^  machines  controlling  them,  and  the 
motors  should  be  par.iUcled  when  the  two  pointers 
simultaneously  indicate  synchronism. 

(2)  The  motor  is  first  paralleled  and  the  synchioscope 
connected  to  the  generator  :  the  pointer  of  the  synchro- 
scope will  of  course  remain  stationary  at  a  position  on  the 
dial  indicating  the  phase  difference  between  the  busbar 
and  the  generator  vollagen.  The  motor  excitation  is  then 
rc\  Tig  the  motor  to  "  slip  a  pole,"  when  the 

i\:,  ,  inter  iinmedi.itely  t.ikes  up  a  new  position. 
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This  operation  of  reversing  the  motor  field  current  is 
repeated  until  the  synchroscope  indicates  synchronism, 
'.vhen  the  generator  can  be  switched  on  to  the  busbars. 
If  the  motor  is  of  the  self -starting  type,  it  is  advisable  to 
perform  this  operation  of  pole-slipping  when  the  motor  is 
running  at  the  reduced  starting  voltage,  as  this  causes  a 
smaller  kick  in  the  line  current  and  less  shock  to  the 
motor. 

Synchronizing  loaded  ic////  unloaded  machines. — It  is 
important  to  note  that  when  synchronizing  the  generators 
in  the  way  just  described,  the  position  taken  up  by  the 
synchroscope  pointer  will  varj'  with  the  output  of  the 
loaded  machine,  due  to  the  angular  displacement  (due  to 
the  load)  between  the  motor  and  generator  busbar  voltages 
as  previously  explained.  This  can  be  taken  care  of  by 
fitting  the  synchroscope  with  a  zero  mark,  which  can  be 
moved  over  a  scale  graduated  in  kilowatts  output  of  the 
running  machine.  Before  synchronizing  the  incoming 
machine,  the  zero  mark  is  moved  to  the  mark  on  the  scale 
corresponding  to  the  output  of  the  loaded  machine,  and 
when  the  pointer  is  opposite  the  zero  mark  the  incoming 
machine  is  in  the  correct  phase  for  paralleling. 

Effect  of  inlenoiniecling  the  terminal  leads. — We  have 
already  considered  the  different  amounts  by  which  the 
generator  voltages  can  be  out  of  phase,  depending  upon 
the  number  of  poles  on  the  motors  and  generators,  but 
these  considerations  have  been  made  on  the  assumption 
that  the  connections  between  the  motor  and  generator 
stator  terminals  and  the  busbars  have  remained  unchanged. 
With  polj'phase  machines  there  is,  however,  the  possi- 
bility of  obtaining  a  greater  number  of  out-of-phase 
positions  than  those  already  considered,  by  changing  the 
connections  between  the  stator  terminals  and  the  busbars. 
This  additional  complication  need  not  be  considered  when 
the  set  is  installed  and  permanently  connected  up,  but 
it  will  be  seen  that  in  the  case  of  a  frequency  changer, 
where  neither  machine  has  a  rotatable  stator,  if  it  is  impos- 
sible to  synchronize  the  generator  correctly,  due  to  faulty 
machining,  etc.,  the  amount  by  which  the  voltages  are  out 
of  phase  may  be  reduced  by  changing  the  connections 
between  the  stator  terminals  and  the  busbars. 

Considering  the  case  of  a  lo-pole  three-phase  motor 
driving  a  24-pole  three-phase  generator,  and  assuming  the 
motor  to  be  SN'nchronized  before  the  generator,  we  obtain 
the  following  angles  by  which  the  generator  and  busbar 
voltages  can  be  out  of  phase,  assuming  no  load  on  the 
busbars  : — 

Phase  Angle  between'  the  Gexerator  and  Blsbar 
Voltages. 


Generator  Excitation 

Motor 
Excitation 

Xorm.il 

Reversed 

I 

Normal 

0° 

180° 

2 

Reversed 

y 

X  i8o°~"^^"° 

10 

=   72° 

252° 

3 

Normal 

144° 

324" 

4 

Reversed 

2l6» 

36° 

5 

Normal 

288" 

loSo 

6 

Reversed 

360-  ^  0" 

180° 

These  figures  are  based  on  the  assumption  that  terminals 
A,  B,  C  on  both  motor  and  generator  are  respectively 
connected  to  busbars  .\,  B,  C. 

If  we  connect  the  generator  terminals  B,  C,  A  to  busbars 
A,  B,  C  respectively,  tlie  figures  given  in  columns  3  and  4 
will  be  increased  (or  decreased  according  to  the  phase 
rotation)  by  120°.  If  we  connect  terminals  C,  A,  B  of  the 
generator  to  busbars  A,  B,  C  respectively,  the  figures  in 
columns  3  and  4  will  be  increased  (or  decreased)  bj'  240°. 
We  thus  obtain  the  following  possible  amounts  by 
which  the  generator  and  busbar  voltages  may  be  out  of 
phase  : — 

Phase  Axgle  between'  the  Generator  and  Busbar 
Voltages. 


Generator  Excitation 

Normal 

Reversed 

Posi- 
tion 

Motor 
Excitation 

Busbar  Terminals  A.  B,  C  connected  to  Generator 
Terminals 

A,  B.  C 

B,  C,  A 

C,  A,  B 

A,  B,C 

B.C.  A 

C.A.  B 

I 

Normal 

0° 

120° 

240° 

i8o» 

300° 

60° 

2 

Reversed 

720 

192' 

312° 

252° 

12" 

132" 

3 

Normal 

144° 

264'' 

24° 

324° 

84° 

204° 

4 

Reversed 

216" 

33&' 

96» 

36° 

156° 

276° 

5 

Normal 

288° 

48° 

168° 

108° 

228° 

348° 

By  this  means  we  obtain  30  possible  positions  12'  apart, 
and  therefore,  with  the  maximum  possible  error  in  machin- 
ing or  winding,  it  is  possible  to  obtain  an  out-of-phase 
angle  between  the  generator  and  busbar  voltages  which 
will  not  be  greater  than  J  (12°)  =:  6°. 


Comparison   between  Induction  and  Synchronous 

Sets. 

There  is  very  little  to  be  said  in  the  way  of  comparison 
between  the  two  types  of  machines,  from  the  point  of 
view  of  cost,  efficiency,  overload  capacity,  reliability,  main- 
tenance, and  floor  space,  as  in  these  respects  they  are 
practicalh'  on  an  equality  (assuming  the  same  synchronous 
speed  with  each  type).  The  type  to  be  adopted  must 
therefore  be  determined  by  the  other  characteristics  of  the 
machines,  which  may  be  tabulated  as  given  in  the  table  on 
page  204. 

It  may  appear  from  the  foregoing  pages  that  the  diffi- 
culty and  troubles  to  be  experienced  in  connection  with 
the  operation  of  synclironous  frequency'  changers  are 
sufficiently  great  to  make  it  advisable  to  avoid  this  type  of 
machine  if  at  all  possible.  The  above  comparisons  and  a 
close  consideration  of  the  subject,  however,  will  show  that 
these  difficulties  are  not  as  real  in  practice  as  one  would 
at  first  expect.  If  either  the  motors  or  the  generators  are 
fitted  with  rotatable  stators,  the  synchronizing  and  load 
distribution  are  as  simple,  or  even  simpler,  than  with  indue- 
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tion  frequency  chan;;cr$.  If  the  machines  have  non- 
rotatable  stators,  the  difficulty  of  synchronizing  depend^  to 
a  great  extent  on  the  ratio  of  frequency  conversion.  In 
!'  •  y,  the  most  usual  frequencies  are  25,  ^o,  and  51) 

^  ;  with  these  frctjucncics  the  chances  of  obtainin;.< 


50  to  25  cycles  1  in  i 
40  „  50  .,  I  ..  2 
50  ..  40  I   ..  5 

In   any   case,   tlie   operation    of    "••lipping    poles"   by 


Power  factor  of  motor 


Reversibility 


Ratio  of   frequency    transfor- 
mation 


InductUiQ  T^'pr 


SynchrODUut  Tjpc 


Cannot  be  controlled  and  always  lagging  Motor  can  be  designed  to  operate  at  any 
(unless  some  form  of  phase  advancer  power  factor  laj^ing  or  leading,  and  is 
is  used)  always  under  the  control  of  the  operator 


I  Reversible      only      when      synchronous     Pcrfcctiv  reversible 
machines  arc   ruiming  in   parallel  with 
the  induction  machines 


Varies  slightly  with  the  load 


Constant  at  all  loads 


Starting  current 


Synchronizing  of  motor 


Synchronizing  of  generator  ... 


Distnbution  of  load  between 
machines 


Stjuirrel-cage  motor  approx.  100  to  150  "„  Self-starting  motor  approx.  75  to  150%  of 
of  full-load  line  current.  Slip-ring  motor  full-load  line  current.  Separate  induc- 
approx.  3oto50%  of  full-load  line  current  tion  starting  motor,  approx.  ,o  to  ?o  % 

of  full-load  line  current 


Docs  not  run  in  synchronism 


I  Xot   necessary  if  self-synchronizing  type 
I       of  motor  is  used 

Necessary  if   separate    starting    motor    is 
I      used 
j 
Objectionable   with    squirrcl-cagc    motor.  1  Simple  if  stator-rocking  gear  is  provided 
Not  difficult  with  slip-ring  motor  !  Simple,   but  may   take  longer  if   rocking 

i       gear  is  not  provided 


Impossible  with  squirrel-cage  motors 
Simple  with  slip-ring  motors 


Impossible  with  fixed  stator 

Simple  if  stator-rocking  gear  is  provided 


correct    synchronism   (taking   advantage  of  the  effect    ot 
reversing  the  generator  excitation)  are  as  follows  : — 

25  to  40  cycles  1  in  5 
35  ..  SO      ..        '   ••   ' 


reversing  the  motor  excitation  is  easily  carried  out,  and 
will  quickly  bring  the  generators  into  the  correct  phase 
relation  for  paralleling. 

Taking  all  the  points  into  consideration,  the  advantages 
of  the  synchronous  frequency  changer  are  sufficient  to 
justify  its  adoption  in  the  majority  of  cases. 


AI'l'KNDIX. 

[Rcidvcd  5  Miucli,  ii»i7.1 

Tahi-k  Showing  thk  Maximi;m  Oi-khating  Speeds  kok  Svxohronois  KREyiENcv  Chaxgeks  having 
Various  Ratios  of  Freqiescv  Transform.\tion'. 


M.*ximiini  T  p  (n 


».S 
as 
a.S 
.v> 
.10 

"0 
4*' 
40 
SO 


' 

Mtfiinium  NiimlM 

Ujchinc  B 

A 

30 

10     • 

40 

10 

.SO 

2 

<>o 

10 

ArS 

4 

40 

(■ 

SO 

It 

(k) 

2 

S" 

K 

60 

4 

fto 

10 

12 
lf> 

4 
-'4 

10 

s 

10 

4 
10 

(t 
II 


.^00 
.;oo 

i.Soo 
300 
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(mo 
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Discussion  before  The  Institution,  8  February,  1917. 


Mr.  G.  W.  Partridge  :  Now  that  the  question  of  linking 
up  is  so  much  before  us,  tlie  subject  of  frequency  changers 
is  of  very  great  importance.  I  am  sorry  that  the  author  has 
not  referred  to  phase  changers  in  the  paper,  as  the  question 
is  of  great  interest.  I  should  like  to  ask  him  whether  the 
distribution  of  load  between  frequency  changers  could  not 
be  effected  by  using  automatic  regulating  transformers 
instead  of  by  rotating  the  stator,  as  it  appears  to  me  that  it 
is  a  question  of  altering  the  inductive  drop  on  the  particular 
set  in  question.  I  should  also  like  him  to  refer  to  the  state- 
ment on  page  199  in  regard  to  the  alternative  method  of 
paralleling  by  means  of  switching  over  the  motor  ;  this,  in 
mj'  opinion,  will  cause  a  rush  of  current  when  the  motor  is 
reconnected  again  to  the  circuit,  in  all  probability  damag- 
ing the  end  coils  of  the  stator  windings.  My  company  has 
several  large  induction  motor-generators  in  use,  and  when 
we  first  switched  the  current  on  to  the  stator  of  the  induc- 
tion motor  we  had  a  rush  of  current  which  damaged  the 
coils.  All  these  motor-generators  are  now  switched  in 
througli  a  water  resistance.  To  rotate  the  stators  of  fre- 
quency changers  might  be  satisfactory  in  small  sets,  but  I 
scarcely  think  it  would  be  practicable  with  very  large  sets. 
Can  the  author  say  whether  a  method  of  moving  the  stator 
so  as  automatically  to  keep  the  load  constant,  even  if  the 
periodicity  of  the  two  supplies  varies,  has  been  devised  ?  I 
should  also  like  to  ask  him  whether  he  has  considered  the 
possibility  of  using  a  flexible  magnetic  coupling  between 
the  sets.  With  regard  to  synchronizing  and  switching  in 
these  sets,  it  occurs  to  me  that  it  might  be  possible  to  do 
that  by  means  of  a  water  resistance  and  an  oil  switch  ;  that 
is  to  sa}',  to  switch  on  the  set  through  the  resistance  in  the 
first  instance,  then  gradually  bring  it  into  phase  and  short- 
circuit  the  resistance  by  means  of  the  oil  switch.  Such  an 
apparatus  might  also  be  used  for  disconnecting  the  set  in 
the  event  of  any-  disturbance  on  the  two  supplies.  On 
reading  the  paper  I  found  it  very  difficult  to  make  up  my 
mind  whether  the  author  advocates  the  synchronous  or  the 
induction  t\'pe  of  frequency  changer.  The  reference  on 
page  199  to  two  stations  in  South  Wales  seems  to  give  the 
impression  that  if  the  generating  stations  are  of  large 
capacity  synchronous  sets  are  undesirable.  Does  he  mean 
that  the  capacity  of  the  stations  is  large  compared  with  the 
frequency  changers,  or  that  the  capacity  of  one  station  is 
large  compared  with  the  other  ?  Taking  everything  into 
consideration,  particularly  the  size  of  the  frequency 
changers,  which  I  think  will  increase  to  a  very  large 
extent,  and  also  the  capacity  of  the  different  systems  to 
which  they  are  connected,  I  consider  that  the  induction 
frequenc}-  changer  would  be  preferable.  I  think  there 
would  be  less  danger  of  it  falling  out  of  step  if  any  dis- 
turbance on  the  system  took  place.  It  would  be  simpler 
to  work,  simpler  to  design,  and  stronger  from  a  mechanical 
and  electrical  point  of  view.  For  the  last  six  years  I  have 
had  experience  of  a  1,500  kw.  set,  and  it  may  be  of  interest 
if  I  mention  some  further  particulars  of  it.  The  speed  is 
365  r.p.m.  It  consists  of  a  three-phase  induction  motor 
with  a  wound  rotor  having  8  poles,  which  is  connected  to 
a  single-phase  synchronous  machine  having  28  poles.  We 
had  the  synchronous  machine  provided  with  damper  wind- 


ings, because  wc  wanted  it  to  run  as  a  motor  if  necessary.  Mr. 
The  slip  of  the  motor  on  full  load  is  from  2J  to  3  per  cent,  P^rtridije. 
and  the  overall  efficiency  of  the  set  is  86J  per  cent.  The 
set  was  made  by  the  British  Westinghouse  Company,  and 
every  guarantee  which  they  gave  has  been  fulfilled.  Either 
side  of  the  set  is  used  to  generate  current.  It  is  syn- 
chronized by  running  up  on  the  induction  motor  in  the 
first  instance,  and  then  the  speed  of  one  or  other  of  the 
prime  movers  is  varied  before  synchronizing.  It  normall)- 
runs  with  the  three-phase  motor  driving  the  single-phase 
generator.  This  single-phase  generator  is  provided  with  a 
Tirrill  regulator,  and  one  set  keeps  the  whole  of  the  pres- 
sure on  the  lighting  system  constant,  no  matter  how  many 
generators  are  synchronized  with  it.  The  switchman,  as 
soon  as  he  synchronizes  the  steam  sets  and  puts  them  on  the 
busbars,  has  nothing  further  to  do  in  altering  the  regulating 
resistances,  as  the  whole  of  the  pressure  of  the  lighting 
system  is  kept  constant  by  this  one  motor-generator.  This 
set  has  been  running  for  about  six  )-ears,  and  up  to  the 
present  it  has  never  given  any  trouble. 

Mr.  J.  S.  High  FIELD  :  Mr.  Partridge  has  said  that  at  the  Mr. 
present  time  there  are  very  few  engineers  in  electric  H'Si^fieW. 
power  stations  who  are  not  considering  the  question  of 
linking  up.  Unfortunately  we  always  meet  with  the  great 
difficulty  of  differences  in  frequency.  It  is  ^  surprising 
thing  that  it  was  not  until  comparatively  recent  times  that 
the  importance  of  standardizing  frequency  was  recognized. 
It  was  appreciated  at  the  beginning  of  the  industry  that 
pressure  should  be  standardized.  Dealing  with  the  facts 
as  they  are,  I  find  in  one  small  area  frequencies  of  60,  90, 
40,  50,  and  75.  To  enable  linking  up  to  be  done  in  these 
circumstances,  frequency  changers  would  certainly  be 
necessary  in  the  early  stages,  but  I  consider  that  as  soon 
as  possible,  rather  than  spend  money  on  these  machines, 
the  frequency  should  be  standardized.  The  problem  of 
the  frequency  changer  is  not  quite  as  simple  as  it  looks. 
As  a  rule  it  is  desirable  to  link  up  two  or  three  systems 
which  are  more  or  less  of  equal  size,  so  that  the  link  will 
enable  any  station  to  supply  the  others.  In  that  way  the 
supply  is  a  reciprocal  one.  One  of  the  chief  advantages 
of  linking  up  several  stations  is  that  the  load  can  easily  be 
a  greater  proportion  of  the  plant  installed  ;  that  is  to  say, 
the  total  amount  of  spare  plant  can.be  reduced,  because, 
when  linked  up,  it  is  not  very  difficult  to  shut  down  a 
station  for  a  few  da3's  in  order  to  carrj'  out  overhauls  in  a 
very  thorough  way.  To  link  up  two  or  more  systems  so 
that  the  supply  can  be  mutually  interchangeable  involves 
the  use  of  synchronous  frequency  changers.  I  think  it 
would  be  very  interesting  if  the  author  could  give  a  few 
examples  of  jobs  where  linking  up  has  taken  place.  I 
have  no  experience  of  the  conditions,  but  I  cannot  think 
that  very  satisfactory  operation  would  be  found  between 
two  stations  situated  some  distance  apart  and  connected 
together  through  the  shaft  of  a  frequency  changer  where 
reciprocating  engines  were  used  at  one  or  both  of  the 
stations,  although  it  might  be  quite  workable  with  turbines. 
In  many  of  the  stations  in  this  country,  however,  numbers 
of  reciprocating  engines  arc  still  in  use.  No  doubt  the 
method   of   rocking  the  stator  very  much   simplifies  the 
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Ir  I  ,  I  pultinR  such  sets  in  parallel.     In  the  future  I 

*^"^       i,  ■  iht  that  frequency  changers  will  be  used  on  a 

considerable  scale  to  link  up  between  50-cycle  and  jj-cycle 
systems,  but  as  I  said  before,  I  think  the  final  and  proper 
solution  is  to  reduce  the  number  of  odd  frequencies.  I 
think  that  when  additional  plant  is  required  for  stations 
not  of  standard  frequency,  the  most  careful  consideration 
should  Ix-  jjiven  to  the  problem,  even  if  the  immediate 
cxfKrndilure  is  considerably  more  to  buy  new  plant  of 
standard  frequency  ;  I  am  sure  that  very  often  the  money 
would  be  well  spent. 
"^f"^  Professor    D.    Robektsox  Uonitiiuiiiialcil)  :  Ik-sidcs  the 

synchronous  and  asynchronous  frequency  chancers  de- 
scribed in  the  paper,  there  is  another  possibility  which 
docs  not  seem  to  have  been  previously  put  forward  but 
which  appears  to  pos^>ess  all  the  advant.igcs  of  the  con- 
tinuous-current method  without  the  great  dis.idvant.iKe  of 
the  great  cost  and  Urge  losses  of  that  method.  If  current 
from  an  external  source  be  fed  into  the  rotor  of  an  induc- 
tion machine  it  acquires  all  the  properties  of  a  synchronous 
machine,  for  the  rotor  tends  to  keep  its  flux  axis  in  line 
with  that  of  the  slator.  When  the  injected  current  is 
continuous,  the  machine  operates  exactly  as  an  ordinary 
alternator.  When  poIyph.i.sc  alternating  current  is  used, 
the  rotor  flux  rotates  relatively  to  the  rotor  at  a  speed 
determined  by  the  injected  exciter  frequency,  and  the 
synchronous  speed  will  be  greater  or  less  llian  its  former 
value  by  that  amount.  We  tlius  get  a  synchronous  machine 
the  speed  of  wliich  is  not  deterniincd  by  the  number  of 
poles,  but  can  be  controlled  by  adjusting  the  exciter  fre- 
quency, which  is  very  easily  done  if  the  exciter  is  driven 
by  a  continuous-current  motor.  Such  a  machine  may  be 
termed  a  semi-synchronous  machine.  It  could  be  started 
up  just  like  any  slip-ring  induction  motor.  When  it  is 
transmitting  power,  the  exciter  must  contribute  to,  or 
take  from,  the  main  power  an  amount  depending  on  the 
load  and  the  ditTercncc  between  its  speed  and  the  natural 
synchronous  speed.  Two  such  machines,  running  at  the 
same  speed  and  coupled  together  mechanically,  can  act  as 
a  link  between  two  systems  whether  their  frequencies  are 
the  same  or  not.  Used  as  a  frequency  changer,  the  set 
docs  not  tic  the  ratio  of  the  frequencies  to  an  exactly 
constant  value  fixed  by  the  number  of  poles.  Kelative 
changes  of  frequency  arc  permitted  by  a  slight  change  of 
the  speed  of  the  exciters.  If  the  double  synchronous  set  is 
compare<i  with  a  rigid  coupling,  the  avynchroiious  set  is  a 
C'Mipling  wliich  only  transmits  power  when  it  .slips,  while 
I  ■>iious  set  IS  a  coupling  which  need  not  slip 

•  '  ;  >  so  when  the  frequency  ratio  is  constant, 

but  IS  capable  of  doing  so  without  injury  or  waste  of  power 
when  necessary.  The  size  of  the  exciters  is  a  minimum 
when  the  set  i»  worked  as  near  to  the  natural  synchronous 

'         possible  ;  by  making  them  larger  we  may  have  a 

Ic  discrepancy  between   the  ratio  of  the  poles 

■  1  1  I  I  tilt  frcijiK-ncies,  and  thus  cuinplicalid  frequency 
r^lin.   are  qmtr  rs«ily  dealt  with,  or  numbers  of  poles  and 

'l<le  to  Ihcdesign  of  the  main  machines 
>  'I  would  otherwise  Im:  possible.     When 

IP.  p<iwcr  11  t>eing  liansmiltcd  llirough  the  set,  the  mag- 
netic axi«  of  the  rotor  of  each  machine  must  be  in  line 
with  tital  of  ilk  Mator.     By  retarding  or  advancing  one  of 

■  -   rxcitcrt,  which  only  require*  a   change  in  the   field 

i!or  of  it*  motor,  the  main  machines  can  be  made  to 


act  respectively  as  motor  and  generator.  The  amount  of  Pn'icssor 
load  exchanged  between  the  two  systems  is  thus  under 
complete  control  without  access  to  the  engine  stop-valves, 
and  there  docs  not  appe.ir  to  be  any  difticulty  in  arranging 
for  it  to  be  done  automatically.  At  the  same  time,  the 
power  factor  of  the  current  taken  from  e.ich  system  can 
be  independently  controlled,  either  by  hand  or  automati- 
cally, by  adjusting  the  field  of  the  exciter  itself.  Such  a 
semi-synchronous  set  would  thus  give  far  more  complete 
control  than  either  the  synchronous  or  asvnchronous  sets  ; 
provided  the  exciters  are  not  m.ide  too  small,  it  would 
permit  quite  a  large  drop  of  frequency  on  one  system, 
owing  to  accident,  without  disturbing  the  other  system, 
or  d.inger  to  itself.  The  size  of  the  set  would  thus  be 
settled  by  the  amount  of  power  to  be  interchanged  rather 
than  by  that  lo.id  which  might  come  on  it  in  the  event  of  a 
breakdown  in  one  system.  In  the  event  of  such  a  break- 
down causing  a  total  shut-down  on  one  system,  the  circuit 
breaker  on  tlic  exciter  motor  would  come  out  long  before 
the  decrease  in  frequency  was  sufficient  to  cause  trouble 
with  the  frequency  changer.  The  exciters  would  be  small, 
unless  it  was  intended  to  permit  a  consideral>le  diflerence 
between  the  frequency  ratio  and  that  set  by  the  number  of 
poles.  Tliey  probably  would  not  need  to  be  rated  at  much 
over  5  per  cent  of  the  m.iin  machine  in  ordinary  cases,  and 
so  would  not  add  a  very  great  proportion  to  the  cost.  The 
low-frequency  currents  required  for  excitation  could  be 
obtained  from  a  low-frequency  alternator  of  the  ordinary 
type,  or  from  the  rotor  of  an  induction  m.ichine  the 
primary  of  which  is  excited  from  one  of  the  main  systems 
through  a  regulating  transformer,  while  the  rotor  is  held 
at  the  correct  slip  by  means  of  the  continuous-current 
motor.  The  latter  arrangement  would  give  a  more  favour- 
able speed  for  the  continuous-current  motor  than  the 
former,  but  there  has  not  lieeii  time  to  work  out  all  the 
details  of  the  system.  Neither  has  it  been  possilile  to 
examine  all  the  possibilities  which  it  opens  up,  but  it 
would  appear  probable  that,  at  least  when  the  frequency 
ratio  4s  the  same  as  the  luimber  of  poles,  both  exciters 
could  be  driven  by  the  same  motor.  They  would  have 
different  numbers  of  poles,  and  consequently  an  .idvancc 
of  the  common  shaft  would  advance  the  phases  by  dilTerent 
amounts  and  give  the  phase  difference  necessary  for  taking 
up  load.  Such  an  arrangement  would,  at  least  with  syn- 
chronous exciters,  cut  tlown  the  size  of  the  exciter  motor 
to  a  very  small  aniouiil,as  it  would  never  have  to  deal  with 
part  of  the  main  power,  for  while  one  exciter  w.is  acting  as 
a  generator,  the  other  would  be  motoring  by  an  approxi- 
mately equal  amount. 

To  sum  up,  the  semi.,synchronous  set  would  seem  to 
promise  complete  control  of  both  the  load  and  the  power 
factor,  to  be  entirely  free  from  risk  of  injury  by  a  shut- 
down on  either  system,  .ii<  ease  of  starting  compar- 
able with  that  of  a  slip-ring  induction  motor,  smooth 
parallel  ruiiiiing  with  other  machines  of  any  type,  and  a 
complete  indepindence  o(  the  two  systems  so  far  as  exact 
frequency  ratio  and  phase  are  concerned,  while  at  the  same 
time  its  cost  would  not  very  greatly  exceed  that  of  the 
cheapest  sets  now  available.  In  fact,  seeing  that  its  rating 
need  not  hear  a  minimum  ratio  to  the  lot.il  power  of  the 
smaller  system,  it  would  prolxibly  Ik  much  cheaper  than 
any  other  when  the  maximum  power  to  be  exchanged  is 
only  a  small  fraction  of  the  load  on  the  smaller  system. 
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Mr.  R.  TowNENi>(/;;  reply)  :  I  agree  with  Mr.  Partridge 
that  the  subject  of  phase-changing  and  phase-balancing 
is  one  of  great  importance  and  interest,  and  it  ccrtainly 
demands  a  paper  to  itself.  I  understand  that  a  paper  on 
this  subject  has  been  almost  completed  and  will  be  sub- 
mitted to  the  Institution  next  session. 

Choke  coils  could  be  used  for  varying  the  load  distribu- 
tion between  synchronous  frequency  changers,  but  to  do 
so  would  involve  additional  apparatus  and  would  not  be  so 
simple  as  using  a  rotatable  stator.  It  is  quite  correct  that 
when  pressure  is  switched  on  to  an  induction  motor  there 
is  a  rush  of  current  whether  the  machine  is  running  or 
is  stationary,  and  with  high-voltage  machines  it  is  an 
advantage  to  switch  on  the  pressure  through  some  form 
of  variable  resistance.  It  is  not  a  difficult  matter  to  degign 
a  stator  which  can  be  rotated.  This  has  been  done  and 
has  proved  satisfactory  in  the  case  of  frequencv  changers 
having  a  capacit)'  of  at  least  5,000  k.v.a. 

In  order  to  use  a  comparatively  small  sj-nchronous 
frequency  changer  for  linking  up  two  power  stations,  it 
has  been  proposed  to  fit  the  generator  of  the  frequency 
changer  with  a  stator  which  could  be  rotated  continuously 
in  either  direction.  The  rotation  of  the  stator  would  be 
effected  by  means  of  a  small  motor,  the  speed  of  which 
would  be  controlled  by  the  load  on  the  frequency  changer. 
If  the  load  on  the  frequency  changer  increased,  the  motor 
would  rotate  the  stator  slowly  in  the  same  direction  as  the 
field  and  so  cause  the  load  to  be  reduced.  It  would,  of 
course,  be  necessary  to  fit  the  rotating  "stator"  with 
slip-rings. 

A  magnetic  clutch  could  be  used  between  the  motor  and 
generator  of  a  synchronous  frequencj'  changer,  and  would 
simplify  the  paralleling  of  two  power  stations,  but  such  an 
arrangement  could  not  be  used  if  more  than  one  frequency 
changer  were  installed.     If  one  machine  were  on  load,  it 


would  be  necessary  to  give  the  correct  angular  displace- 
ment between  the  motor  and  generator  of  the  incoming 
machine  before  closing  its  clutch,  in  order  to  make  it  take 
its  share  of  the  load.  There  would  be  no  objection  to 
paralleling  the  incoming  generator  with  one  on  load 
through  a  resistance,  in  order  to  avoid  the  shock  which 
would  otherwise  occur  due  to  parallehng  the  two  machines 
when  they  were  out  of  phase. 

The  arrangement  of  induction  frequency  changers 
described  on  page  199  was  adopted  because  the  capacity 
of  the  po\ver  stations  was  large  in  comparison  with  that  of 
the  frequency  changer. 

Mr.  Highfield  asks  for  a  few  examples  of  where  linking- 
up  has  taken  place  by  means  of  synchronous  frequency 
changers.  I  do  not  know  of  many  cases  in  this  country 
where  this  has  been  done,  but  there  are  many  examples  in 
.^.merica.  Mr.  Peck*  has  recently  given  instances  where 
large  power  systems  both  in  Italy  and  .America  have  been 
so  connected.  There  is  no  doubt  that  satisfactory  parallel 
operation  between  two  power  statio.^s  will  be  more  easily 
obtained  when  the  generating  sets  are  turbine  driven  than 
when  reciprocating  engines  are  used,  particularly  when  the 
two  stations  are  some  distance  apart.  There  are  several 
cases  where  reciprocating  stations  of  the  same  frequency 
operate  in  parallel,  and  although  the  introduction  of  a 
frequency  changer  is  an  additional  complication  it  should 
not  appreciably  affect  the  parallel  operation  of  the 
stations. 

The  description  given  by  Professor  Robertson  of  his 
"semi-synchronous"  frequency  changer  is  very  interesting. 
Although  more  complicated  than  an  ordinary  synchronous 
set,  his  machine  has  the  great  advantage  of  a  variable  ratio 
of  frequency  transformation. 

*  J.  S.  Pfxk  :  "  The  Panillel  Operation  of  Electric  Power  Stations," 
Journal  I.E.E.,  1917,  vol.  55,  p.  61 
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1^°"  Professor  Miles  Walker  :  I  do  not  believe  that  any  of 

us  thought,  before  we  read  this  paper,  that  there  was  so 
much  of  interest  to  say  about  the  subject  of  frequency 
changers.  The  points  which  have  struck  me  as  of  special 
interest  are  :  the  magnification  of  the  angle  of  displace- 
ment, referred  to  on  page  199  ;  the  necessitv  of  securing  a 
correct  relation  between  the  positions  of  the  poles  of  the 
motor  and  the  poles  of  the  generator,  mentioned  on 
page  201  ;  and  the  very  large  number  of  possible  relations 
between  poles  which  one  can  obtain  in  some  frequencj- 
changers  by  interchanging  the  phases,  mentioned  on 
page  203.  Xot  only  does  the  paper  itself  cover  a  large 
number  of  points  of  interest,  but  as  one  reads  it  the  mind 
is  continually  invited  to  turn  to  other  questions  which 
suggest  themselves.  For  instance,  there  is  the  coupling 
of  two  power  stations  by  means  of  a  synchronous  fre- 
quency changer  ;  there,  as  the  author  points  out,  we  have 
a  coupling  which  is  analogous  to  a  solid  coupling 
connecting  two  machines  driven  by  independent  prime 
movers.  If  we  have  two  large  power  stations  each 
running  at  its  own  particular  speed,  one,  say,  at  50  cj'cles 
and  the  other  at  40  cycles,  we  dare  not  connect  them 
together  by  means  of  a  synchronous  frequency  changer, 
unless  the.motor-generator  has  a  fairly  large  output  com- 


pared with  the  output  of  the  power  station.  That, 
it,  is  one  of  the  great  difficulties  in  the  way  of  using 
synchronous  sets.  In  cases  of  that  kind,  as  the  author 
has  said,  asynchronous  sets  may  be  used,  and  if  it  is 
required  to  circulate  power  either  way,  two  sets  may  be 
installed,  one  having  the  svnchronous  motor  connected  to 
the  mains  of  one  power  supply,  and  the  other  having  a 
synchronous  motor  connected  to  the  other  power  supply. 
That  is  one  solution,  but  I  am  not  at  all  sure  that  it  is  the 
best.  If  we  are  permitted  to  introduce  a  commutating 
machine  into  the  rotor  circuit  of  the  induction  motor,  as 
was  proposed  by  Leblanc  20  years  ago,  all  sorts  of  possi- 
bilities present  themselves  to  us,  not  only  of  controlling 
the  power  factor  of  the  induction  motor  and  making  it  take 
wattless  load_  as  an  asynchronous  generator,  but  also  of 
circulating  power  cither  one  way  or  the  other  way  through 
the  set,  independently  of  the  speed  of  the  connected 
power  stations.  Vot  instance,  a  frequency  changer  might 
consist  of  a  12-pole  50-cycle  synchronous  generator  direct- 
connected  to  a  lo-pole  induction  motor  connected  to  the 
40-cycle  supply.  This  set  would  run  at  500  r.p.ni.,  so  that 
the  induction  motor  would  be  running  at  4  per  cent  above 
synchronous  speed,  and  would  tend  to  deliver  power  to 
the   40-cycle   circuit.     If,   now,   the   rotor  circuit   of    the 
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induction  motor  is  connected  to  a  pha!>c-advanccr  whose 

">'   '  ition  IS  so  arranged  that  it  boosts  against  the  electro- 

L'    force    generated    in    the    rotor    conductors,    the 

..ichinc  can  be  made  to  operate  as  a  motor, 

^  tlie  fact  that  it  is  running  alvive  syn- 
>.  1  :    and    at    the    same    time,    by    suitable 

:  the  field  coils,  as  already  desciibed  before 
the  power  factor  can  be  kept  near  unity 

re<ner,  when  the  asynchronous  machine  is 
>upply  a  generator  load,  the  phase  advancer 

^ J  to  supply  the  wattless  component  of  the  load. 

Sc\-cral  alternative  methods  of  controlling  the  speeds  and 
loads  of  induction  motors  by  means  of  pha>e  advancers,  or 
exciters  in  the  rotor  circuit,  have  been  proposed  ;  some  of 
r  ■  with  the  type  of  frequency  changer  referred  to 

i.  2  in  the  paper.     This  class  has  the  advantage 
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Fig.  a. 

''       ■  ■  "'ic  unit  for  a  given  output  can  sometimes 

I  '  .  rably  smaller  than  the  type  comprised  in 

I-1.1*-  ^  :  and,  when  combined  with  a  Leblanc  exciter,  this 
tspc  of  frequency  changer  seems  to  be  very  attractive. 

The  phase  advancer  in  connection  with  induction 
motors  has  not  come  into  use  (o  any  very  great  extent 
in  thi»  country  ;  there  is  a  fe.ir  that  it  is  an  unnecessary 
c  11.     We  know  already  that  with  proper  design 

I'  idc  to  operate  as  >-uccessfully  as  the  exciter  of 

•'  motor,   and    the   future   will    show   many 

which  It  can  be  put.  If  we  turn  to  the 
tabic  on  page  Jo^,  in  which  the  advantages  and  dis- 
advantages of  the  induction  type  and  the  synchronous 
type  of  frequency  changers  are  compared,  wc  shall  find 
that  the  addition  of  a  phase  advancer  to  the  induction 
type  complelciv  changes  the  conclusion  which  would 
' ''  1  ■     ''I    at   from   the   pcruvd   of    the    table. 

«lin-h  (he  synchronous  type  has  will 
'  bv  the  induction  tvpc,  and 
'I  lion  to  the  rigidity  of  the 
it  to  the  synchronous  frequency  changer 
I  ;...,rAcd.    In   catci   where    the  synchronous 

•  Jtin,tl  IXt  ,  tq^.  m.1    41,  p.  fm  :  ilMd.,  191J,  vol    Jo.  p    JX> 


frequency  changer  is  employed,  there  is  another  method  ProicM<ir 
of  changing  the  load  between  sets  run  in  parallel,  other  ^^*"'"- 
than  that  of  rocking  the  stator  frames.  If  the  field-magnet 
of  one  of  the  synchronous  niacliines  is  wound  with  a 
polyph.asc  winding,  say  as  a  three-phase  machine,  it  is 
possible  to  shift  the  position  of  the  poles  of  the  magnet 
relatively  to  the  iron,  and  in  this  way  secure  the  same 
effect  as  is  obtained  bv  rocking  the  st.itor  frame.  Fig.  A 
shows  how  a  three-phase  generator  can  be  connected  to 
an  exciter  and  two  rheostats  so  as  to  obtain  a  shifting 
of  the  pole  through  an  angle  of  f)0°.  If  all  the  exciting 
current  is  passed  through  pha-es  A  and  B,  the  resultant 
field  takes  up  a  position  A  B  ;  if  the  current,  after  passing 
through  A,  is  equally  divided  between  H  and  C,  the  line  of 
the  poles  is  in  phase  with  A  r  and  if  all  the  current  is 
p.isscd  through  phases  X  and  C,  the  line  of  the  poles  takes 
a  position  A  C.  It  is  also  possible  *'  to  build  a  special 
exciter  which  will  give  any  required  phase  piosition  of  the 
excitation  on  the  rotor  ;  and,  in  cases  where  perfectly 
synchronous  running  is  required,  the  cxtiter  operates 
Its  a  continuous-current  generator.  Where,  however,  it  is 
required  slowly  to  change  the  pole  positions  on  the  rotor 
in  order  to  produce  a  slip,  the  exciter  can  be  operated  at 
file  frequency  required  to  produce  the  desired  result. 

Mr.  H.  A.  Ratclikk:  The  paper  fully  amplifies  the  Mr. 
difficulties  incidental  to  tlie  operation  of  frequency  "»""''■ 
changers,  which  were  referred  to  in  the  recent  paper 
by  Mr.  Peck  on  "  The  Parallel  Operation  of  Klectric 
Power  Stations."  |  I  consider  the  author  correctly  sums 
up  in  favour  of  synchronous  machines  ;  but  they  consti- 
tute an  absolutely  rigid  connection  or  coupling  between 
the  separate  systems,  and  will  therefore  have  to  be  large 
enough  to  meet  any  abnormal  load  conditions,  since  pre- 
sumably they  will  be  of  most  use  under  such  abnormal 
conditions.  That  being  the  case  they  are  no  doubt  de- 
signed with  a  large  overload  capacity,  and  some  infor- 
mation as  to  the  efiiciency  of  these  machines  under  such 
conditions  would  therefore  be  of  interest  as  they  .ire  likely 
to  run  for  considerable  periods  at  loads  considerably  lower 
than  the  maximum  rating.  When  synchronizing  these 
machines  it  will  lie  necessary  to  control  the  frequency 
of  the  prime  movers,  and  for  that  reason  no  doubt  they 
will  usually  be  installed  in  the  generating  stations  and  not 
in  distant  substations.  It  may  be  .idvlsable  therefore  in 
certain  cases,  depending  upon  the  electric  characteristics 
of  the  line,  to  consider  whether  the  frequency  changers 
should  be  installed  in  the  low- or  the  high-frequency  gene- 
rating station.  Although  not  mentioned  111  the  paper  it  is 
presumably  not  possible  to  run  synchronous  and  asyn- 
chronous machines  in  parallel,  since  the  latter  type  depend 
on  speed  variation  for  their  load  control.  Reference  is 
made  on  page  i«><;  to  "an  alternative  method  which  is 
frequently  adopted  when  paralleling  induction  frequency 
changers."  Apparently  the  incoming  machine  is  paralleled 
with  a  fully  loaded  one,  or,  in  other  words,  with  a  machine 
having  its  maximum  slip,  and  consequently  the  motor  of 
the  incoming  generator  is  thrown  on  to  the  line  when 
running  at  a  speed  corresponding  to  maximum  rotor  slip. 
This  must  result  in  a  very  appreciable  and  undesirable 
surge  on  the  line  before  the  machines  either  run  up  to  a 
speed  corresponding  to  haUload  slipor  take  up  more  load, 

•  f.oinuf  l.f.F...  IgiJ,  vol.  50,  p.  13» 
1   Ihi-I..  1017.  V"l    svp.  ftl. 
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depending  upon  whether  or  not  they  are  running  in 
'^''"'  parallel  with  prime  movers  on  the  generator  side.  It 
would  be  interesting  to  know  whether  large  synchronous 
machines  of,  say,  1,500  or  2,000  kw.  capacity  are  made  with 
movable  stators,  as  although  it  appears  to  be  an  unmechanical 
form  of  construction  for  machines  of  such  large  size,  it 
certainly  simplifies  the  difficulties  incidental  to  synchroniz- 
ing and  the  adjustment  of  load  under  conditions  of  parallel 
operation.  As  an  alternative  to  the  method  of  paralleling 
on  an  artificial  load  I  should  like  to  have  the  author  s 
opinion  as  to  the  possibility  of  inserting  betvi-een  the 
running  and  the  incoming  machines  resistances  or  re- 
actances which  could  be  cut  out  in  one  or  more  steps. 
The  same  arrangement  could  also  be  employed  to  prevent 
the  surge  when  paralleling  the  induction  machine  in  the 
manner  referred  to.  The  author  refers  to  the  impossibility 
of  appreciably  altering  the  load  distribution  between 
synchronous  machines  running  in  parallel  by  varying 
their  field  excitation  ;  but  as  the  load  which  a  machine 
takes  up  depends  upon  its  relative  phase  displacement 
it  would  therefore  be  interesting  to  know  to  what  extent 
this  displacement  may  be  controlled  by  altering  the  excita- 
tion of  the  motor  half  of  the  machine.  Control  of  the 
phase  displacement  in  this  manner  would  probably  be 
obtained  at  the  expense  of  a  leading  current  in  the  line  ; 
but  this  might  not  always  constitute  a  disadvantage.  The 
operation  of  pole-slipping  imposes  very  severe  conditions 
upon  the  field-reversing  switch  and  I  should  like  to  know 
whether  any  special  type  of  switch  is  employed  for  this 
purpose,  as  ordinary  field-breaking  switches  are  usually 
quite  unsuitable  for  such  strenuous  duty. 
Frith.  Mt-  J.  FRiTH  :  The  suggestion  I  am  going  to  make  has 

probably  occurred  to  every  engineer  present,  and  been 
rejected  as  foolish.  Would  not  many  of  the  difficulties 
be  overcome  or  simplified  by  connecting  the  two  machines 
with  a  friction  clutch  instead  of  a  rigid  coupling  ?  Starting- 
up  would  be  easy  ;  each  machine  would  be  started  as  a 
motor  and  gradually  brought  together  with  the  friction 
clutch.  In  synchronizing  two  stations  we  must  have 
either  that  arrangement  or  the  movable  stator,  or  the 
adjustability  provided  by  using  a  phase  advancer. 
Peck.  Mr.  J.  S.  Peck  :  I  should  like  to  suggest  that  the  author 

includes  in  his  paper  a  table  giving  the  possible  speeds 
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for  frequency  changers  when  used  in  connection  with  the 
different  frequencies  in  most  common  use.  There  is  a 
well-known   type  of   machine   which   can   be   used   as   a 


frequency  changer,  and  while  its  use  for  this  purpose  Mr.  Peck 
may  not  be  commercially  feasible,  it  is  most  interesting 
from  a  theoretical  point  of  view  to  consider  this  machine 
as  a  frequency  changer.  The  machine  to  which  I  refer 
is  the  motor  converter.  Fig.  B  may  represent  an  induc- 
tion motor  and  a  rotary  converter  coupled  up  to  make  a 
motor  converter.  If  the  numbers  of  poles  on  the  two 
machines  are  equal,  then  the  frequency  on  the  connections 
between  the  two  machines  will  be  one-half  the  frequency 
of  the  supply  circuit  and  the  following  combinations  are 
possible  : — 

50  periods  supplied,  continuous  current  delivered. 

50        „  „        ,  25  periods  delivered. 

50        ,,  ,,        ,  25  periods  and  continuous  current 

delivered. 
Continuous  current  supplied,  50  periods  delivered. 

,  25 
„  „       ,  25  and  50  periods  delivered. 

25  periods  suppHed,  50  periods  delivered. 

„  „       ,  continuous  current  delivered. 

„  ,^      ,  50  periods  and  continuous   current 

delivered. 

This  shows  the  flexibility  of  the  machine.  If  the  total 
input  (neglecting  losses)  is  to  be  supplied  at  25  periods, 
then  half  the  output  is  obtained  from  the  induction 
machine  acting  as  a  transformer,  and  the  other  half  from 
the  c.c.  machine  which  is  driven  as  an  a.c.  generator  by 
the  induction  machine.  The  operation  under  other  con- 
ditions may  be  easily  worked  out.  With  equal  poles  on 
the  two  machines,  the  rating  of  the  c.c.  machine  is  only 
half  that  of  the  induction  machine,  so  that  the  total 
machine  capacity  required  is  150  per  cent,  against  200 
per  cent  for  a  standard  type  of  frequency  changer.  If 
a  set  of  this  kind  is  used  for  changing  from  50  to  40 
periods,  then  the  rating  of  the  c.c.  machine  is  only  20  per 
cent  of  the  output  required,  so  that  the  total  machine 
capacity  is  120  per  cent  as  against  200  per  cent  for  the 
standard  type  of  frequency  changer.  This  looks  very 
hopeful  until  one  determines  the  speeds  and  number 
of  poles  of  the  machines.  The  general  objection  to  an 
induction  machine  is  its  low  power  factor,  but,  with 
the  type  of  machine  shown  above,  the  c.c.  machine  may 
be  over-excited  and  thus  maintain  the  power  factor  at  a 
high  value.  This,  however,  involves  an  increase  in  size 
for  the  c.c.  machine.  If  it  is  not  desired  to  supply  con- 
tinuous current  from  the  set  shown  in  Fig.  B,  the 
commutator  from  the  c.c.  machine  may  be  omitted,  and 
this  machine  then  becomes  a  synchronous  motor  with 
separate  field  excitation.  With  this  arrangement  it  would 
be  possible  to  wind  the  rotor  of  the  induction  machine 
for  a  high  voltage,  thus,  in  some  cases,  making  it  possible 
to  eliminate  the  transformer  required  for  stepping  up  the 
low  voltage  of  the  low-frequenc)'  circuit. 

Professor  A.  B.  Field  :  The  author's  discussion  of  the  Professor 
conditions  requisite  for  paralleling  frequency  changers  on    "  ' 
both  the  high-  and  low-frequency  sides,  gives  a  very  lucid 
explanation   of   the   problems   arising  ;    in   particular,  his 
demonstration  of  the  necessary  phase  difference  between  ■ 
the  incoming  machine  and  its  loaded  neighbour  on,  say, 
the  low-frequency  side  when  the  high-frequency  side  has 
already   been   paralleled.     The   device  which   the  autlior 
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dc^cnhe*  is  a  neat  one,  whereby  the  synchroscope  has  a 
n:  J.  or  zero  bar,  which  can  l>c  displaced  from  the 

II.  •  position  bv  an  amount  dcpcndinjj  on  the  load 

upon  the  o|->crating  set.  With  such  an  indicator,  and  by 
shppinf;  poles  on  the  motor  side  of  the  incoming  set,  it 
should  be  possible  to  pick  up  fairly  quickly  the  correct 
motor  position  for  completing  the  paralleling  on  the 
generator  side,  or  vice  versa.  But,  after  all.  the  use  of  a 
movable  stator  appears  to  he  the  ration.il  mctliod  to  adopt, 
and  one  would  have  expected  purchasers  to  specify  this 
system  generally,  unless  there  are  obstructions  of  a  patent 
nature  m  this  country.  The  method  has  been  in  use  in  the 
I'niled  States  for  many  years,  and,  I  believe,  has  not 
infrequently  been  adopted  by  manufacturers  there  even 
when  not  directly  called  for  by  the  purchaser,  in  cases 
where  p.irallel  operation  with  existing  sets  has  been  known 
to  be  required.  The  author  passes  rather  lightly  over  his 
second  class  of  machine,  in  which  part  of  the  cnergj-  is 
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converted  mcch.inically  and  part  electromagnctically. 
This,  no  doubt,  is  because  it  has  not  been  used  to  anv 
great  extent.  The  type  has  many  features  of  interest, 
however,  and  it  should  be  pointed  out  that  its  size  may 
Ik  ver>'  greatly  reduced  in  comparison  with  that  of  a 
straight  synchronous  set.  Confining  our  attention  to  the 
case  in  which  the  outfit  consists  of  two  rotating-field 
machines  coupled  together,  the  low-frequency  one  A — let 
us  for  the  moment  call  it  the  motor — m.iy  be  an  ordinary 
••I  ;  ■  'I  synchronous  machine,  and  the  generator 

I.  a  simil.ir  slator  and  a  polyphase  wound 

rotoi  fed  fiom  the  low-frequency  side  through  a  potential 
regulator.  We  then  have  the  arrangement  shown  diagram- 
matically  in  Kig.  C.  The  maximum  mechanical  speed  of 
thi»  *el.  consistent  with  the  frequencies,  is  the  same  as  for 
a  straight  synchronous  set,  but  the  number  of  poles  of  the 
generator  corresponds  to  a  higher  speed,  since  the  field 
rotates  at  a  »peed  greater  than  that  of  the  shaft  (if  the 
:  itc  backwards  relatively  to  the 
''•r  lli.in  a  straight  synchronous 
;''  ncratoi  slator  per  kilowatt 
I  of  rotation  of  its  field,  not 
. .  in  compaiiHon  with  the  straight 
.. :  IS  I  educed  in  almut  the  propor- 
I  to  the  field  upeed,  or  in  the  ratio  of 
•  he  different  i  ..i   ii<^|ucncie>  to  the  higher  one  ;  the  same 


applies  roughly  to  the  remainder  of  the  set.  It  will  be 
seen  that  the  advant.igc  in  size  becomes  greatest  when  the 
two  frequencies  are  near  together,  provided  that  the  output 
is  not  greater  Ih.in  can  be  conveniently  taken  cire  of  with 
the  small  number  of  poles  involved  for  the  B  macliine. 
For  instance,  a  linking  together  of  40  and  50  periods 
would  allow  us  a  maximum  speed  of  f>oo  r.p.m.  with  the 
ordinary  synchronous  outfit  :  this  corresponds  to  8  and 
10  poles,  (t'jo  r.p.m.  would  also  be  the  maximum  mechan- 
ical speed  available  for  the  arrangement  of  Fig.  C,  but 
while  the  A  machine  would  retain  8  poles,  (he  H  machine 
would  have  two,  and  would  gain  the  electrical  advantages  of 
a  speed  of  3,000  r.p.m.  with  only  the  mechanical  difficulties 
of  600  r.p.m.  For  a  transfer  of  5,000  kw.,  the  .\  machine 
would  only  be  rated  at  1,000  kw.  plus  losses,  or  less  than 
one-fourth  the  normal  size,  while  the  B  stator  would  be 
that  of  a  5,ooo-kw.  3,000-r.p.m.  machine,  instead  of  a 
5,ooo-kw.  6oo-r.p.m.  one. 

It  becomes  necessary,  in  order  to  take  care  of  the  \'aria- 
tions  in  volt.ige  on  each  system,  to  introduce  a  polyphase 
induction  regulator,  and  the  size  of  this  will  depend  entirely 
upon  the  amount  of  voltage  variations  to  be  provided  for, 
and  the  reactive  drops  in  the  double-wound  machine.  For 
instance,  in  a  30  to  60-pcriod  case  in  mind,  the  possible 
variations  in  voltage  on  both  systems  under  extreme  con- 
ditions of  load  and  power  factor  were  estimated  to  be  well 
taken  care  of  by  a  ±  15  per  cent  voltage  regulation.  As 
this  regulation  needed  to  be  effected  in  respect  of  the 
electrical  input  to  the  rotor,  only,  that  is,  about  half  the 
rating  of  the  set  ;  and  as  the  voU.age  introduced  by 
the  regulator  could  cither  assist  or  oppose  the  supply, 
the  rating  of  the  potential  regulator  amounted  only  to 
some  8  per  cent  of  that  of  the  set.  However,  the  use  of 
this  subsidi.iry  piece  of  apparatus,  and  the  necessity  of 
obtaining  part  of  the  excitation  by  altcrn.iting  current,  are 
distinct  drawbacks  to  this  type  of  frequency  changer.  It 
is  of  interest  to  note  th.it  with  sets  of  this  type  we  have  the 
two  frequencv  systems  tied  together,  electromcchanically 
through  the  sh.ifl,  and  electromagnctically  through  the 
high-frequency  machine.  If  \vc  disconnect  the  low- 
frequency  stator  from  its  busb.irs,  wc  still  have  the  two 
systems  tied  together  by  the  H  h.ilf,  only,  of  the  frequency 
changer.  This  tic  by  itself  will  not  allow  any  encrgj-  to  be 
transmitted  from  one  system  to  the  other,  so  th.it  it  exerts 
no  control  on  the  ratio  of  frequencies,  but  it  does  allow  of 
wattless  k.v.a.  being  transmitted  in  either  direction,  as 
desired.  In  f.ict,  the  B  portion  of  the  set  operating  thus, 
will  transmit  energy  from  the  one  to  the  other  system  only 
when  it  is  allowed  simull.ineously  to  do  mechanical  work 
or  receive  mechanical  power.  The  reason  why  such  a 
machine  floating  upon  the  two  systems  cannot  by  itself 
transfer  kilowatts,  while  the  somewhat  simil.ir  rotary 
converter  floating  upon  an  alternating-current  and  con- 
tinuous-current system  can  do  so  in  cither  direction,  will 
be  apparent  upon  a  little  reflexion.  It  involves  the  fact 
that  in  the  present  case  the  flow  of  power  occurs  to  both 
the  rotor  and  stator,  while  the  rotor  only  is  concerned  in 
the  case  of  the  rot.iry  converter. 

Mr.  T.  H.  M.  SwiMirwvK  :  The  discussion,  so  far, 
would  sccni  to  bear  chiefly  upon  the  points  iif  desifjn 
and  technical  data  ;  aiul  perhaps  one  or  two  remarks 
outside  such  points  would  not  be  out  of  place.  In  the 
fiisl    instance    we   must   suppose    that   the    linking-np   of 
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stations  is  with  an  object  of  national  interest— a  service 
of  national  supply,  and  general  utility.  When  we  remem- 
ber the  confusion  in  which  the  whole  of  the  electricity 
supply  of  the  country  now  stands  on  questions  of  alter- 
nating versus  continuous  currents,  different  voltages, 
frequencies,  systems  of  supply,  and  almost  everything 
else,  one  is  struck  with  the  idea  that  more  uniformity 
would  be  desirable.  The  conclusion  arrived  at  by  the 
author,  in  the  last  paragraph  of  the  paper,  becomes 
beyond  dispute — something  of  the  kind  being  absolutely 
necessary.  Again,  the  author  makes  out  a  very  strong 
case  for  the  svnchronous  type  of  motor  as  against  the 
induction  tvpe  ;  and,  of  those  mentioned  on  the  first 
page,  it  would  seem  to  be  a  choice  of  the  least  evil.  It  is 
up  to  the  Institution— perhaps  to  this  Local  Section  more 
particularly — to  have  an  established  type  of  machine,  and 
to  see  that  such  be  used  wherever  possible,  even  if  legis- 
lation be  deemed  necessary  in  the  national  interest.  Some 
progress  seems  to  have  been  made  recently  in  the  com- 
mutator type  of  machine  ;  which  might,  perhaps,  be  worth 
consideration. 

Mr.  G.  A.  JUHLIX  :  In  comparing  the  induction  and 
synchronous  types  the  author  has  hardly  emphasized  suffi- 
ciently the  disadvantages  of  the  former.  The  question  of 
power  factor  of  the  induction  machine  becomes  serious 
when  operating  as  a  generator,  due  to  tlie  fact  that,  as 
pointed  out  in  the  paper,  it  is  unable  to  supply  any  watt- 
less current  to  the  system  but  on  the  contrary  draws 
wattless  current  from  it.  The  importance  of  this  feature 
will  be  clearly  appreciated  by  considering  a  specific  case. 
Assume  a  station  of  7,000  k.v.a.  at  80  per  cent  power 
factor,  of  which  5,000  kw.  is  supplied  by  the  generating 
plant  in  the  station  and  2,000  kw.  through  a  frequency 
changer  from  another  station  :  the  wattless  load  required 
by  the  system  would  then  be  5.250  k.v.a.  and  the  induction 
generator  would  require  920  k.v.a.,  assuming  the  power 
factor  of  the  induction  machine  to  be  91  per  cent,  which 
may  be  taken  as  an  average  figure.  This  would  mean  that 
the  power  factor  of  the  synchronous  machines  would  be 
62  per  cent  and  that  either  the  k.v.a.  capacity  of  the  station 
would  have  to  be  increased  or  some  form  of  power  factor 
imf>rovers  introduced.  In  either  case  extra  machiner}- 
has  to  be  provided  and  additional  outlaj-  therefore  in- 
curred. The  variation  in  frequency  due  to  the  slip  is 
also  a  disadvantage,  and  the  only  marked  advantage  of 
the  induction  set  is  that  it  forms  a  flexible  link,  but  it  would 
seem  that  the  difficulties  of  the  synchronous  set  as  a  link  be- 
tween large  stations  have  been  considerably  overestimated. 
It  is  interesting  to  note  that  the  author  advocates  the  use  of 
a  movable  stator  for  paralleling  purposes.  This  arrange- 
ment undoubtedly  provides  the  safest  and  at  the  same  time 
the  simplest  way  of  synchronizing  large  sets.  The  free- 
dom from  any  mechanical  stresses  on  the  windings  is  of 
considerable  importance  in  the  case  of  large  high-speed 
sets.  Low-speed  generators  of  low  voltage  will  stand 
rougher  handling  than  high-speed  high-voltage  machines, 
and  due  consideration  should  be  given  to  this  point  in 
deciding  the  necessitv  or  otherwise  of  providing  a  rocking 
stator.  Many  engineers  hold  that  it  is  unnecessary  to  pro- 
vide mean?  for  rocking  the  stator,  it  being  contended  that 
it  is  perfectly  safe  to  parallel  sets  with  the  phase  displace- 
ments generally  met  with.  It  is  doubtful,  however,  whether 
this  is  sound  practice,  as  will  be  apparent  when  the  actual 


conditions  which  may  be  met  with  are  considered.  In  Mr.  juhiio. 
modern  machines  it  is  not  uncommon  to  have  a  displace- 
ment of  40°,  and  considering  a  change  from  25  to  50  periods 
we  obtain  a  phase  displacement  of  120°  on  the  50-period 
side.  If  a  machine  of  small  output,  as  compared  with  the 
system  to  which  it  is  to  be  connected,  is  paralleled  under 
such  conditions,  the  stresses  on  the  windings  will  be  con- 
siderablv  greater  than  if  the  machine  were  short-circuited 
at  the  terminals.  The  shock  in  switching  machines  out  of 
phase  on  to  a  system  can  of  course  be  reduced  by  connect- 
ing a  choking  coil  in  series,  thereby  reducing  the  current 
rush.  A  special  switching  arrangement  is,  however, 
necessary  and  would  be  more  complicated  than  to  provide 
movable  stators.  As  regards  the  mechanical  arrangement, 
there  does  not  appear  to  be  much  difficulty  in  this  connec- 
tion, and,  as  pointed  out  by  Professor  Field,  this  scheme  has 
been  adopted  in  .America  where  large  sets  have  been  built 
with  the  stators  movable  by  means  of  a  small  motor  mounted 
on  the  bedplate. 

Mr.  R.  Town-end  (ni  reply) :  Professor  Walker's  re-  Mr.^  ^^ 
marks  are  of  great  interest.  There  is  no  doubt  that 
the  use  of  a  phase  advancer,  in  conjunction  with  an  in- 
duction frequency  changer,  will  give  operating  charac- 
teristics which  are  on  an  equality  with,  and  in  some 
respects  better  than,  those  of  the  synchronous  set ;  but  in 
the  majority  of  cases  the  cost  of  the  former  will  be  higher 
than  that  of  the  latter,  and  also  the  attention  and  mainten- 
ance necessary  will  be  slightly  greater.  The  arrangement 
shown  in  Fig.  .\  gives  a  simple  way  of  obtaining  a  dis- 
placement of  the  poles,  but  I  think  there  is  no  doubt  that  a 
standard  type  of  machine  with  saUent  poles  and  a  movable 
stator  is  more  desirable  and  less  expensive. 

Mr.  Ratcliff  asks  for  the  efficiency  of  synchronous 
frequency  changers.  The  figures  will  of  course  depend 
upon  the  rating  of  the  set,  but  a  i,ooo-kw.  frequency 
changer  having  a  speed  of  500  r.p.m.  or  thereabouts  will 
have  an  overall  efficiency  of  approximately  Sg  per  cent  at 
full  load  and  82  per  cent  at  half  load.  It  is  quite  correct 
that  the  characteristics  of  the  transmission  line,  and  the 
general  lay-out  of  the  cable  system,  may  in  some  cases 
determine  whether  the  frequency  changer  should  be 
installed  in'  the  high  or  the  low-frequency  station,  but 
when  the  line  characteristics  are  of  no  importance  in 
this  respect,  it  is  usually  immaterial— from  the  perform- 
ance point  of  view— in  which  station  the  set  is  installed. 
It  is  usually  not  practicable  to  run  synchronous  and 
induction  frequency  changers  in  parallel,  but  in  some 
cases  this  may  be  done,  e.g.  25-  and  6o-penod  systems 
could  be  linked  up  by  means  of  a  synchronous  set  run- 
ning at  214  r.p.m.,  and  by  an  induction  set  operating 
at  720  r.p.m.  When  two  such  sets  are  running  in  parallel, 
the  induction  set  will  always  carry  the  load,  which  will 
give  a  motor  slip  of  4  per  cent.  There  is  no  great  diffi- 
culty in  building  machines  with  movable  stators,  and  this 
has  been  satisfactorily  done  with  machines  having  a 
capacitj'  of  at  least  5,000  k.v.a.  With  large  machines 
it  is  advisable  to  move  the  stator  by  means  of  a  motor 
controlled  from  the  switchboard.  The  shock  caused  by 
paralleling  unloaded  and  loaded  synchronous  sets  could 
be  reduced  by  inserting  resistances  or  reactances  between 
the   loaded    and   unloaded   machines,   but  this  of    course  ^ 

involves  additional    apparatus   and   is   not   as   simple   as 
using   the   movable   stator.      It    is    possible  to   obtain   a 
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Ml  vaii-ttion    in    the    load    distribution    Itctwecn    two    syn- 

TowMod  tiironou>  sets  running  in  parallel  by  varying  tlic  motor 
excitation,  hut  the  variation  will  he  small,  usually  only 
about  lo  per  cent  of  full  load.  There  is  no  difficulty  in 
making  a  field  switch  for  reversing  the  field  excitation  : 
it  should  he  mechanically  strong  and  fitted  with  an 
efficient  discliarge  resistance. 

Mr.  Frith  proposes  the  adoption  of  a  friction  clutch 
between  the  two  machines  of  a  synchronous  set  in  order 
to  simplify  the  p.iralU'ling  of  two  stations.  This  would 
certainly  he  the  case  if  only  one  >et  was  to  be  run,  but  if 
a  second  set  had  to  be  paralleled  with  it,  it  would  be 
necessary  to  give  the  requisite  angular  displacement 
between  the  motor  and  generator  of  the  incoming  set 
before  closing  the  clutch,  in  order  to  make  this  set  take 
its  share  of  the  load.  To  do  this  would  of  course  be 
impracticable. 

As  suggested  by  Mr.  Peck,  I  have  .iddcd  to  the  paper  a 
table  (Appendix,  page  204)  giving  the  possible  operating 
speeds  for  synchronous  frequency  changers  used  in  con- 
nection with  the  more  usually  adopted  frequencies.  The 
machine  shown  in  Fig.  B  is  certainly  interesting,  although, 
as  Mr.  Peck  points  out,  it  is  very  doubtful  if  it  is  of  any 
commercial  value.     It  is  of  course  a  modification  of  the 


second  type  given  in  the  paper  and  has  the  disadvantages  ! 
mentioned  in  connection  with  that  type.  ^ 

Professor  Field  has  given  careful  consideration  to  the 
second  type  of  frequency  changer.  There  is  no  doubt  that 
machines  of  this  type  may  he  considerably  smaller  than 
those  of  the  third  type,  but,  as  he  points  out,  the  necessity 
for  an  induction  regulator  and  for  obtaining  part  of  the 
excitation  by  alternating  current  is  a  distinct  disadvantage. 
It  is  also  necessary  to  collect  the  greater  proportion  of  the 
power  from  slip-rings,  and  in  the  case  of  high-voltage 
machines  this  is  very  undesirable. 

Mr.  Swinburne  wishes  the  Institution  to  standardize  the 
type  of  frequency  clianj;er  to  be  used  for  linking-up 
purposes.  I  do  not  consider  that  any  one  type  is  suffi- 
cient to  meet  the  requirements  of  every  case,  and  the  only 
satisfactory  way  is  to  adopt  the  type  of  machine  most 
suitable  for  the  case  under  consideration.  A  frequency 
changer  having  an  alternating-current  commutator  motor 
instead  of  an  induction  or  synchronous  motor  would 
enable  a  variable  ratio  of  frequency  transformation  to  be 
obUiincd,  but  the  set  would  not  be  reversible. 

I. am  quite  in  agreement  with  Mr.  Juhlin  as  to  the  disad- 
vantages of  the  induction  generator  and  the  necessity  of  .n 
movable  stator  in  the  case  of  large  high-voltage  machines. 
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Mr.  J.  J.  H.  Staxsfield  :  .\lthough  the  paper  sets  out 
the  principles  involved  in  computing  depreciation  and 
seeks  to  apply  those  principles  to  practical  purposes  it 
does  not  take  into  account  the  difficulties  which  must  be 
met  and  overcome  by  the  accountant,  and  also  by  the 
business  man  who  has  to  make  the  undertaking  a  success. 
I  have  read  with  care  the  authors'  definition  of  the  respec- 
tive functions  of  the  engineer,  the  financier,  and  the 
accountant,  and  I  consider  it  would  be  much  the  same 
thing  if  it  read  like  this  : 

The  function  of  the  engineer  is  to  direct  what  sums 
should  be  annually  set  aside  for  depreciation  and 
determine  what  methods  sliould  be  adopted. 

The  function  of  the  financier  is  to  find  such  money  as 
is  required  and  invest  the  sinking  fund,  and 

The  function  of  the  accountant  is  to  do  what  he  is  told 
and  not  to  hide  his  light  under  a  bushel. 

Accountants  have  opportunities  from  time  to  time  of 
observing  the  methods  of  those  in  supreme  authority  and 
of  appreciating  the  reasons  for  the  somewhat  rough-and- 
ready  methods  sometimes  adopted.  In  considering  depre- 
ciation, we  must  take  into  account  that  the  primary 
necessity  is  to  obtain  business  and  that  we  are  forced  to 
deal  with  depreciation  according  to  the  results  of  the 
year's  working.  In  practice  we  find  that  municipal  coun- 
cillors, and  shareholders  and  directors,  do  not  concern 
themselves  very  much  with  rates  or  methods  of  deprecia- 
tion, and  though  engineers  may  direct  and  accountants 
maj'obey,  they  will  both  in  the  end  have  to  adopt  methods 
which  are  as  little  complicated  as  possible,  taking  into 
account  the  desires  of  the  directors,  pressed  by  shareholders 
and  others  who  are  anxious  to  know  the  result  of  the  year's 
working.  Both  must  remember  that,  after  all,  the  powers- 
that-be  will  depreciate  just  so  much  or  just  so  little  as  they 
please.  But  even  managers  and  directors  cannot  do  just 
what  they  like.  In  the  first  place,  there  is  the  innate  con- 
servatism of  the  Briton.  Then  there  are  the  difficulties  of 
obtaining  business  due  to  competition.  On  page  141  the 
paper  sets  out  substantiallj'  the  various  methods  of  treating 
the  provision  for  depreciation.  The  maintenance  method 
— considered  by  the  authors  to  be  unsatisfactory — is  the 
polic}'  pursued  by  our  railway  companies  with  their  enor- 
mous capitals  and  plants  and,  although  perhaps  not  theo- 
retically sound,  there  must  be  something  in  it.  I  agree  with 
the  authors  in  objecting  to  the  reducing  balance  method, 
because  during  the  earlier  years  the  plant  will  not  earn  so 
much  as  in  later  years,  and  profits  would  not  be  such  as  to 
provide  a  sufficient  surplus  for  depreciation.  With  regard 
to  the  sinking  fund  method— the  one  advised  in  the  paper 
—  I  will  take  the  alleged  objections  to  that  method  men- 
tioned on  page  148.  I  cannot  see  that  the  fact  that  the 
straight  line  method  is  usually  employed  is  not  in  itself  an 

*  Paper  by  Messrs.  F.  Gill  and  W.  \V.  Cook  (see  page  137). 
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important  reason.  Broadly  speaking,  I  think  the  reasons  Mr. 
may  be  stated  to  be  based  on  practice,  even  if  they  are 
theoretically  imperfect.  In  the  first  place,  the  sinking 
fund  method  requires  very  elaborate  book-keeping  if  it  is 
to  be  consistently  adhered  to,  because  the  life  of  each 
important  piece  of  plant  would  have  to  be  dealt  with 
separately.  Thus  the  accountancy  staff  would  necessarily 
be  increased.  As  regards  the  sinking  fund  method  being 
objected  to  because  it  would  be  unfair  either  to  the  buyer 
or  seller,  I  agree  it  would  be  absurd.  After  all,  when  it 
comes  to  actual  practice,  is  not  the  sinking  fund  method 
itself  an  estimate  ?  .And  for  these  reasons  :  First,  the  life 
of  the  new  plant  is  unknown.  The  best  that  anyone  can 
do  is  to  give  an  estimate  of  its  life  based  on  experience  of 
old  plant  of  a  similar  character.  Secondly,  it  cannot  be 
stated  in  advance  what  the  units  of  work  will  be.  Thirdly, 
plant  is  made  up  of  several  p.arts  with  different  lives. 
Listl)',  there  is  the  great  diversity  in  the  life  of  plant  (even 
in  the  case  of  machines  purchased  from  the  same  manufac- 
turer and  at  the  same  time).  The  sinking  fund  method  has 
its  definite  uses.  It  may  safely  be  employed  in  the  repay- 
ment of  money — either  b}'  equated  or  irregular  payments. 
In  such  cases  there  is  a  definite  period  within  which  it 
must  be  repaid.  But  it  has  very  practical  objections  when 
we  are  dealing  with  plant  the  life  of  which  can  only  be 
estimated  and  where  we  can  only  depreciate  in  accordance 
with  the  amount  of  profits  we  make.  To  use  a  sinking 
fund  with  absolute  accuracy,  the  engineer  would  have  to 
be  both  an  actuary  and  a  prophet,  and  in  addition  he 
would  have  to  guarantee  the  profits.  No  !  where  the 
powers-that-be  can  be  persuaded  to  consider  that  theory 
has  anything  whatever  to  do  with  depreciation,  the  usual 
method  will  be  to — 

Take  the  total  of  each  class  of  assets  as  shown  in  the 
balance  sheet  at  the  end  of  the  year  ; 

Determine  the  rate  of  depreciation  that  each  total 
should  bear  ; 

See  what  profits  there  are  ; 

Consider  what  amount  is  required  to  help  the  rates,  or 
what  rate  of  dividend  should  be  paid  to  the  shareholders 
to  satisfy  them  and  attract  additional  capital  ; 

Find  the  total  amount  of  the  depreciation  which  should 
theoretically  be  charged  against  the  profits  ; 

And,  finally,  transfer  to  the  depreciation  fund  part  of 
those  profits. 

Summarized,  the  points  I  wish  to  make  are  as  follows  -.-^ 

(i)  A  rigid  method  cannot  be  chosen  because  the  factors 
are  uncertain.  The  life  of  the  plant  is  unknown 
and  althougli  the  history  of  other  plant  is  helpful 
it  can  only  be  approximately  so. 

(2)  Any  method  of  depreciation  chosen  must  be  a 
practical  one,  without  complication  or  intricate 
accountancy. 
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(J)  PUnt  cannot  be  bought  without  money.  We  must 
pay  interest  or  dividend  on  that  money  out  of  a 
revenue  which  is  often  lluctuating,  and  the  profits 
available  (or  depreciation  are  influenced  hy  the 
competition  we  have  to  meet.  Obviously  the  prices 
we  charge  must  not  ignore  depreciation.  That 
would  be  fatal  to  success.  But  that  fact  docs 
not  prevent  us  from  using  methods  which  may 
l>c  imperfect,  as  has  l)een  proved  over  and  over 
again  by  the  many  successful  undertakings  we  sec 
around  us. 

Uluukcf  ^'^"    ^    °"   ^'"'TAKKK  :    The    authors    seem    to    take 

maintenance  as  a  standing  charge,  however  much  the 
plant  may  depreciate.  I  have  found  in  actual  practice, 
however,  that  the  maintenance  charge  increases  year  by 
year.  I  must  admit  that  I  have  adopted  the  straight  line 
method  extensively.  In  local  government  we  are  restricted 
by  the  Local  Government  Board  to  fixed  terms  of  years 
within  which  to  repay  loans  raised.  When  electrical  under- 
takings were  started,  the  Local  Government  Board  made 
the  mistake  of  allowing  periods  which  were  too  long. 
Latterly  these  periods  have  been  reduced  and  varying 
.  terms  of  years  for  the  various  classes  of  plant  (based  on  life) 
are  now  allowed.  Local  authorities  differ  from  companies 
in  that  they  have  to  repay  their  capital,  whereas  the 
companies  have  a  stationary  or  increasing  share  capital. 
I  think  Mr.  Stansfield  has  "  touched  the  spot,"  as  it  were, 
when  he  says  that  the  question  is  one  of  expediency. 
H  there  arc  no  profits,  then  the  provision  for  deprecia- 
tion must  be  abandoned.  The  whole  matter  seems  to 
me  to  be  this:  thit  companies  have  their  shareholders, 
and  I  have  my  r.itepavers,  to  consider.  In  dealing  with 
the  improvements  fund,  the  authors  h.ive  raised  a  new 
point,  so  far  as  I  am  concerned.  Where  the  plant  is 
subject  to  obsolescence  the  provision  of  an  improvements 
fund  would  place  the  undertaking  in  a  position  to  take 
advantage  of  any  improved  methods. 

••'  Mr.  J.  Mitchell  :  I  am  not  an  expert  in  these  matters, 

but  perhaps  there  arc  one  or  two  points  it  might  be  of 
interest  to  touch  upon.  Mr.  Whitakcr  mentioned  one, 
namely,  that  capital  borrowed  by  local  authorities  has  to 
be  repaid  by  sinking  fund.  He  also  referred  to  the  im- 
provements fund.  It  seems  to  mc  that  if  the  sinking  fund 
period  be  correct— and  it  must  be  remembered  that  such 
period  is  determined  for  a  local  authority  by  a  higher 
authority,  i.e.  either  by  Parliament  or  by  a  Government 
LK-partraent — nothing  more  need  be  done  in  the  way 
of  providing  for  depreciation  or  improvements  because 
the  repavment  of  the  debt  within  the  period  co-terminous 
with  the  life  of  the  as^ct  is  all  that  is  necessary.  After 
a  lo.iii  has  been  paid  off  a  fresh  power  to  borrow  can 
be  obtained  for  the  renewal  of  the  plant,  if  desired.  If 
•I  any  tune  it  be  found  nccessar)-  to  put  moneys  aside 
(other  than  for  the  sinking  fund)  for  cither  the  renewal 
Of  improvement  of  the  plant,  then  it  is  proof  that  the 
^inking  luiid  period  i*  too  long,  and  a  local  authority  would 
do  wfll  to  reduce  it  In  order  to  speed  up  the  sinking  fund 
pfovi'.iiin.  Tlie  sinking  fund  (or  loan)  periods  allowed  tor 
repayment  «(  dtbl  are  maximum  periods  and  can  be 
rcfl'irr^l  at  Will  by  a  local  authority  if  it  considers  it 
"'  do  »o.     I  gather  from  the  paper  that  what 

i*  '  to  try  and  agree  if  possible  upon  a  correct 
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method   of  ascertaining  what   charges  should   be   made  i 
each   year  upon  the  income  of  an  undertaking  in  order  ' 
th.at  each  year  be  debited    with    its   proper   share  of  the 
cost  of  the  plant,  having  regard  to  its  economic  life,  rather 
than  to  leave  the  question  to  be  settled  by  expediency  or 
anything  of  that  sort. 

Mr.  R.  Levitt  :  A  recent  experience  of  mine  m.ay  be  of  < 
interest.  A  wholesale  clothier  liad,  before  tlie  War,  plant 
worth,  say,  ji;io,ooo  (this  figure  i-;  hypothetical!,  which  was 
suflicient  for  all  his  requirements.  When  the  demand 
came  for  clothing  for  the  soldiers  he  enlarged  his  place  at 
a  cost  of,  say,  /rio.ooo.  What  he  put  to  mc  was  this : 
How  would  1  value  the  plant  when  this  temporary  de- 
mand is  over  ?  Also,  what  reduction  could  he  claim  in 
reg.u-d  to  income  tax,  and  how  was  provision  to  be  made 
for  the  depreciation  which  would  result  on  a  speedy 
realization  of  the  plant  when  it  was  no  longer  required  ? 
This  is  how  I  considered  the  question.  Suppose  that  he 
has  spent  ^."io,ooo  and  that  the  War  lasts  four  rears,"  also 
that  he  has  made  an  additional  ^,"2,000  per  annum  ounng 
to  the  War.  If  we  assume  income  t.ax  to  be  at  is.  6d.  in 
the_f,  in  four  years  he  would  have  paid  ^fi.ooo  income 
tax  and  his  extra  profits  would  have  been  reduced  from 
£f8,ooo  to  ^'7,000.  Then  if  he  were  to  ask  me  to  sell  his 
machinery  by  auction  and  he  gets  .£^5.000  for  what 
originally  cost  ;^to,ooo,  the  residue  of  his  profits  in  four 
years  would  be  ;£r2,ooo,  unless  he  provides  for  deprecia- 
tion before  he  pays  his  income  tax.  But  I  suppo.^  that 
the  income  tax  commissioners  would  be  very  loath  to  allow 
such  depreciation  on  that  plant  as  would  enable  him  to  do 
what  I  have  indicated. 

Mr.  W.  Lang  :  Mr.  Stansficld's  and  Mr.  Whitakcr's  com-  1 
mcnt,  that  depreciation  is  a  matter  of  expediency,  is  correct 
only  to  a  cerLiin  extent.  Depreciation  is  a  necessity  and 
cannot  be  neglected.  It  is  possible  to  make  use  of  it  in 
good  years,  and  also  in  b.ad  years — to  help  an  under- 
taking, say,  over  a  very  difficult  year,  or  to  "  level  up  " 
a  good  year — but  it  would  not  be  wise  to  admit  more  than 
that.  We  cannot  fix  our  charges  for  any  commodity  wc 
arc  producing,  whether  it  be  electric  power  or  a  manu- 
factured article,  without  knowing  what  we  are  going  to 
allow  for  depreciation.  There  are  vcrj'  many  factors 
affecting  the  question  of  depreciation  which  arc  not 
mentioned  in  the  paper  ;  for  instance,  the  rise  and  fall 
of  the  bank  rate.  I  think  that  is  an  important  item  in 
connection  with  the  value  of  depreciation  in  very  large 
undertakings  where  money  is  paid  into  a  depreciation 
sinking  fund  and  is  not  available  for  very  urgent  work  such 
as  renewals  or  extension  work. 

Mr.  J.  K.  Storr  :  I  think  perhaps  the  paper  is  more  i 
idealistic  than  pr.aclical  as  things  stand  to-da\.  In  view  of 
the  amount  of  work  necessary  in  compiling  the  numerous 
returns  which  would  have  to  be  preparwl  for  the  com- 
plicated system  of  book-keeping  involved.  There  arc  one 
or  two  points  on  which  I  should  like  fuller  information. 
On  page  1.1S.  in  the  last  paragraph,  it  is  stated  that  "the 
purpose  for  which  they  (the  annual  charges)  arc  required 
is  to  enable  the  engineer  by  their  means  to  select  plant 
wisely,  and  so  to  plan  economically."  Are  they  not  far 
more  important  in  connection  with  the  charges  to  be 
made  for  the  commodity  to  lie  sold  by  the  undertaking, 
or  the  cost  of  production  ?  On  page  1 1»  depreciation  is 
included  in  the  annual  charges,  and  on  page  t;;  Jcpre- 
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elation  is  defined  as  including  "  improvements,"  or,  as  we 
should  hitherto  have  said,  "the  replacement  of  obsolete 
plant."  I  think  the  inclusion  should  be  distinctly  quali- 
fied ;  that  is,  that  it  does  not  apply  to  all  plant,  because  at 
least  one-third  of  an  electricity  supply  authority's  assets 
is  not  subject  to  obsolescence.  To  include  such  a  charge 
on  all  plant  is  of  course  unnecessarily  inflating  the  price 
of  the  commoditj'  where  improvements  are  not  called  for. 
Such  things  as  tramway  lines  or  cables  would  not  be 
improved.  They  would  wear  out  and  be  replaced  by 
other  lengths.  I  appreciate  the  point  that  to  select  items 
for  different  kinds  of  treatment  would  still  further  com- 
plicate the  keeping  of  accounts,  but  I  think  the  point 
ought  to  be  borne  in  mind.  Then  I  think  consideration 
should  also  be  given  to  the  possibility  of  carrying  out 
improvements  in  a  more  certain  way  by  transferring  the 
cost  to  the  replacing  article.  That  is  to  say,  if  we  are 
installing  a  turbine  which  will  put  other  plant  out  of 
commission  it  should  be  able  to  carry  the  old  plant  on 
its  back. 

Mr.  A.  W.-VLTON" :  Speaking  from  an  accountant's  point 
of  view,  I  am  afraid  that  if  the  authors  tried  to  explain  this 
elaborate  sinking  fund  system  to  those  with  whom  we 
have  to  deal  they  would  find  it  difficult  to  get  it  enforced. 
Business  men  will;  listenj  to  what  we  have  got  to  say,  but 
it  lis  useless  to  suggest  anything  elaborate.  When  an 
accountant  meets  his  clients,  he  has  therefore  to  confine 
his  remarks  on  the  subject  of  depreciation  principally  to 
two  main  lines.  First  of  all  there  is  the  straight  line 
method  ;  and  secondly,  the  reducing  balance  method.  It 
is  only  in  that  way  one  can  get  the  bulk  of  the  business 
people  to  understand  reallj-  the  true  effect  of  depreciation. 
As  accountants  we  always  recommend  the  reducing  balance 
method.  It  is  quite  true  that  in  the  first  year  this  results 
in  a  larger  amount  of  depreciation  than  in  later  years,  but 
the  amount  for  repairs  is  very  small.  If  we  take  it  over 
several  years  we  shall  find  that  the  amount  of  depreciation 
written  off  under  this  method  plus  the  cost  of  repairs  will 
be  almost  the  same  sum  year  after  year.  In  any  case  the 
figure  will  be  more  constant.  That  is  why  this  method 
recommends  itself  to  accountants  more  than  the  sinking  fund 
method.  A  previous  speaker  p  Dinted  out  that  if  we  adopt 
the  sinking  fund  method,  it  means  we  must  have  an  elabor- 
ate system  of  book-keeping,  and  where  we  are  to  get  the  men 
to  carry  it  out  I  do  not  know.  A  few  years  ago  there  was 
a  very  big  arbitration  when  we  heard  a  great  deal  about 
depreciation.  That  was  at  the  time  when  the  Government 
took  over  the  telephone  system,  and  I  think  it  was  Sir 
William  Plender  who  introduced  the  sinking  fund  method 
of  depreciation.  It  was  good  in  theory,  but  not  in  practice. 
What  happened  was  this.  The  arbitrator  adopted  the  "5 
per  cent  clean  cut."  He  was  not  going  to  bother  with 
any  elaborate  calculations.  That  was  the  basis.  Generally 
speaking,  that  will  be  found  to  be  the  attitude  of  busi- 
ness men.  At  the  end  the  result  will  be  all  right. 
Suppose  we  have  plant  of  value  £"100  and  we  depreciate 
it  at  the  rate  of  5  per  cent  per  annum  for,  say,  5  years. 
That  roughly  is  £25.  We  sell  the  plant  for  £10,  making  a 
total  of  £35.  We  have  lost  £65  on  our  plant,  and  this 
amount  can  be  written  off  if  desired  as  extra  depreciation, 
and,  compared  with  the  total  value  of  plant,  the  rate  would 
not  be  appreciably  affected.  For  income  tax  purposes  this 
£6^  extra  depreciation  would  be  allowed  as  a  proper  deduc- 


tion under  the  head  of  obsolescence.  I  should  like  to  refer  Mr.  Walton, 
to  the  point  raised  by  Mr.  Levitt  with  regard  to  the  whole- 
sale clothier.  Supposing  a  man  puts  down  £'10.000  of  new 
plant  and  machinery,  and  in  four  years  the  trade  for  which 
this  plant  was  installed  is  gone,  he  must  have  allowed  as 
an  expense  this  cost  of  ;^io,ooo.  What  he  does  is  this  : 
First  of  all  he  has  got  to  satisfs-  the  income  tax  authorities 
that  he  has  put  down  this  plant  specially  for  the  purpose 
of  fulfilling  the  war  contracts  placed  with  him  by  the 
Government.  When  he  satisfies  them  on  this  point,  he 
must  then  satisfy  them  that  the  particular  plant  depre- 
ciates fairlj'  rapidly.  On  a  sewing  machine,  ordinarily  one 
gets  7J  per  cent  depreciation,  but  in  these  days  with  extra 
hours  worked  and  because  of  other  factors,  15  per  cent 
may  be  obtained.  Therefore  one  claims  15  per  cent. 
Depreciation  is  reckoned  at  this  rate  until  we  sell  our 
plant  and  machinery  and  claim  for  any  value  left  in  the 
books  in  the  way  I  have  indicated.  In  that  way  there  is 
no  loss. 

Mr.  W.  M.  Selvey  :  The  authors'  arguments  appear  to  Mr.  SeWey. 
me  to  be  something  like  this.  In  a  company  whose  stock 
or  shares  are  equivalent  to  a  gilt-edged  security,  every 
method,  however  theoretical,  which  can  help  to  define 
accurately  the  exact  financial  position  of  that  concern 
should  be  adopted,  and  if  possible  nothing  should  be  left 
over  either  to  be  treated  as  a  matter  of  opinion  or  as  a 
matter  of  "  use  and  wont."  Other  speakers  have  dealt  with 
what  may  be  termed  a  more  speculative  class  of  business, 
and  perhaps  the  bulk  of  the  business  of  the  country  is  yet 
of  that  nature.  A  man  in  a  speculative  business  does  not 
want  to  know  exactly  what  his  capital  is.  What  he  is  in- 
terested in  is  the  amount  he  turns  over,  and  what  profit  he 
makes  on  it.  His  real  capital  can  vary.  While  he  does 
not  want  to  know  what  he  is  worth  as  long  as  his  business 
is  a  private  company,  it  becomes  a  matter  of  acute  interest 
when  he  wants  to  turn  his  business  into  a  limited  liability 
company.  Then  the  capital  written  down  is  generally  a 
great  deal  more  than  he  ever  thought  he  was  worth.  It 
seems  to  me  when  dealing  with  a  company  which  is  at  the 
stage  of  becoming  a  large,  sound  limited  liability  company, 
there  is  a  certain  sense  of  value  about  the  concern  which 
cannot  be  called  capital,  and  yet  is  of  the  nature  of  capital. 
Probably  this  is  what  is  often  vaguely  described  as  good- 
will. The  argument  of  some  speakers  which,  I  take  it,  is 
intended  to  apply  to  a  speculative  business  having  a  large 
element  of  goodwill  in  its  actual  value,  is  that  it  is  not  only 
legitimate  but  necessary  to  draw  on  that  goodwill  in  the 
sense  of  not  placing  to  depreciation  a  certain  amount  of 
the  gross  profits  in  any  particular  year  because  of  the 
necessity  of  keeping  up  the  face  value  of  the  actual  share- 
holders' capital  by  maintaining  the  usual  dividend.  The 
equivalent  of  this  goodwill  when  the  company  has  attained 
a  settled  position  should  be  a  reserve  fund.  It  should  not 
be  necessary  therefore  for  a  well-established  companj'  to 
vary  its  depreciation  scheme  for  any  particular  year,  because 
the  reserve  fund  should  be  available  to  level  up  the  financial 
operations  of  the  company.  It  appears  to  me,  then,  that  the 
condition  of  the  reserve  fund  added  to  a  knowledge  that  an 
accurate  depreciation  fund  method,  as  recommended  by 
the  authors,  should  show  the  financial  position  of  the  com- 
pany very  accurately.  This  is  the  impression  which  has 
been  made  on  me  by  the  remarks  of  the  various  financial 
authorities.     With  regard   to  the  divergence   of  opinion 
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■r  ScfM7  among  them,  I  think  it  can  be  explained  by  considering 
which  kind  of  company  they  are  thinking;  of.  These  I 
have  fried  to  suggest  arc  three.  First,  a  s(>cculativc  com- 
pany, which  is  sound,  but  part  of  whose  value  is  goodwill  ; 
second,  this  company  in  the  next  stage  of  progress,  when 
its  goodwill  IS  written  off  and  is  replaced  by  a  rocrve  fund  ; 
third,  when  the  company  has  become  so  large  that  it  really 
of>erates  under  the  insurance  company  conditions  and  must 
make  a  steady  dividend  by  the  magnitude  of  its  operations. 
At  the  third  stage  especially,  the  most  theoretical  method 
available  should  be  applied  to  determine  its  fmanci.il 
position.  Perhaps  the  authors  will  inform  mc  in  their 
reply  whether  I  have  correctly  understood  the  matter. 

Mr  Pijiit*  Mr.  W.  H.  Platts  (communualeJ)  :  In  all  the  engineer- 
ing and  manufacturing  concerns  with  which  I  am  profes- 
sion.illy  associated,  depreciation  by  reducing  or  diminishing 
balances  is  used,  and  I  do  not  know  of  a  single  instance  in 
which  the  so-called  straight  line  method  is  utilized.  Hence 
the  trenchant  criticisms  of  this  method  fall  to  the  ground, 
and  the  authors  should  re-draft  their  paper,  comp.iring  the 
sinking  fund  method  with  the  reducing  balance  method. 
In  my  experience,  the  life  of  engineering  plant  is  consider- 
ably varied  hy  excessive  use.  in  addition  to  improvements, 
and  every  case  should  be  considered  on  its  merits.  I  have 
frequently  advised  an  initial  depreciation  of  25  to  33J  per 
cent  immediately  on  the  installation  of  plant,  as  th(?  pur- 
chase price  of  new  machines  includes  the  profit  and  selling 
charges  of  the  vendors,  and  afterwards  depreciation  on  the 
diminishing  balances,  based  on  the  estimated  life  of  the 
machine,  with  extra  allowance  for  excessive  use,  double 
and  treble  shifts  ;  and  I  have  invariably  recommended  that 
all  additions  to  the  machinery  by  w.iy  of  improvements 
should  be  charged  to  repairs  and  renewals  and  not  to 
capital.  The  majority  of  engineers,  in  taking  out  their 
costs  for  quotations,  include  a  round  sum  per  hour  for  the 
use  of  the  machine  and  for  labour,  but  in  my  opinion  this 
is  frequently  underestimated  and  the  cost  of  the  use  of  the 
machine  per  hour  should  be  entirely  separate  from  the  cost 
of  labour  per  hour  in  connection  therewith.  In  my  opinion 
many  firms  do  not  write  off  sufficient  depreciation,  and  are 
consequently  eventually  left  with  an  out-of-d.ile  pl.inl,  and 
the  various  engineering  federations  should  combine  to  put 
pressure  on  the  Inland  Revenue  authorities  to  secure  the 
allowance  of  proper  and  reasonable  depreciation  on  plant, 
instead  of  the  5  per  cent  depreciation  at  present  allowed, 
which  IS  in  most  instances  totally  insuflicient. 

Mr  v.fbtr>  Mr.  H.  K.  Vkrbury  (commiinicateJ)  :  The  authors'  paper 
opens  out  many  controversial  points  and  I  hope  that  engi- 
neer* in  charge  of  both  company  and  municip.il  under- 
takings will  discuss  matters  from  their  own  particular 
klandpoint».     I  agree  that  no  standard  rates  for  deprecia- 


I  tion  can  be  devised  to  serve  all  conditions.  For  instance, 
'  if,  as  the  authors  say,  the  function  of  the  financier  is  to 
1  provide  information  regarding  "  the  amount  of  money 
available,"  is  it  intended  where  such  amount  is  small  for  a 
specific  undertiking  to  restrict  the  amount  set  aside  for 
depreciation  ?  Although  it  is  the  function  of  the  ac- 
,  countant  to  provide  accurate  records,  these  are  usually 
I  based  on  "  information  supplied "  rather  than  on  the 
!  "  decisions  arrived  at. '  The  question  of  alternative  design 
1  and  specification  for  plant  is  very  important,  as  obviously 
there  is  a  point  where  first  cost  ce-ases  to  be  as  important 
as  annual  cli.irges.  It  is  regrettable  that,  whereas  "  works 
j  costs  "  are  regularly  published  for  nearly  all  undertakings, 
the  total  costs  including  capital  charges  are  invariably 
suppressed.  Under  "lives — physical  and  economic"  it 
I  does  not  appear  to  be  a  sound  business  pohcy  to  charge 
new  plant  with  the  making  of  money  to  repay  the  balance 
of  capital  on  old  plant  taken  out  of  commission.  All  engi- 
neers appear  to  agree  tliat  a  special  fund  is  essential;  To 
call  this  fund  the  improvements  fund  is  a  debatable  point. 
This  fund  is  apparently  for  the  development  of  the  busi- 
ness, m.ide  up  of  contributions  taken  from  the  net  profits, 
in  other  words  a  reserve  fund  for  use  as  circumstances 
render  advisable.  The  latter  name  appears  to  mc  to  be 
better  than  the  former.  With  regard  to  the  authors'  state- 
ment th.1t  in  the  straight  line  method  of  providing  sinking 
fund,  it  is  the  general  pr.actice  to  credit  the  revenue  account 
with  the  earned  interest,  this  is  not  so  in  municipal  under- 
takings, which  invariably  adopt  the  straight  line  method. 
I  cannot  agree  that  small  parts  such  as  dynamo  brushes 
and  firebars  which  have  a  comparatively  short  life  should 
be  charged  to  renewals.  Were  such  the  policy,  the  works 
costs,  including  mainfen.ince,  would  be  very  low  and  would 
not  show  the  true  state  of  affairs.  I  advocate  thai  where 
p.arts  of  running  plant  wear  out  within  five  years,  they 
should  be  charged  against  maintenance,  and  if  renewals 
arc  required  after  that  life,  then  these  items  should  be 
charged  to  renewals.  Under  "assessment  of  profits"  I 
tliink  no  hard-and-fast  rule  can  be  laid  down  to  .allow  for 
depreciation  and  obsolescence.  a>  so  much  depends  on 
loc.il  circunist.iiices,  and  in  municipalities  on  the  period  of 
I  lie  loan  :  for  where  tlie  period  is  a  short  one  it  does  not 
always  seem  desirable  to  supplement  the  sinking  fund  by 
a  depreciation  fund,  assuming  that  the  annual  sum  so  set 
aside  is  sufficient  to  cover  depreciation.  I  cordially  agree 
with  the  authors'  conclusions  that  all  estimates  require 
revision  from  time  to  time,  and  this  li.as  been  cmphasixed 
in  a  striking  manner,  especially  in  money  \"alucs,  during 
the  war. 

(The  AfTiioKs'  reply  to  the  discussion  will  be  found  on 
page  22fi.) 


Manciikstkk  Local  Siation,  i(>  J.xniakv,  1917. 


Mr.  S.  I,   Pkaklk  :  Members  generally  will  agree  with 

•he  definition  of  the  re*pectivc  functions  of  the  engineer, 

a<                          I    '  ■  ! .   and    with   the  emphasis   laid 

U)  iicut  co-operation.     Within   the 

1'  of  such  co-operation 

I''  ikings  in  thisenunlry. 

I  Hie    late    Sir    William 

•  '■  <  cnlly  at  Southampton 


where  .Sir  John  Snell  was  associated  with  an  eminent 
accountant.  I  feci  sure  that  the  co-operation  resulted  in 
great  benefit  to  those  undertakings.  Hut  when  all  has 
been  slid  on  this  point  it  remains  true  that  the  engineer 
has  to  bear  the  brunt  of  the  currcetncss  or  otherwise  of 
the  jlcpreci.»ti<>ii  chargc«,  because  it  devolves  upon  him 
at  the  start  to  estimate  the  facltirs  which  determine  it, 
namely,  the  first  cost  and  the  lives  of  various  poitionsof 
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ear«.  the  plant.  The  authors  have  made  it  perfectly  clear  what 
they  mean  by  the  term  "depreciation."  They  resolve  it 
into  two  component  parts,  "  renewals "  and  "  improve- 
ments." The  first  of  these,  viz.  renewals,  makes  provision 
for  the  expiring  capital  outlay,  which  is  provided  for  in 
the  case  of  local  authorities  by  means  of  the  statutory 
sinking  fund  in  connection  with  electricit}-  undertakings. 
The  term  "improvements"  is  perhaps  better  known  to 
electrical  engineers  under  the  name  of  obsolescence.  I 
do  not  think  all  engineers  are  fully  alive  to  the  necessity 
of  making  provision  against  the  possibility  of  having  to 
scrap  portions  of  the  plant  before  the  physical  life  is  at  an 
end.  It  must  be  emphasized  that  depreciation  is  as  much 
a  working  charge  as  fuel,  and  it  must  be  settled  on  some 
well-defined  basis,  not  dependent  upon  the  amount 
which  a  company  desires  to  pay  in  dividends  or  a  local 
authority  to  allocate  to  the  relief  of  tlie  rates.  Contrary 
to  the  opinion  expressed  by  the  authors,  I  think  there  is  a 
fair  measure  of  agreement  among  engineers  with  regard  to 
the  question  of  the  life  of  plant,  upon  which  of  course, 
the  "  renewals  "  chieflj-  depend  ;  but  the  trouble  lies  in  the 
fact  that  the  recommendations  and  opinions  of  experts  are 
very  often  ignored.  When  we  come  to  the  question  of 
obsolescence  or  improvements  we  get  into  the  realm  of 
speculation,  and  there  is  a  divergence  of  opinion  as  to  the 
percentage  allowance  for  residual  values.  It  is  almost 
impossible  at  the  present  time  correctly  to  forecast  future 
progress  or  when  the  scrapping  policy  will  become 
desirable  ;  therefore,  while  from  the  strictly  logical  and 
scientific  point  of  view  I  do  not  for  a  moment  quarrel 
with  the  method  followed  by  the  authors,  I  would 
in  all  seriousness  ask  them  whether  they  really 
consider  it  to  be  necessary  in  practice  to  make 
two  sets  of  elaborate  calculations.  I  suggest  that  one 
set  would  reasonably  satisfy  all  practical  requirements. 
It  would  be  based  upon  the  life  of  the  plant,  either  physical 
or  economic.  If  the  former  basis  were  adopted  it  would 
be  prudent  to  build  up  a  general  reserve  fund  to  a  sub- 
stantial amount  which,  of  course,  would  depend  entirely 
upon  local  conditions,  in  order  to  provide  for  the  possi- 
bility of  having  to  scrap  a  portion  of  the  plant  before  the 
physical  life  comes  to  an  end.  Next,  with  regard  to  the 
practice  of  the  Local  Government  Board  in  granting  loans, 
going  back  lo  or  12  years  we  find  the  practice  was  to 
allow  fairly  long  periods  for  repayment — periods  which 
were  undoubtedly  in  excess  of  the  economic  lives  of  por- 
tions of  the  plant,  if  not  in  e.xcess  of  the  physical  lives. 
But  since  1906  the  Board  seem  to  have  leaned  on  the 
other  side  and  the  periods  are  unduly  short.  I  am  not 
clear  whether  the  Board  now  intend  to  cover  both  physical 
and  economic  lives  ;  indeed  it  is  open  to  doubt  whether 
the  new  policy  is  based  upon  any  very  definite  ideas  at  all. 
Possibly  it  is  the  result  of  what  may  be  termed  "  the  swing 
of  the  pendulum." 

The  bulk  of  the  paper  deals  with  the  question  of  which 
is  the  correct  method  to  adopt,  namelv,  the  sinking  fund 
method  or  the  straight  line  method.  The  former  is 
adopted  by  municipalities,  and  I  think  a  very  strong 
case  for  it  has  been  put  forward  in  the  paper.  As  to 
the  straight  line  method  of  treating  depreciation,  I 
understand  that  the  authors  have  not  met  with  any  pro- 
nounced advocates  of  it.  The  exceptionally  clear  and 
interesting  tables  and  figures  given  in  the  paper  put  the 


case  for  the  sinking  fund  very  strongly.  The  choice  Mr.  Pearee. 
between  the  two  methods  becomes  more  important  when 
it  is  a  question  of  making  a  valuation  of  the  plant  as  shown 
in  Tables  8  and  9.  On  page  139  the  authors  unduly,  I 
think,  stress  the  difficulties  of  carrying  out  what  I  may 
term  a  modernization  of  existing  plant.  In  these  days 
many  of  us  have  been  compelled  to  adopt  a  big  scrapping 
policy  ;  schemes  are  being  held  up  and  engineers  have  to 
modernize  existing  stations  so  as  to  increase  outputs,  and 
difficulties  arise  when  no  provision  has  been  made  for  an 
improvements  fund.  The  difficulties  must  not  be  exagger- 
ated. So  far  as  local  authorities  are  concerned,  the 
practice  is  well  established.  The  Local  Government 
Board  will  grant  borrowing  powers  corresponding  to  the 
full  value  of  the  new  plant  required,  less  the  amount  out- 
standing on  the  old  plant.  For  the  period  the  old  plant 
has  still  to  run,  the  undertaking  carries  a  double  burden — 
the  annual  charge  on  the  old  plant  and  the  annual  charge 
on  the  new  plant — obviouslj'  every  engineer  in  deciding  on 
the  policy  of  scrapping  a  certain  amount  of  plant  will  have 
to  take  all  those  facts  into  consideration.  At  the  bottom 
of  page  139,  column  i,  the  authors  say  :  "  If  this  course 
were  adopted  new  capital  would  not  be  represented  by 
assets."  I  do  not  follow  the  meaning  of  the  word  "  new" 
before  capital.  In  a  note  on  page  138  they  say  that  "  the 
expression  '  first  cost '  is  intended  to  mean  any  or  all  of  the 
following,  as  the  context  requires."  Then  the  last  clause 
is,  "  The  estimated  construction  cost  to  reproduce  the 
plant  new."  I  do  not  see,  however,  that  any  application 
of  that  meaning  of  the  expression  "first  cost'  appears  in 
the  paper.  It  must  be  borne  in  mind  that  the  cost  of 
reproducing  plant  is  not  necessarily  the  same  figure  as  the 
original  cost.  The  authors  are  right  in  making  a  strong 
point  of  the  fact  that  the  life  of  the  plant  must  be  reckoned 
by  the  work  done  and  is  not  merely  a  question  of  years. 
That  is  brought  home  to  many  of  us  every  day.  In  many 
electrical  undertakings  the  load  factor  is  going  up  and  is 
likely  to  increase  still  further  in  the  future,  and  that  must 
be  taken  into  account  in  estimating  the  economic  life  of  the 
plant.  I  do  not  agree  with  the  authors  that  the  mainten- 
ance costs  may  be  considered  not  to  increase  with  the  age 
of  plant.  There  is  no  mention  in  the  paper  as  to  the 
wisdom  or  otherwise  of  providing  in  addition  to  the  fund 
for  expiring  capital  outlay  a  further  fund  for  the  acquisition 
of  new  plant  without  recourse  to  the  raising  of  new 
capital — commonly  known  as  the  double  provision  basis. 
I  take  it  the  authors  disagree  with  such  a  policy.  With 
regard  to  those  electrical  undertakings  which  are  now 
compelled  to  contribute  certain  sums  annually  by  way  of 
relief  of  rates,  I  e.xpress  the  opinion  that  in  the  event 
of  this  poHcy  being  abolished  the  whole  of  the  benefit 
accruing  therefrom  should  not  go  to  the  consumer.  The 
aim  of  all  undertakings  should  be  self-capitalization,  spread 
over  a  cycle  of,  say,  40  to  50  years. 

Mr.  ].  Beckett  :  In  the  solution  of  the  problem  which  Mr.  Beckett. 
we  have  to  discuss,  the  first  essential  is  to  find  out  the 
facts  if  that  is  possible.  Failing  that,  an  approximately 
accurate  basis  is  desirable,  and  in  fact  must  be  adopted, 
but  until  the  facts  can  be  definitely  ascertained,  divergent 
opinions  are  to  be  neither  deprecated  nor  deplored.  They 
are  rather  a  sign  of  vitality.  But  over  and  above  indi- 
vidual differences  of  opinion,  we  are  in  practice  always 
oscillating  between  physical  necessity  and  financial  expe- 
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dicncy — between  actual  present  needs  and  available  means.    ] 
On  page  i_v»  it  is  stated,  with  reference  to  cxiiausted  plant, 
that  "it  may  be  urjied  that  the  cost  of  making;  them  (the 
changes)  should  be  defrayed  by  new  capital  ;  but  this  is 
not   alwa>-!>   available."     In   this   matter   the   question   is, 
however,  one  of  principle.     W'c  .ve  not  discussing  cxpc-    f 
dients     The  authors  sujyjcst  that  it  should  be  a  part  of 
the  annual  charges.      Here  we   begin  to  part  company. 
I  submit  that  it  is  no  part  of  the  annual  charges  in  respect 
of  plant     It  may  be  prudent  to  make  provision  for  it  by 
way  of  reserve  if  there  is  surplus  revenue  available  for 
that  purpose,  but  it  is  certainly   not  true  accounting  to 
charge  against  the   plant  for   any  period   more  than  has 
been  taken  out  of  the  plant  within  that  pciiod  in  earning 
the  revenue.     Who  can  fix  the  ch.irges  in  advance  upon 
any   sort    of    scientilic   principle  ?      Who   can   go   into  a 
power  house  to-night  and  mark  out  the  parts  which  will 
be  superseded  or  become  antiquated  or  obsolete  or  need 
improvement  in  5,   15,  or  25  years?    The  proposition  is 
clearly  indefensible.     The  necessity  for  the  charge,  too, 
depends  very  much  upon  the  state  of  development  of  the 
plant  and  machinery.  Is  not  this  the  true  principle,  that  plant 
may   be   discarded    and    replaced    by   more   economical 
plant  out  of  capital  when  the  result  of  so  doing  upon  the 
revenue  account  is  a  positive  financial  advant.igc  to  the 
undertaking?      I'ntil  th.it   point  is  reached,  no  engineer 
would,   I    venture    to    say,  recommend  a  change  to  new 
plant  or  a  renewal  or  improvement  of  the  old.     Moreover, 
local  authorities  cannot  give  ctTect  to  the  proposal  of  the 
authors,  for  they  have  to  submit  to  the  limitations  and 
restrictions  imposed    by   the   Electric   Lighting  (Clauses) 
Act,   l8i;i^,   by   which    they    arc    restricted    to   a   reserve 
fund   and   a   surplus    revenue   of    5    per   cent   upon   the 
capital   outlay.     This   brings   us   to   definitions  of   which 
wise  men  have  fought  shy.    That  definition  on  p.ige  137 
is  very  interesting.      The  word  "depreciation"  has  been 
loosely  employed,  and  has  been  given  various  meanings. 
I  find  myself  unable  to  agree  with  the  authors,  and  will 
venture  upon  another  definition  of  depreci.ition.     It  may 
be  defined  as  :  The  charge  ag.iinst  revenue  of  any  given 
period  of  that  proportion  of  the  cost  of  proiluction  during 
that  period  which  represents  the  consequent  fall  in  value 
dae  to  wear  and  tear  of  the  pro<tuciiig  machinery  and  plant  ; 
or  as  the  repayment  to  aipilal  out  of  the  revenue  earned 
during  a  given  period  of  such  proportion  of  the  original 
outlay  as  has  Ik-cu  absorbed  or  consumed  in  earning  such 
revenue.      More    briefly   and   in   other   words,   it    is   the 
capital  restoration  cliargc.     A   banker's  practice  affords  a 
good  illustration  in  one  respect.     He  knows  the  cost  of 
his  investments.     In  his  case  the  market  value  of  these 
investments  can  be  definitely  ascertained  f>criodically.     If 
Ihcy  fall  in  value  he  writes  off  the  amount  of  the  fall.     In 
the  same  way  it  is  the  duty  of  the  engineer  to  ascertain  the 
value  of  the  plant  at  the  end  of  a  given  period  due  to  wear 
and  tear,     depreciation,  as  such,  is  not,  as  the  authors 
ftay,    a    financial     operation  ;    it    is    clearly    a    physical 
process     having     no     necessary     relation     whatever     to 
finance.     It  i\  of  course,  expressed  in  terms  of  finance, 
but     an     engineer     put     into     a     power    house    for    the 
purpose    of    determining   the   dcprctiation    of    the    plant 
may  well   piotccd    in  terms  of  pcrtonlagcs  without  any 
relation    to    finance   whatsoever.     Again,  from   its   nature, 
depreciation  ha«  1.0  rcLaUon  whatever  to  improvcmonl*. 


The  fall  in  x-alue  arising  from  obsolescence,  supersession,  K 
antiquation,  or  the   introduction  of   improved  machinery 
cannot  be  dealt  with  along  mathematical  lines,  or  bv  any 
rule  or  regulation.     These  things  arc  distinct  from  depre- 
ciation of  fixed  capital,  and   must  be  dc:ilt  with  by  other 
means.     Therefore  I  am  at  issue  directly  with  the  defini- 
tion of  depreciation  given  by  the  authors.     The  primary 
object  of  depreciation  is  the  preservation  of  the  original 
capital,   and    the   measure  of   the   annual  charge    is    the 
amount  of  capital  annually  consumc-d  by  the  production  of 
the  year.     N'or  has  depreciation  any  relation  to  the  return 
on  capital  outlay,  contrary  to  what  is  stated  several  times 
in  the  paper.     Let  us  suppose  that  we  have  a  period   of 
trade  depression  and  losses  have  to  Ix:  incurred   over  a 
period  of  several  years — would  that  fact  touclithe  question 
of  depreciation  ?     Would  the  process  of  depreciation  sus- 
pend  itself  in  the  meantime  ?     No,  the  process  goes  on, 
profit  or  no  profit.     If  the  authors  had  kept  that  f.ict   in 
mind,  it  would  have  saved  them  the  necessity  of   rtiany 
calculations  in  the  paper  which  needlessly  take  account  of 
the  return  on  capital,  because  the  return  on    capital    has* 
nothing  whatever  to  do  with  the  question  of  depreciation. 
Coming  to  another  subject,  it  is  stated  on  p.ige  143  that 
"the  depreciation  fund  is  not  required  until  the  end  of  the 
life, '  and  we  .ire  asked  what  is  to  be  done  with  the  money 
annually  sot  aside  meanwhile.     If  we   have  an  accumulat- 
ing depreciating  fund,  and  can  lix  the   minimum   rate   of 
interest  for  the  accumulating  period,  we  arc,  I  think,  on 
the  highway  to  the  solution  of  the  problem  submitted  to 
us.     Meanwhile  that  fund,  wherever  it  is,  is  of  the  nature 
of  capital,  cither  in  a  lixcd  or  liquid  st.atc,  waiting  its  true 
function  of  restoration.     I  cannot    imagine    that  anyone 
here,  or  cisewlierc,  will  defend  what  is  c.illcd  the  straight 
line  method,  and  for  this  reason,  that  the  method  extracts 
from  revenue  the  total  amount  of  capital  in  the  name  of 
depreciation,  regardless  of  interest  which  properly  belongs 
to  the  depreciation   fund.     By  an   accumulating   method 
one   likewise  gets  a  llit  rate  of   charge   over  the    whole 
period  of  the  estimated  life,   but   the   fund   requires   and 
obtains  interest  earned,  therefore  I  find  myself  in  agree- 
ment with  the  authors  on  the  question  of  the  character  of 
the  fund  to  be  employed  for  depreciation.     The  purpose 
of  the  sinking  fund  — I  am  speaking  now  from  the  point  of 
view  of    municipal    accounts — is   fundamentally   different 
from  that  of  the  depreciation  fund.     It  is  the  work  of  the 
sinking  fund  to  provide  capital.     I!y  its  means  the  capital 
of  a  local  authority  is  acquired.     Hence  the  local  authority 
with  a  true  depreciation  fund,  plus  a  sinking  fund,  carries 
a  double  burden.     First,  for  the  restoration  of  the  capital, 
and  second,  for  the  acquisition  of  capital  ;  and  if  we  arc 
going  to  insist  upon  both,  we  shall  handicap  enormousl\ 
the   initiation  of  any  municipal  scheme  when   compared 
with  private  concerns.     Pursuing  ojir  ipiest  of  dclinitioii^. 
what  is  capital  ?    .\(lam  Smith  in  his  "  Wealth  of  Nations  " 
defines  it  in  these  terms  ;  "  Whatever  a  person  saves  from 
his  revenue  he  adds  to  his  capital  ;  hence  capital  increase^ 
by  parsimony  and  diminishes  by  prodigality.     Capital  can 
be  increased  only  by  what  is  saved  from  annu.al  revenue." 
He  adds  :  "  Stock  which  is  lent  at  interest  is  alw.iys  con- 
sidered   capital   by    the    lender."     This   in    bi  ief .    without 
proceeding  Willi   anv  further  denionslralion.     What,  then, 
is  net  revenue  ?     We  shall  get  at  it  more  le.idily  by  dedii- 
ing  what  it  is  not.     In  Adam  Smith's  terms:  "The  whole 
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*ckett.  expense  of  maintaining  fixed  capital  is  necessarily  excluded 
from  net  revenue.  Neither  the  materials  necessary  for 
supporting  useful  machines  and  instruments  of  trade,  pro- 
fitable buildings,  etc.,  nor  the  produce  of  labour  necessary 
for  fashioning  those  materials  into  proper  form  can  ever 
make  any  part  of  net  revenue."  Certainly  items  of  charges 
against  revenue  do  not  include  any  charge  for  what  the 
authors  define  as  improvements.  Let  us  next  consider 
maintenance.  It  is  described  on  page  138  under  the  head 
annual  charges  as  "  the  cost  of  keeping  the  plant  in  as  good 
condition  as  is  desirable,  but  not  of  renewing  it."  This 
arbitrary- dictum  is  repeated  on  page  153  ;  but  where  are  the 
frontiers  between  maintenance  and  renewals  ?  For  ex- 
ample, take  the  wearing  parts  of  an  engine.  We  replace  a 
worn-out  brass  step,  or  a  piston  ring,  or  re-bore  a  cylinder, 
and  what  have  we  then  done  ?  I  submit  that  we  have  done 
two  things  :  we  have  both  repaired  and  renewed.  Will 
anyone  attempt  to  draw  the  line  between  these  two  things  ? 
On  page  139  it  is  assumed  that  the  cost  of  maintenance 
is  constant  each  year.  Now  with  depreciation  fixed  upon 
the  first  cost  and  the  maintenance  constant  and  taken  for 
granted  that  it  will  not  increase  with  age,  in  what  part  of 
this  scheme  is  provision  made  for  the  items  which  combine 
repairs  and  renewals  to  which  I  have  referred  ?  In 
dealing  with  the  subject  of  average  life  and  equated  life, 
the  authors  seem  to  have  got  somewhat  confused.  I  have 
never  heard  before  that  these  two  things  were  in  fact 
different.  On  page  150  they  say  that  "  there  is  a  great 
danger  if  the  difference  between  average  and  equated 
lives  is  not  appreciated,"  and  again,  "for  a  complex  plant, 
use  of  the  average  life  will  result  in  inadequate  provision, 
because  the  equated  life  is  always  shorter  than  the  average 
life."  Now,  how  can  this  be,  if  as  stated  on  page  143 
"  the  depreciation  fund  is  not  required  until  the  end  of 
the  life,"  and  on  page  152  "it  is  clear  that  an  equated  life 
arranged  for  all  the  plant  provides  money  for  the  renewal 
of  ever}-  part  "  ?  In  this  connection.  Table  10  is  interesting 
to  me.  The  equation  of  the  three  items  of  £fioo  for  10,  5, 
and  2  years  respectively,  seems  to  be  5-66  years  and  not 
3'7S  years.  In  conclusion  I  will  quote  a  relevant  resolution 
passed  at  a  special  general  meeting  of  the  Incorporated 
Municipal  Electrical  Association  in  1902 ;  "  That  in  the 
opinion  of  this  Association,  electricity  supply  undertakings 
having  to  be  maintained  in  a  thorough  state  of  efficiency 
out  of  revenue,  no  depreciation  or  further  writing  off  of 
capital  is  necessary  when  the  period  allowed  for  repaj-ment 
of  loans  is  not  greater  than  30  years,  as  the  equated  life  of 
the  plant  exceeds  that  period."  With  that  dictum  I 
heartilj'  concur. 

laa  Alderman  W.  Walker  :  I  dissent  from  the  authors'  pro- 
position chat  there  should  be  two  depreciation  funds.  I 
cannot  see  any  necessity  for  it.  If  we  decide  that  we  are 
not  going  to  run  our  plant  for  the  whole  of  its  physical 
life  but  for  a  shorter  period  which  we  term  the  economic 
life,  the  amount  set  apart  for  the  sinking  fund  should  be 
something  which  at  the  end  of  such  life  fulfils  the  object 
for  which  it  was  created.  I  cannot  understand  why  the 
authors  think  it  necessary  to  consider  any  other  factor  than 
the  a>.tual  life  of  the  plant.  There  is  another  matter  I 
should  Uke  the  authors  to  explain  because  I  do  not  agree 
with  them.  It  is  the  question  of  residual  values.  On 
page  140  they  allow  2  per  cent  residual  value  for  the 
physical  life  and  13  per  cent  for  the  economic  life.     The 


economic  life  is  the  period  after  which  we  are  justified  in  Aidermaa 
scrapping  the  plant,  and  in  my  opinion  we  have  no  right  ^  ^' 
to  estimate  for  more  than  scrapping  value.  In  95  per  cent 
of  cases  it  is  looked  upon  as  a  stroke  of  luck  if  we  find 
a  customer  who  can  fit  this  plant  into  some  require- 
ment which  he  has  at  the  moment.  The  scrap  value  at 
the  end  of  the  economic  life  will  practically  be  no  greater 
or  no  less  than  the  scrap  value  at  the  end  of  the  physical 
life  if  it  is  running  plant  ;  and  if  it  be  the  distributing 
system,  then  the  value  of  the  recovered  copper  ought  to 
be  assumed  as  the  same  for  both  periods.  Again,  it  is  well 
known,  especially  in  connection  with  batteries,  that  main- 
tenance agreements  are  made  between  makers  and  pur- 
chasers. Do  the  authors  recommend  that  the  annual 
payment  should  be  treated  as  insurance,  or  do  they  think 
it  ought  to  be  debited  to  the  renewals  account  ?  Carefully 
as  this  paper  has  been  prepared,  sound  as  their  system 
may  appear,  still  much  depends  on  estimates,  and  these 
are  disturbing  elements.  We  have  always  to  determine 
what  is  to  be  the  standard  of  maintenance  and  I  find 
opinions,  or  at  any  rate  practices,  differ  very  greatly  as 
to  the  amount  which  should  be  charged.  A  plant  which 
has  been  allowed  to  suffer  in  its  early  3'ears  in  order  that 
large  dividends  could  be  paid  will  be  affected  in  its  later 
years  by  that  mistake.  That  is  a  factor  which  may  upset 
the  original  calculations  of  the  economic  and  physical 
lives.  It  must  also  be  borne  in  mind  that  plant  must  not 
be  scrapped  simply  because  its  steam  consumption  is 
higher  than  that  of  other  plant.  Obviously  the  most 
economical  plant  in  the  station  is  run  at  the  highest 
load  factor.  The  uneconomical  plant  is  only  used  during 
the  periods  of  peak  load  ;  therefore  the  percentage  of  units 
contributed  by  it  during  the  year  is  very  small  and  any 
gain  shown  bj'  replacing  it  would  be  proportionately  small. 
One  has  to  consider  the  actual  contribution  to  the 
total  output  of  the  station  by  the  plant  which  is  under 
discussion.  Mr.  Pearce  has  estimated  for  the  Manchester 
undertaking  what  he  considers  to  be  the  true  economic 
lives  of  the  various  units,  etc.  I  have  here  a  comparison 
between  those  figures  and  some  fixed  by  Sir  William 
Preece  in  July  1906  for  Bristol.  The  Manchester  figures 
are  the  lower.  Buildings  are  taken  at  40  years,  plant  and 
machinery  20  years,  mains  and  services  20  }'ears,  motors 
10  years,  and  so  on.  These  periods  are  very  much  shorter 
than  those  fixed  on  former  occasions.  We  decided  to 
establish  a  renewals  suspense  account,  and  to  transfer 
from  revenue  account  each  year  the  amount  which, 
put  into  the  renewals  suspense  account,  would  be 
sufficient  to  meet  the  deficiency  in  the  sinking  fund  as 
shown  by  the  calculated  shorter  fife  of  the  plant.  The 
total  amount  paid  into  that  account  has  been  about 
£1344,000,  but  certain  renewals  have  been  paid  for  and  it 
now  stands  at  Xi9i,ooo.  It  is  in  addition  to  the  reserve 
fund.  But  I  am  strongly  of  the  opinion  that  the  later 
policy  of  the  Local  Government  Board  in  fixing  very 
much  shorter  periods  and  dividing  up  the  loans  in  accord- 
ance with  the  plant  on  which  they  are  going  to  be  spent, 
is  bringing  the  sinking  fund  itself  closely  appro.ximate  to 
the  economic  life.  Municipalities  and  local  bodies  have 
one  difticulty  which  does  not  afiJict  private  companies. 
It  very  often  takes  the  form  of  a  ratepayerb'  association, 
whose  greatest  asset  is  its  name  and  which  professes  to 
speak  in   the  name   of   the   people,  who  generally  know 
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aothinK  about  it.  It  is  always  desirous  of  raiding  any 
surplus  shown  in  the  accounts  of  the  trading  departments 
quite  irrcspcclivc  of  the  future  necessities  of  the  under- 
taking. 1  am  in  favour  of  sound  depreciation,  of  keeping 
maintenance  charges  high,  and  the  amount  shown  as 
profit  as  low  as  possible.  I  am  speaking  now  from  the 
public  utility  |V>int  of  view,  which  is  the  one  to  be  taken 
when  dciling  with  these  neccss.-iry  undertakings.  The 
Finance  Committee  of  the  Manchester  Corporation  in 
October  191 2  in  adopting  a  policy  of  rate  aid  actually 
decided  that  the  amount  should  be  calculated  on  the 
capital  expenditure.  Now  I  maintain  that  a  more  false 
principle  could  not  possibly  be  put  forward,  because 
;f 1, 100,000  of  our  capitil  borrowed  has  been  repaid  and 
to  a  large  extent  the  assets  which  represented  it  have 
gone  out  of  commission  and  have  ceased  to  earn  any 
revenue.  Suppose  wc  put  i  per  cent  on  the  three  millions 
capital  expenditure  when  in  fact  wc  have  plant  of  the 
value  of  only  one  million  ;  it  means  that  wc  arc  actually 
charging  3  per  cent  against  the  revenue-earning  plant 
belonging  to  the  undertaking.  That  is  one  of  the  things 
which  will  have  to  be  fought  keenly  by  accountants  and 
engineers  and  by  representatives  within  public  bodies. 
Any  amount  fixed  for  rate  aid  must  be  upon  the  outstand- 
ing loan  debt  and  not  upon  the  capital  expenditure  ; 
otherwise  it  will  become  a  growing  charge  which  will 
jeopardize  the  existence  of  the  sl.ition  in  competition  with 
other  suppliers.  It  has  also  been  argued  that  the  muni- 
cipality ought  to  pay  into  its  sinking  fund  the  statutory 
amount,  and  that  in  .iddition  it  ought  to  create  a  renewals 
account  which  would  enable  it  to  have  sufficient  capital 
at  the  expiration  of  the  economic  life  to  replace  the  plant 
without  further  borrowings.  This  means  that  the  present 
generation  of  users  would  hand  over  to  the  next  genera- 
tion of  users  a  power  station  free  of  all  cost.  It  would  be 
grossly  unfair  if  done,  but  an  attempt  would  defeat  itself 
because  it  would  mean  such  high  charges  for  current 
that  wc  should  not  get  consumers  and  so  no  funds  of  any 
description  could  be  maintained.  In  connection  with  Mr. 
Beckett's  question  as  to  the  difference  between  repairs  and 
renewals,  I  do  not  think  I  have  ever  met  with  great 
difficulty  on  that  head.  He  talked  about  piston  rings, 
re-lining  of  bearings,  and  other  repairs.  They  come  under 
maintenance.  They  only  enable  the  running  plant  to 
continue  its  output.  The  (jucstion  is  quite  a  practical  one 
and  wc  have  to  deal  with  it  every  day. 

Dr.  W.  Crami'  (lommunuated) :  In  referring  to  deprecia- 
tion as  affecting  the  design  of  plant  the  authors  speak  of 
annual  ch.vgcs  as  though  they  consisted  of  operating 
costs  al'>ne.  Hut  in  many  cases  interest  and  depreciation 
are  higher  than  any  other  annual  charge.  Thus  when  the 
author^  say  thai  "  first  cost  is  nothing  like  so  important  as 
the  annual  charges,"  they  arc  using  a  false  antithesis, 
»ince  the  two  are  interdependent.  The  authors'  distinc- 
tion l>et  ween  "physical"  and  "economic"  life  is  easy  to 
imagine  but  difficult  to  realize.  A  low-speed  steam  engine 
for  instance  may  have  an  almost  interminable  physical 
life,  and  the  definition  of  this  life  will  depend  upon  what 
i»  to  Ik  conkidcred  as  maintenance  and  what  as  renewal-.. 
Thr  more  important  factor  to  consider  is  the  economic 
lilr,  and  lhi«  is  not  a  inaltrr  which  cm  be  determined  for 
any  pUnI  once  and  for  all.  It  must  vary  from  year  to 
year  according  to  the  progrc»»  made  in  Ihr  .11 1  of  design- 


ing such  plants.  For  instance,  if  gas  turbines  become  an  Dr 
economic  possibility  next  year,  the  value  of  all  steam 
turliincs,  however  modern,  \WMild  be  appreciably  affected. 
Thus  in  my  opinion  experts  should  revise  from  time  to 
time  the  economic  lives  allotted  to  the  various  parts  of  an 
engineering  plant.  Fig.  i  is  interesting,  but.  like  most  of 
the  other  figures  and  tables  in  the  paper,  it  would  Ix: 
much  more  useful  if  the  manner  of  arriving  at  it  h.ad  been 
put  into  a  general  form  and  thus  m.idc  available  for  cases 
involving  different  numerical  values.  In  connection  with 
this  it  should  be  noted  that  though  the  authors  use  the 
term  "rate  of  interest  "  it  is  not  treated  in  the  paper  as  a 
true  rale,  but  as  an  annual  increment  or  decrement.  Thus 
if  K  be  the  value  to  which  £1  increases  in  one  vcar,  A  the 
annual  payment  per  .{"100  for  return  on  capital,  n  the 
number  of  years,  then  the  present  v.iluc  {£<)^'^t)  which  is 
the  basis  of  the  examples  in  the  paper  is  obtained  from  the 
general  formula 

V=A/(R—  i)  +  K-  ;,oo-S— A/^R  — I);    .  "  (l) 

S  being  the  value  per  cent  of  the  plant  at  the  end  of  its 
economic  life,  which  value  in  my  opinion  should  be  taken 
much  lower  than  the  authors  t.ikc  it. 

Similarly  in  Table  i,  column  D  is  derived  from 

R,=  C/(S//.) (2) 

where  R,  is  the  amount  to  which  £1  decreases  in  one  year, 
and  />  is  the  first  cost.  Column  C  in  the  same  table  is 
obviously  a  constant  proportion  of  column  D,  the  ratio 
being  that  of  the  rates  of  interest  corresponding  to  C  and 
D  respectively.  The  tables  and  curves  of  the  straight 
line  method  seem  to  me  to  need  no  comment.  Both  the 
method  of  calculation  and  tlic  dis.advantages  of  the  system 
are  quite  obvious,  and  I  can  hardly  believe  that  anyone 
would  support  it.  The  authors  seem  to  me  in  this  case  to 
have  erected  an  anachronism  for  the  sake  of  knocking  it 
down  ;  nor  can  I  see  any  justification  for,  or  object  in, 
the  repetition  of  columns  of  similar  figures  such  as  occur 
in  T.ables  2  and  3.  The  method  of  .arriving  at  the  charges 
in  Table  5  is  not  clear  and  I  should  be  glad  if  the  authors 
would  explain  it  further.  The  general  formula  appropriate 
to  column  D  in  Table  6  is  ; 

Depreciation  =  V(R—  l);(R"—  1), 

and  R  is  assumed  at  105  ;  i.e.  the  rate  of  interest  upon  the 
accumulating  sinking  fund  is  5  per  cent.  V  is  the  present 
value  as  obtained  from  Equation  (i)  above.  Of  the  various 
systems  mentioned  by  the  authors,  the  sinking  fund  is  the 
only  one  that  appeals  to  me  at  all,  although  I  see  no 
objection  to  the  rcp.ayment  of  a  loan  by  a  reducing 
balance  method  which  consists  in  setting  aside  each  year 
a  certain  fixed  sum  made  up  of  two  parts.  One  of  these  is 
applied  to  the  reduction  of  the  loan  and  the  other  is 
simple  interest  upon  the  balance  not  repaid.  The  authors' 
remarks  upon  equated  periods  are  very  much  to  the  point, 
and  I  congratulate  them  also  upon  pointing  out  the 
difference  between  life  limited  by  work  rather  than  by 
lime.  This  is  often  .appropriate  to  machine  tools  and 
similar  equipment.  1  agrei-  with  the  general  conclusions 
of  the  authors,  except  that  I  bcluvc  few  firms  will  be 
bothered  to  deal  with  two  funds.  It  is  sini|iler  to  maintain 
out  of  revenue  as  necessity  arises,  and  to  depreciate 
according  to  tin-  estimated  economic  life,  which  should  be 
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Znmp.  frequently  re-assessed,  and  which  should  reckon  upon  a 
final  value  as  scrap  only.  While  the  control  of  the  Local 
Government  Board  has  been  salutary  in  forcing  local 
authorities  to  provide  sinking  funds,  it  also  has  its  dis- 
advantages. I  believe  it  to  be  a  fact  that  in  many  parts  of 
the  country  there  is  obsolete  plant  which  is  never  used, 
but  is  kept  in  position  waiting  for  the  repayment  of  the 
loan  wherewith  it  was  purchased.  In  man)-  cases  it  would 
have  been  advantageous  to  scrap  such  plant  and  invest  the 
resulting  money  rather  than  to  keep  it  in  position. 

Foden  ^^^-  ^^'-  ^-  FoDEX  (communicated) :  I  am  in  general 
agreement  with  the  authors'  views,  but  I  deprecate  the 
idea  that  accountants  presume  to  treat  the  subject  as  theirs 
alone.  Regarding  the  choice  between  the  various  methods 
of  providing  for  depreciation,  I  think  the  sinking  fund 
method  perfectly  sound  and  the  onlv  one  worth  considera- 
tion, and  I  should  like  to  call  attention  to  the  general  use 
by  Enghsh  municipalities  of  that  method  in  connection 
with  debt  redemption.     As  Accountant  to  the  Manchester 


electricity  undertaking  I  cannot,  however,  see  why  concerns  Mr.  Foden. 
such  as  electric  supply  undertakings  in  municipal  control 
should  keep  two  separate  sets  of  calculations — one  based 
on  physical  lives  and  the  other  on  economic  lives.  The 
last-named  are  all  that  seem  necessary.  Moreover,  the 
annual  recording  of  data  and  calculations  involves  con- 
siderable expense,  so  that  the  extra  cost  would  have  to  be 
well  justilied  if  incurred.  The  possibility  of  sale  as  going 
concerns  by  municipalities  maj-,  of  course,  be  dismissed. 
For  these  undertakings  the  value  of  calculations  based  on 
economic  lives  lies  in  the  test  thej'  afford  as  to  whether 
the  debt  redemption  charges  determined  by  tlie  Local 
Government  Board  equal  or  differ  from  such  depreciation. 
If  they  equal  or  improve  on  it  the  position  is  clear  for 
raising  fresh  capital  by  loans  as  permitted  by  the  Local 
Government  Board,  the  old  capital  in  the  circumstances 
premised  having  been  repaid  within  the  economic  lives. 

(The  AiTHORs'  reply  to  the  discussion  will  be  found  on 
page  226.) 


Birmingham  Local  Section,  17  J.anuary,  1917. 


iayers.  Mr.  H.  M.  S.A.YERS  :  The  authors  have  put  forward  the 
correct  view  of  depreciation  in  a  way  which  should  con- 
vince engineers  generally.  Their  surprise  at  the  indifference 
expressed  by  some  engineers  is  justified.  Personally  I 
have  found  it  necessar\'  to  consider  and  calculate  depre- 
ciation charges  very  fully  and  carefully  in  considering 
alternative  plans,  improvements,  the  prospects  of  proposed 
undertakings,  and  the  selling  values  of  existing  under- 
takings. In  the  case  of  sales  on  "  tramway  terms,"  it  is 
the  value  of  the  physical  structure  which  has  to  be  deter- 
mined, and  that  can  only  be  done  by  ascertaining  the 
deduction  from  the  new  value  due  to  accrued  depreciation 
and  the  remaining  value  of  the  plant,  which  again  involve 
future  life  and  depreciation.  In  the  case  of  sale  on  "  going 
concern  "  terms,  what  is  really  bought  and  sold  is  the 
maintainable  revenue,  and  that  involves  future  provision 
for  renewals,  based  on  the  existing  condition.  It  would 
make  for  clearer  views  if  the  provision  were  named 
definitely  "  renewals,"  instead  of  "  depreciation."  An 
engineer  is  sometimes  placed  in  a  difficult)-  in  making  a 
choice  of  plant  by  ignorance  of  the  true  cost  of  raising  the 
capital  for  a  scheme,  information  which  some  financiers 
are  reluctant  to  give.  This  affects  the  real  rate  of  return 
required  on  the  cost  of  the  plant,  which  may  be  materially 
below  the  capital  obligations  incurred,  and  thus  vitiate  the 
calculations.  It  may  seem  to  some  a  Uttle  strange  that  the 
authors  have  put  together  the  return  on  capital  and  depre- 
ciation provision.  This  is,  however,  a  correct  view.  The 
plant,  from  the  accountant's  standpoint,  is  a  debtor  to  the 
proprietor  or  contributor  under  two  heads.  The  first  is 
that  of  return  on  capital,  i.e.  profits,  whether  dividends  or 
interest ;  the  second  is  that  of  return  of  capital  in  such 
measure  as  to  maintain  the  value  of  the  undertaking  by 
adequate  renewal  :  a  reduction  of  capital  liability.  There  is 
some  difficulty  in  calculating  the  economic  life  of  plant. 
It  requires  something  of  the  prophetic  instinct,  since  it 
involves  an  estimate  or  forecast  of  future  developments  in 
the  art.  It  is  rather  a  question  whether  a  provision  for 
improvements  is  a  necessary  criterion  of  the  soundness  of 
an  undertaking.     If  the  substitution  of  new  for  old  plant 


will  bring  in  a  sufficient  increase  of  revenue — whether  b)-  Mr  say«rs. 
economy  in  operation  or  increased  earnings — to  provide  a 
proper  return  on  the  expenditure,  including  the  wastage  of 
the  unexpired  physical  life  of  the  old  plant,  it  m.\v  be  quite 
sound  to  raise  new  capital  for  the  purpose.  On  the  other 
hand,  the  period  at  which  it  is  desirable  to  make  such 
expenditure  may  be  unpropitious  for  the  raising  of  new 
capital,  and  the  new  investors  may  demand  not  only  the 
increase  of  revenue  from  that  expenditure,  but  some  share 
of  the  existing  revenue,  as  leaving  the  original  proprietors 
worse  off  instead  of  better.  Therefore  it  is  very  nice  to 
have  an  improvements  fund  available  and  greatly  to  the 
interests  of  the  proprietors,  though  hardly  essential  to 
financial  soundness.  The  sinking  fund  method  of  accumu- 
lating renewals  and  improvement  funds,  as  advocated  by 
the  authors,  is  undoubtedly  the  sound  and  equitable  one, 
and  is  the  one  which  I  have  always  adopted  in  calculations. 
Their  proof  of  its  equity  as  between  successive  owners  (or 
successive  periods)  is  ingenious  and  convincing.  It  does 
not  fulfil  the  demands  of  some  accountants  that  the  value 
of  the  plant  and  of  the  renewals  fund  taken  together  should 
at  every  moment  equal  the  original  capital.  This  ultra- 
view-  seems  to  be  based  upon  the  fallacy  of  taking  the 
existing  present  value  of  the  renewals  fund  but  omitting  to 
recognize  that  against  that  they  must  take  the  present 
value  of  the  future  liability  of  renewal,  this  item  they  take 
at  its  full  value  as  an  immediate  liability.  With  reference 
to  the  distinction  between  maintenance  and  renewals, 
there  seems  to  be  no  dividing  line  in  principle.  It  is, 
however,  convenient  as  equalizing  charges  in  successive 
periods,  to  draw  the  fine  at  the  life  corresponding  to  the 
accounting  period  adopted — whether  oneN-ear  or  any  other 
period.  Then  renewals  of  any  portions  of  the  plant  having 
a  life  period  not  exceeding  the  accounting  period  are 
charged  as  maintenance,  while  those  of  longer  life  are 
provided  for  from  the  renewals  fund.  This  avoids  anomalous 
differences  between  the  periodic  accounts,  which,  as  the 
authors  point  out,  are  objectionable  and — possibly — inequit- 
able. The  absence  of  the  word  "  obsolescence  "  from  the 
paper  is  an  additional  reason  for  thanking  the  authors. 
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DISCUSSION   ON 


Xfr.  T.  I'LfMMER  :  The  paper  has  apparently  been 
written  to  show  the  superiority  and  greater  accuracy  of 
the  sinkin;;  fund  over  the  straight  line  method  of  com- 
puting the  depreciation  allowance  for  plant,  and  the 
authors  have  made  out  an  exceedingly  strong  case  for 
the  employment  of  sinking  fund  calculations  in  the  pre- 
paration of  ordinary  commercial  accounts.  Mr.  Gill  has, 
however,  mentioned  in  his  introductory  remarks  that  the 
paper  is  not  intended  to  relate  to  the  accounts  prepared 
bv  municipalities  working  on  borrowed  money,  and 
po^Mbly  the  s:mic  applies  to  a  concern  run  by  the  Slate, 
as  the  telegraph  and  telephone  systems.  Anyhow,  for 
the  purpose  of  "  considering  the  financial  results  of  the 
working  by  the  State  of  the  telephone  system  of  the 
country"  the  Postmaster-General  appointed  in  1913  a 
strong  committee  ofiaccounting,  actuarial,  and  engineering 
experts,  and.  in  preparing  the  statement  of  accounts  for 
presentation  to  Parliament,  they  assessed  "depreciation 
on  the  basis  of  the  estimated  effective  life  of  the  plant." 
The  method  followed  was  on  the  straight  line  basis  of 
eiju.il  annual  instalments  on  an  equated  life  of  plant  of 
20  years  (as  estimated  by  the  Kngineer-in-Chief  of  the 
Post  Office),  due  regard  being  paid  to  residual  values."-" 
No  doubt  this  decision  was  arrived  at,  as  against  the 
sinking  fund  method,  to  conform  witli  the  usual  practice 
of  annual  accounting  for  Government  departments,  each 
year's  votes  being  entirely  independent,  and  to  lit  in  with 
the  system  of  Parliamentary  control.  The  authors  may 
like  to  know  that  for  some  years  past  wc  have  in  the 
Engineering  Department  of  the  Po>t  Office  prepared 
estimates  for  alternative  schemes  of  carrying  out  works, 
on  the  basis  of  a  comparison  between  the  present  values 
of  the  total  annual  charges,  covering  capital  cost,  deprecia- 
tion, maintenance,  etc.,  as  advocated  in  the  paper.  There 
can  be  no  doubt  about  this  as  the  true  method  for  arriving 
at  the  accurate  costs  of  works,  instead  of  p.-iying  so  much 
attention  to  mere  capital  outlay.  Referring  to  the  "  con- 
stant maintenance  cost"  section  of  the  paper,  it  is  not  my 
experience  that  the  maintenance  cost  of  telegraph  and 
telephone  pl.int  is  constant  throughout  its  life.  In  the 
case  of  line  plant,  the  maintenance  cost  is  at  a  minimum 
for  the  first  few  years,  then  as  time  goes  on  arms  require 
straightening  and  wedging,  wires  get  sl.ick  and  have  to  be 
I  '  '  '  insulators,  binders,  stays  get  loo.se  and  have  to 
(1  up,  all  this  having  no  connection  with  mere 
;ii  the  sense  of  plant  replacement.  Again,  a 
■  r<l  multiple  gives  comparatively  little  trouble 
when  new,  but  when  it  approaches  the  end  of  its  effective 
life,  the  j.-icks  get  worn  and  further  troubles  arise  in  the 
removal  of  faults  in  a  large  multiple  field,  which  consider- 
ably ,-id<l  to  the  maintenance  cost.  The  illustration  given  of 
faulty  cable  renewal  only  holds  good  where  a  consider- 
able length  of  cable  is  replaced.  For  ordin.iry  faults  only 
a  vcrv  »hr>rt  piece  of  cable  is  replaced,  and  the  cost  of 
!'iiglh  is  high  compared  with  the 
i  '  of  a  normal  length.  Possibly, 
•his  extra  charge  might  be  regarded  as  proper 
•lancc  instead  of  renewals,  and  shows  how  the 
two  arc  V,  closely  interwoven. 
Councillor  K.  C.  R.  Mahks  :  1'hc  authors  have  dcmon- 

■  ^'    :  »i-t   '  n      T''^..ili  ;anit   tclcplionr  Ciimmcfcial  Acc4ninl»," 
■n  lite  Telrgmpli  and  Tdephun*  SudHy 


stnited  the  advantages  of  the  sinking  fund  method  of  Councjiwir 
providing  for  depreciation  of  plant.  The  particular  met liod  " 
adopted  is  not,  however,  of  such  prime  importance  as  the 
need  for  making  the  provision  .adequate.  Engineers,  like 
other  people,  are  in  danger  of  overlooking  the  needs  of 
to-morrow  by  their  anxieties  of  to-day.  If  they  can  keep  the 
concern  running  now  they  are  apt  to  pay  too  lilllc  atten- 
tion to  the  avoidance  of  difficulties  for  their  successors. 
It  is  impossible  of  course  to  have  a  healthy  continuing 
business  on  such  lines.  Engineers  are  well  acquainted 
with  the  principle  of  the  indestructibility  of  energy  and  of 
matter.  They  will  never  command  the  confidence  of  those 
who  can  finance  their  undertakings  unless  they  recognize 
the  theory  of  the  indestructibility  of  capital  and  make  due 
provision  for  wasting  assets.  It  is  not  always  easy  to 
estimate  the  physical  life  of  a  plant.  It  is  always  difficult 
to  estimate  its  economic  life,  and  it  is  the  engineer's  duty 
to  do  it,  but  not  to  settle  how  the  money  set  aside  to  main-  . 
tain  capital  int.act  is  to  be  dealt  witli. 

Mr.  V.  J.  MoKFtTT  :  In  the  section  headed  "  constant  Mr. 
maintenance  cost "  it  is  stated  that  "  the  renewal  of  each  ^' 
part,  as  it  is  required  in  turn,  is  provided  for  by  the  fund 
established  on  the  basis  of  the  equ.atcd  physical  life.  It  is 
therefore  clear  that  an  equated  life,  arranged  for  all  the 
plant,  provides  money  for  the  renewal  of  every  part."  I 
should  be  glad  to  know  whether  the  authors  propose  that 
a  physical  life  should  be  lixed  for  every  component  part  of 
an  individual  machine  and  that,  from  these  separate  physical 
lives,  an  equated  life  for  tlie  whole  machine  should  be 
arrived  at  in  order  to  c.alcul.ate  the  renewals  fund.  In  the 
case  of  a  continuous-current  generator  this  would  mean 
fixing  physical  lives  for  each  item  such  as  armature  core, 
pole-pieces,  yoke,  armature  winding,  lield  winding,  com- 
mutator, shaft,  bearings,  and  brushes.  If  this  system  be 
adopted  in  the  case  of  every  machine,  the  process  of  cal- 
culating the  equated  life  for  each  machine  would  be  some- 
what elaborate  and  the  allocation  of  the  proportion  of  the 
renewal  fund  due  for  the  renew.al  of  each  part  as  it  failed 
would  be  a  very  complicated  matter  for  the  management 
of  the  linn  or  their  accountants.  It  appears  to  me  tliat  a 
much  simpler  and  more  satisfactory  arrangement  would  be 
that  the  renewal  of  all  parts  such  as  brushes,  bearings, 
etc.,  which  wear  out  in  a  relatively  short  period,  should 
be  charged  to  m.aintenance.  It  would  be  a  compaM- 
tively  easy  matter  to  estimate  the  annual  cost  of  such 
renewals  and  add  this  amount  to  the  ordinary  maintenance 
cost. 

Dr.  C.  C.  (JARKARi)  :  This  paper  brings  home  the  i>r.  Garrar 
necessity  in  modern  times  of  accurate  co.st-keeping.  It 
is  rather  surprising  to  lind,  even  among  business  men,  a 
very  vague  idea  as  to  what  an  engineering  or  manufac- 
turing cost  is.  It  is  very  often  confounded  with  an  estimate, 
and  is  reg.irded  as  a  variable  quantity  which  can  be  altered 
at  will,  depending  upon  the  forniiil.i  or  method  of  calcu- 
lation u-ed.  This  view  is.  however,  entirely  wrong.  The 
cost  which  has  been  incurred  in  m.iking  a  ccilain  article 
or  in  carrviiig  out  a  certain  operation  is  a  fixed  and 
unalterable  amount.  The  cost  which  will  be  incurred  in 
repeating  the  work  may  well  be  different  ;  once  a  job, 
however,  is  completed  its  cost  for  that  occasion  is  fixed. 
It  may  be  difficult  to  find  out  what  the  actual  cost  wis, 
and  wc  mav  be  only  able  to  arrive  at  approximation*  of 
the  value  ;  but  this  value,  although  unknown,  is  essentially 
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Dr.  Garrard,  a  fixed  quantity.  All  proper  systems  of  keeping  costs  aim 
at  arriving  at  as  nearly  as  possible  the  correct  figure. 
This  question  of  cost-keeping  is  as  important  in  a  manu- 
facturing works  as  it  is  in  an  electric  supply  station  or 
telephone  system.  A  works  which  has  not  a  proper  cost- 
keeping  system  as  a  basis  for  its  official  accounts,  is  in  the 
same  position  as  that  of  a  retail  shopkeeper  who  does  not 
know  what  he  has  given  for  his  stock.  In  a  manufacturing 
works,  however,  the  running  costs  are  the  most  important, 
as  the  capital  costs  are  much  smaller  in  comparison. 
This  is  by  reason  of  the  fact  that  the  annual  turnover  is 
generally  several  times  the  amount  invested  in  plant. 
For  a  manufacturing  works,  therefore,  I  do  not  think 
the   rather  elaborate   method   of   arriving    at   the   annual 


capital  costs  given  in  the  paper  is  applicable.  Manufac-  Dr.  GarraK 
turing  being  essentialU'  speculative  it  is  necessar)-,  if  one 
is  to  be  safe,  to  err  on  the  cautious  side  and  to  allow  very 
much  more  for  depreciation  of  plant  than  is  theoretically 
necessary  having  regard  to  the  economic  life  of  the  plant. 
The  case  is  very  different  with  such  things  as  electric 
power  systems  and  the  like.  With  such  one  may  have,  say, 
;£2,ooo,ooo  invested  in  plant  with  an  annual  sale  of  elec- 
tricity of  only,  say,  ;£35o,ooo.  An  accurate  determination, 
therefore,  of  the  annual  capital  charges  is  absolutely  neces- 
sary to  settle  whether  the  concern  is  working  at  a  profit 
or  a  loss. 

(The  Authors'  reply  to  the  discussion  will  be  found  on 
page  226.) 


Further  Contribution's  to  the  Discussion. 


Ur  Dvkes  ^^^'  ^'  ^'  Dykes  {commiiiiicated)  :  It  is  due,  I  fear,  to  the 
want  of  clear  thinking  which  has  in  the  past  characterized 
so  manv  of  our  business  methods  that  even  now  there 
should  be  a  want  of  agreement  in  the  methods  to  be 
employed  in  arriving  at  a  correct  figure  for  depreciation, 
or  even  on  the  e.\act  scope  of  the  term  "  depreciation  " 
itself.  It  is  a  common  practice  to  enter  into  a  mainten- 
ance contract  with  the  makers  of  storage  batteries  who 
for  an  annual  payment  will  undertake  during  the  period 
of  the  agreement  to  provide  all  renewals  as  required  and 
keep  the  batter}'  always  up  to  its  full  specified  capacity. 
The  period  of  the  agreement  is  generally  10  years,  with  the 
option  of  extending  for  a  further  period  of  10  years.  It  may 
easily  happen  that  during  the  first  five  or  even  eight 
years  the  makers  do  not  spend  a  penny  on  the  cells,  but 
during  the  last  two  3'ears  maj'  renew  practically  the  whole 
of  them,  so  that  at  the  end  of  the  10  years  the  battery 
is  in  as  good  condition  as  when  new,  and  the  agreement 
is  entered  into  for  a  further  term  of  10  years.  In  several 
cases  the  auditors  have  placed  the  whole  of  the  annual 
payments  to  repairs  and  maintenance  account,  and  have 
then  stated  that  nothing  has  been  put  to  depreciation 
account,  thus  giving  a  false  impression  of  the  financial 
position  of  the  undertaking,  and  making  it  compare  un- 
favourably with  similar  undertakings  which  have  no 
maintenance  contract  and  have  spent  nothing  for  the  first 
five  years  on  their  batteries  but  will  inevitably  have  to 
renew  the  greater  part  of  the  plates  within  a  very  short 
time.  I  contend  that  a  payment  under  such  a  mainten- 
ance agreement  should  be  allocated  partly  to  repairs  and 
maintenance  and  partly  to  depreciation  account,  and  that 
a  company  which  enters  into  such  an  agreement  is  making 
a  contribution  to  depreciation  account  quite  as  much  as 
another  company  which  has  no  maintenance  agreement 
but  puts  by  a  definite  sum  per  annum  based  on  the 
expected  life  of  the  batter}'.  I  have,  however,  had 
difficulty  in  getting  auditors  to  see  this.  My  opinion  is 
that  a  depreciation  fund  should  provide  money  for  the 
replacing  of  the  plant  at  the  end  of  its  working  life, 
all  renewals  of  parts  during  that  life  coming  under  the 
heading  of  repairs  and  maintenance,  and  that  the  depre- 
ciation fund  should  make  no  provision  for  the  replacement 
of  old  but  still  usable  plant  by  improved,  more  economical 
units.  Any  money  required  for  this  latter  purpose  should 
come  out  of  a  reserve  or  improvements  fund,  or  from  new 


capital  or  loans  raised  for  that  specific  purpose,  the  charges  Mr.  Dyket. 
on  which  should  be  met  out  of  the  savings  effected  by  the 
new  plant  after  providing  for  any  outstanding  capital 
charges  on  the  old  plant  put  out  of  commission.  Many 
business  men,  however,  seem  to  consider  the  depreciation 
fund  as  an  "omnibus"  fund  to  cover  all  contingencies. 
When  it  is  pointed  out  that  the  sums  which  they  consider 
should  be  allocated  to  depreciation  will  by  the  time  the 
plant  is  worn  out  amount  to  a  sum  considerably  in  excess 
of  the  original  value  of  the  plant,  they  reply  that  they  like 
to  have  something  in  hand  and  that  thej'  may  want  to 
replace  it  before  it  is  worn  out. 

A  clear  understanding  of  the  principle  of  deprecia- 
tion is  important,  not  merely  when  estimating  the  value  of 
an  electricity  supply  undertaking,  but  also,  as  pointed  out 
by  the  authors,  when  considering  the  adoption  of  new  and 
improved  plant.  This  paper  is  therefore  especially  oppor- 
tune at  the  present  time  when  the  whole  nation  is  tak- 
ing stock  of  its  old  methods  and  bracing  itself  for  the 
strenuous  competition  which  will  follow  the  close  of  the 
War.  Electrical  engineers  can  justly  claim  to  have 
been  largely  instrumental  in  inaugurating  improved  and 
more  scientific  methods  of  measurement  in  engineering 
works,  and  it  may  be  that  the  authors'  paper  and  the  dis- 
cussion which  it  will  arouse  may  be  instrumental  in 
leading  to  more  accurate  methods  of  dealing  with  the 
depreciation  fund.  The  real  difficulty  is  that  in  many 
cases  the  commercial  men  and  auditors  do  not  clearly 
distinguish  between  the  depreciation  fund  and  the  reserve 
and  improvements  funds.  In  the  past  many  works  and 
manufacturing  businesses  have  left  the  question  of  the 
depreciation  on  their  engineering  plant  entirely  to  their 
auditors,  who,  without  in  many  cases  considering  very 
carefully  the  probable  life  of  the  plant  or  the  scientific 
principles  involved,  have  simply  written  off  10  per  cent 
per  annum,  the  interest  on  the  money  in  the  depreciation 
fund  going  into  the  general  business  (I  fear  that  not  many 
purely  electrical  undertakings  have  been  able  to  set  aside 
so  large  a  sum).  At  4  per  cent  interest  an  annual  payment 
of  ;i'io  would  form  a  sum  of  i,'ioo  in  something  under  nine 
years ;  it  is  therefore  evident  that  on  the  above  plan  long 
before  a  boiler,  an  engine,  or  a  system  of  underground 
mains  is  worn  out  its  capital  value  has  been  written  off 
and  it  stands  in  the  books  at  nothing.  "  A  very  good 
thing   too,"   I  fancy  I   hear   someone    say  :    but    there   is 
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ti  Dykn.  another  side  to  it  The  old  plant  may  be  antiquated, 
wasteful,  and  uneconomical,  but  if  it  were  proposed  to 
replace  it  by  new  plant  after  taking  out  the  running  cost 
and  the  cost  of  maintenance  of  the  new  plant,  lo  per  cent 
per  annum  would  be  added  for  depreciation,  with  the 
result  that  as  the  charges  on  the  old  plant  had  been 
already  written  off.  the  real  advantage  of  the  newer,  more 
economical  plant  would  be  obscured  and  a  very  fine 
excuse  provided  for  doing  nothing  and  letting  tlie  old 
plant  run  on. 

Take  as   a  concrete    case   a   works  having  an   engine 
costing  originally  £^5,000.     After  paying  all  running  cost, 
repairs,   maintenance,    and    insurance,   they  would  prob- 
ably  write  off    /'500   per   annum  for  the    first    10  years. 
If    at    the   end   of    20   years    a    propositi    were  made   to 
put  in  a  new  and  more  economical  engine  costing  also, 
s.-iy.  j£'5,ooo.   the  estimated   or  guaranteed    running  costs 
.1-1  cost  of  upkeep  of  which  showed  an  annual  saving  of 
iV.\  they   would   deduct    ^^500   per   annum   for   depre- 
ciation on  the  new  plant,  thus  showing  from  their  point  of 
view   a   saving  of   i.'j(oo   per   annum  only.     The  correct 
method,  as  the  authors  so  convincingly  show,  would  have 
been  as  follows  : — First  to  have  made  an  estimate  of  the 
probable  life  of  the  engine,  say  25  years.     At  4  per  cent 
compound  interest  the  annual  sum  required  to  produce  in 
25  years  ;^4.5oo,  the  original  less  the  scrap  value  of  the 
engine,  is  ;f  108.     If  this  sum  had   been  put  to  a  depre- 
ciation fund,  at  the  end  of  20  years  they  would  have  paid 
into  it    /r2,i6o,  which  M  4  per  cent  compound   interest 
would  by  that  time  have  amounted  to  ;f3,2i6,  the  plant 
thus   standing   in   the   books  at   £i,'/S^.     Assuming    the 
estimated  life  of  the  proposed  new  engine  to  be  25  years, 
the  amount  required  for  depreciation  would  also  be  ;f  108, 
and  as  the  saving  in  running  costs  was  estimated  at  i..8oo 
per  annum,  the   net   saving  by  putting  in  the  new  plant 
would   be   £>^x>  per  annum,  less,  for   5   years,   ;f  108,  the 
amount  still   to  be  paid  off  on   the  old  plant.     This  puts 
a  very  different  complexion  on   the  proposal,  and  shows 
clearly  the   necessity  for   adopting  correct   procedure  as 
regards  depreciation.     To  put  it  another  way,  if  the  firm 
in  the  first  instance  had  said:  "Although   i,'io8  is  theo- 
retically the  proper  sum  lo  put  to  depreciation  each  year, 
we  prefer  to  have  something  in  hand  for  contingencies  or 
possible  improvements  and  will  therefore  set  aside  10  per 
cent,  i.e.  X.^fx)  per  annum  for  10  years, '  then  after  placing 
/^lo8  per  annum  to  the  depreciation  fund,  i.392  per  annum 
should  have  gone  to  a  reserve  or  improvements  fund.     At 
the  end  of  10  years  this  latter  fund  at  4  per  cent  compound 
interest  would  have  amounted  to  ;^4.705,  the  interest  on 
which,  vi7..  £lHX,  would  have  been  more  than  sufficient  to 
pay  the  depreciation  fund  charge  of  /rio8  for  the  remain- 
ing   'S   years,   whilst    the  capital    sum   togetlier  with    the 
balance  of  the  interest  after  providing  the  ;f  108  would  at 
the  end  of  jo  years  have  been  more  than  sufficient  to  pay 
the  whole  co»l  of  the  new,  more  economical,  engine  with- 
out having  to  i.ike  from  the  general  business  fresh  capital 
for  that  purpose.      It  is  true  that  at   the  end  of  the  life 
of  the  plant  the  net  rcnult  to  the  firm's  business  as  a  whole 
tt,..,i,i  1.,.  (|,p  ,kj,„g  whichever  method  were  adopted,  but 
example  maket  il  clear,  I  think,  that  the  straight 
I,  in  failing  to  ilistingiiish   between 
and  by  not  cteclitingthe  (leprecia- 
lujtt  j;.i.i^uiit  uitli  iiitLTcttI  on  the  sums  paid  into  it,  con- 
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fuses  the  issues  and  renders  it  difficult  to  appreciate  exactly  Mr.  D\<n. 
the  benefit,  or  the  reverse,  of  any  proposed  change. 

Mr.  \V.  ScMOOLiXG  (communicalcil)  :  Perhaps  my  best  Mr. 
chance  of  making  a  useful  contribution  to  the  proceedings  ' 
is  to  show  how  the  identical  problems  with  which  engineers 
arc  concerned  have  been  solved  in  connection  witli  another 
business  with  which  engineers,  as  such,  have  little  to  do.  If 
it  is  once  granted  that  depreciation  is  a  financi.il  problem, 
it  m.iy  be  said  with  confidence  that  there  is  no  aspect  of  it 
which  has  not  been  dealt  with  successfully  in  connection 
with  life  assurance,  and  that  on  lines  which  are  universally 
accepted  as  correct  and  as  admitting  of  no  alternative 
procedure.  In  regard  to  plant  the  engineer  corresponds 
to  the  medical  examiner  for  life  assurance.  He  has  to 
estimate  the  duration  of  life.  It  is  true  the  medical 
examiner  has  at  his  disposal  tables  of  mortality  which 
embody  past  experience  and  give  the  probable  duration 
of  healthy  life  according  to  age  ;  but  the  doctor  has  to 
estimate  as  nearly  as  he  can  the  probable  deviation  from 
the  healthy  standard  due  to  family  history,  physical  con- 
dition, symptoms,  and  habit>  of  the  life  to  be  assured.  The 
engineer  on  the  other  hand  must  in  effect  construct  his 
mortality  table  of  the  plant  largely  on  the  basis  of  his  own 
experience,  although  I  can  imagine  that  a  small  cominitlec 
of  engineers  could  arrive  at  approximate  agreement  as  to 
the  probable  life,  pliysical  or  economic,  of  a  large  number 
of  different  types  of  plant.  Kvcn  without  the  extensive 
data  in  regard  to  the  dur.Uion  of  life  of  plant,  such  as 
exist  in  connection  with  human  lives,  the  engineering 
estimate  of  duration  of  life  is  to  a  great  extent  free  from 
the  extreme  fluctuations  which  are  exhibited  by  human 
mortality.  A  man  may  be  assured  to-day  and  die  to- 
morrow, or  he  may  live  to  l>e  a  centenarian  ;  but  when 
human  lives  are  dealt  with  on  an  extensive  scale  these 
extreme  fluctuations  in  length  of  life  are  completely  covered 
by  the  methods  .-idopfed  for  valuing  lives  or,  as  we  may 
put  it,  calculating  their  depreciation.  The  physical  life 
of  plant  erected  to-day  is  not  terminated  to-morrow  by 
depreciation.  It  may  be  destroyed  by  fire  or  accident, 
but  that  is  presumably  covered  by  insurance.  Even  the 
economic  life  of  plant  can  be  judged  with  far  greater 
accuracy  by  an  engineer  than  the  duration  of  an  ind1vidu.1l 
life  can  be  determined  by  a  doctor.  For  more  than  a 
century  il  has  been  recognized  that  the  annuity  or  sinking 
fund  method,  for  they  are  essentially  one  method,  is  the 
only  jMan  that  can  be  adopted.  It  is  theoretically  perfect 
and  complete,  and  has  received  the  most  practical  possible 
proof  of  efficiency  in  the  success  of  life  offices  which  arc 
the  safes!  financial  institutions  of  the  world.  Let  us  con- 
sider the  different  identities— for  they  are  much  more  than 
analogies— in  connection  with  engineering  plant  aad 
human  life.  The  sum  assured  under  a  life  policy  corre- 
sponds with  either  the  cost  of  new  plant  when  the  existing 
plant  dies  or  with  the  return  at  the  death  of  the  plant  of 
the  capital  originally  invested  in  it.  The  annual  cost  of 
depreciation  correnponds  to  the  aniui.d  premium  for  life 
assurance.  The  net  or  theoretical  preiniiim  for  life  assur- 
,incc  consists  of  two  portions,  one  of  which  is  set  aside 
and  accumulated  at  compound  interest  as  in  a  savings 
bank,  and  the  other  is  used  lo  pay  for  insurance  protection, 
for  an  amount  which  is  the  difference  between  the  sum 
assured  by  the  policy  and  the  accumulated  s.ivings  standing 
lo  the  credit  of  the  policy-holder  as  in  a  savings  bank.     A 
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man  pays  a  first  annual  premium  of  ;^30  for  a  policy  of 
;£ri,ooo.  If  he  dies  in  the  first  year  nearly  ^i,ooc  in  excess 
of  the  amount  standing  to  his  credit  is  paid  to  his  heirs, 
and  this  is  a  risk  strictly  akin  to  fire  insurance,  towards 
the  payment  of  which  the  whole  body  of  the  policy- 
holders contribute.  The  risk  and  consequently  the  cost 
of  the  protection  is  great  at  old  ages  and  small  at  young 
ages.  The  system  provides  complete  facility  for  dealing 
with  either  large  or  small  chances  of  the  sudden  termination 
of  life.  In  connection  with  engineering  plant  the  chance  of 
a  sudden  termination  of  life,  excluding  fire  or  accident,  is 
extremely  small,  whether  we  are  dealing  with  the  physical 
or  the  economic  life  ;  but  the  principle  is  in  close  corre- 
spondence with  that  of  life  assurance,  which  provides  a  sink- 
ing fund,  or  accumulating  savings  bank  deposits,  for  the 
purpose  of  meeting  a  claim  at  the  termination  of  the  life. 

Another  class  of  contract  into  which  life  assurance  com- 
panies enter  consists  of  pure  endowments,  or  leasehold 
policies,  or  as  they  are  sometimes  called  sinking  fund 
policies.  Here  the  term  is  definitely  fixed  :  in  return  for, 
say,  20  annual  premiums  the  life  office  undertakes  to  pay 
a  specified  sum  at  the  end  of  20  years,  and  at  no  other 
date.  Engineering  plant  has  a  nature  that  is  intermediate 
between  leasehold  policies  on  the  one  hand  and  life 
policies  on  the  other.  The  duration  of  the  life  of  a  plant 
cannot  be  exactly  determined  like  that  of  a  lease  or  a 
debenture  issue  ;  but  on  the  other  hand  it  can  be  much 
more  closely  estimated  than  the  life  of  a  human  being. 
Life  offices,  however,  adopt  identical  methods  for  dealing 
with  the  precisely  known  duration  of  a  lease  and  the 
vaguely  known  duration  of  an  individual  life.  So  far  as 
I  am  aware  there  has  at  no  time  existed  even  a  crank  who 
disputed  the  fitness  and  the  necessity  of  the  life-assurance 
method  of  making  financial  provision  for  payment  at  the 
end  of  the  fixed  life  of  a  lease  or  at  the  end  of  the  uncertain 
life  of  an  individual.  Engineering  plant  is  in  between 
these  two,  the  life  being  less  definite  than  the  one  and 
more  definite  than  the  other,  and  I  cannot  but  think  that, 
if  engineers  had  made  themselves  acquainted  with  the 
methods  of  life  offices  in  this  connection,  there  would 
have  been  no  room  for  a  discussion  as  to  the  methods  to 
be  adopted  for  calculating  depreciation  when  once  the 
necessary  data  were  supplied  by  the  engineers.  We  may 
talk  of  the  average  duration  of  the  life  of  plant  being  19 
years,  the  period  used  by  the  authors ;  but  it  is  improbable 
that  all  items  of  plant  of  the  same  kind  will  come  to  an 
end  like  the  "  one-hoss  shay "  at  an  exact  date.  We 
maj-  assume  that  some  may  die  sooner,  and  some  survive 
longer  than  the  estimated  length  of  life.  In  the  absence 
of  any  special  knowledge  on  the  subject  we  ma)'  fairly- 
work  on  probability  figures,  and  if  we  reckon  that  the 
depreciation  is  spread  over  a  period  of  seven  years  we 
should  expect  some  such  results  as  the  following  : — 
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We  can  extend  or  shorten  the  period  during  which  the  Mr. 
lives  of  the  different  items  of  plant  come  to  an  end,  and  S'''°°"'>e- 
thus  arrive  at  a  curve  corresponding  with  that  of  Fig.  7  tn 
the  paper.  It  might  well  be  that  some  preliminary  period 
could  be  reckoned  upon  during  which  there  would  be  no 
cessation  of  life,  and  a  subsequent  period  bej-ond  which 
no  plant  would  survive.  The  annual  cost  of  the  deprecia- 
tion in  such  a  case  would  take  account  of  this  varying 
plant  mortality  and  could  not  accurately  be  calculated  on 
the  mere  average  life  of  plant  of  a  particular  type. 

If  the  life-office  example  were  followed,  the  various 
items  of  plant  would  be  valued  in  groups,  and  for  each 
item  in  each  group  a  premium,  or  annual  payment  for 
depreciation,  should  be  made.  When  an  item  came  to  an 
end  its  replacement  value,  less  its  scrap  value,  would  be 
a  claim  on  the  depreciation  fund,  and  no  more  annual 
payments  would  be  made  on  account  of  that  item  of  plant. 
When  a  new  item  of  plant  was  introduced  into  a  group 
it  would  commence  to  pay  a  premium  just  like  a  new 
policy-holder  in  a  life  office.  If  it  were  thought  a  prudent 
measure,  it  could  be  arranged  that  the  cost  of  plant  should 
be  paid  for  by  the  end  of  a  fixed  period,  or  at  the  cessation 
of  its  life  if  previous,  thus  providing  an  exact  analogv  with 
endowment  assurance.  The  total  amount  of  the  deprecia- 
tion fund  would  be  easily  ascertained,  since  it  would 
increase  by  the  depreciation  payments  for  the  various 
items,  together  with  interest,  and  would  decrease  by  the 
claims  for  replacement  after  deducting  the  scrap  value. 
It  seems  to  mc  that  there  can  be  no  doubt  that  this  is  the 
rational  and  accurate  way  of  dealing  with  the  subject,  but 
it  is  not  practically  possible  to  adopt  this  method,  any  more 
than  it  is  practically  possible  to  conduct  the  business  of 
life  assurance  without  the  use  of  tables.  The  valuation 
tables  required  for  engineering  plant  would  be  of  an 
exceedingly  simple  character,  and  with  their  help  the 
proper  annual  charge  for  depreciation  would  be  simply 
and  easily  determined,  and  the  amount  in  the  depreciation 
fund  could  be  quite  quickl)'  ascertained.  The  diagnosis 
that  the  engineer  would  have  to  make  would  practically 
amount  to  that  of  the  average  lifetime,  accompanied  by 
an  estimate  of  the  period,  less  and  greater  than  the  average, 
during  which  the  lives  would  come  to  an  end.  In  actual 
fact  a  problem  far  more  difficult  and  complicated  than 
anything  with  which  engineers  have  to  deal  has  been  com- 
pletely solved  in  connection  with  life  assurance.  There 
the  conditions  of  the  problem  are  extremely  complex  :  in 
engineering,  by  contrast,  they  are  the  quintessence  of 
simplicity,  and  I  venture  to  submit  that  engineers  will  not 
have  applied  to  this  important  question  of  depreciation 
the  scientific  methods  and  the  system  of  standardization 
from  which  in  other  directions  they  derive  such  great 
advantages,  until  they  have  applied,  in  a  vastly  simplified 
wa}-,  the  methods  which  have  been  established  in  life 
assurance,  and  which  have  been  proved  by  long  e.xperience 
to  be  incontestably  sound.  In  conclusion,  I  would  say 
that  I  am  in  complete  agreement  with  the  paper,  except 
that  I  would  extend  the  "  sinking  fund  "  method  to  what 
may  be  called  the  "  life  assurance  "  method,  by  providing 
for  a  fluctuation  period  each  side  of  the  average  during 
which  the  lives  of  plant  come  to  an  end. 

(The  .Authors'  reply  to  the  discussion  will  be  found  on 
page  226.) 
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Utan  CM       Mcr^TS.  F.  GiLL  and  W.  W.  Cook  (in  repiv  to  Ihe  dis- 

.'*<■  Yorkihirt,  Mauiliatfr,  and  liirmiiigliam 
:  Many  of  the  questions  raided  in  the  dis- 
cus!>ions  before  the  Local  Sections  have  already  been 
dealt  with  in  our  reply  to  the  London  discussion,'^  and  in 
replying  to  the  further  points  we  have,  as  far  as  possible, 
adopted  a  similar  method  of  treatment.  We  have  not 
referred  specially  to  many  of  the  speakers  who  supported 
our  \-icws,  hut  wc  have  tried  to  reply  to  all  important 
criticisms  of  the  principles  advocated,  with  the  exception 
of  some  consi^-tinj;  of  mere  assertions  unsupported  by 
reasoned  ar)<umcnls. 

^>ucstions  have  been  raised  reRardinj;  the  necessity  for 
equated  lives,  and  whether  it  is  not  suflicicnt  to  ascertain 
the  amounts  payable  to  each  fund  for  each  sub-class.  Of 
course,  il  the  amounts  for  all  the  sub-classes  arc  ascer- 
lamed  the  total  is  the  sum  required,  but  it  is  often  very 
inconvenient  to  refer  to  the  matter  in  this  detailed  wav. 
In  a  complex  plant  there  may  easily  be  30  or  more  sub- 
.h  with  its  physical  and  economic  lives,  and  it 
.y  easier  in  such  a  case  to  refer  to  the  funds  as 
,  based  upon  the  equated  lives  of,  say,  19  and  25 
.  than  to  give  each  of  the  separate  lives,  or  contri- 
butions, resulting  from  the  individual  items.  In  view  of 
the  space  devoted  in  the  paper  to  the  difference  between 
average  and  equated  lives  it  is  somewhat  surprising  that 
we  should  be  asked  for  a  fuller  explanation,  and  still  more 
surprising  that  because  wc  insist  on  this  difference  wc 
should  have  been  accused  by  Mr.  Beckett  of  having  got 
confused.  The  equated  life  in  Table  10  is  not  5-66  years, 
but  is,  as  stated,  375  years  ;  it  cannot  be  disputed  that 
£7^'^3  per  annum  is  required  and  if  the  life  were  calcu- 
lated at  5-66  years  only  ;f47io  would  be  provided,  whereas 
a  fund  calculated  on  the  bassis  of  375  years  will  make 
adequ.ite  provision,  as  shown  in  Table  1 1. 

As  to  the  case  of  a  storage   b.itlcry  where   there   is  a 
contract    to   maint.iin   and   renew   it  ;   provided    that   the 
cannot   relinquish    his   contract   except    when 
I  V  is  in  100  per  cent  condition,  apparently  such 

a  battery  is  provided  against  renewals  during  physical 
life,  and  the  value  of  the  battery  plus  the  transferable 
contract  is  always  100  per  cent.  If  the  contractor  can 
give  up  the  contract  when  the  battery  is  not  in  icxj  per 
cent  condition,  provision  to  meet  that  degree  of  depre- 
ciation IS  re<|uircd  in  the  renewals  fund.  The  extent  to 
which  renewals  13  covered  depends  on  the  contract  ; 
omc  provision  for  renewals  is  included  in  the 
1  lent  to  the  battery  contractor,  and  this  portion 

IS  not  a  maintenance  charge  ;  it  seems  clear  also  the 
improvements  fund  is  not  provided  for  by  such  a  contract. 
It  is  Mid  that  owing  to  renewals  being  sometimes 
carried  out  in  portions,  the  cost  of  renewing  will  be 
Kreatcr  than  that  of  original  construction,  and  so  there 
^    '  "U'l  in  the  fund  for  the  purpose.     Hut  the 

i  f>n  Ihe  iieccssilv  of  using  the  real  data  in 

'  '•  case  above  postulated  obviously  the 

•'  '•   be  accuniul.ited  in  the  fund  is  made 

lie  first  COM,  (hi  the  additional  amount  depcn- 
'I  ,        piecemeal  renewal  ^if  of  sufficient  magnitude 

to  be  brought  into  the  calculation),  Icm  (r)  the  residual 
V.I  ,0      xhi*  I*  tomcwhat  analogous  to  the  case  of  plant 
i;  more  to  remove  at  the  end  of  life  than  the  materials 
•  !•««  i<»7. 


are  worth,  resulting  in  a  negative  residual  value,  as  illus-  iieHn  Gi 
trated  in  Table  li,  sub-class  C.  aadCook. 

The  question  whether  the  contributions  to  the  "im- 
provements fund "  are  properly  part  of  annual  charges 
has  been  raised  by  several  speakers,  and,  as  it  is  a  very 
important  point,  it  is  necessary  to  deal  with  it  at  some 
length. 

Taking  the  case  of  plant  having  the  agreed  lives  and 
residual  values  used  in  Tables  i  to  9,  and  supposing  that 
it  is  owned  by  one  person  and  operated  by  another,  what 
would  be  a  proper  rental  to  charge  for  the  use  of  it  ?  If 
the  improvements  fund  is  no  part  of  annual  charge  it  is 
clear  that  any  contribution  to  such  a  fund  should  not  be 
included  in  the  rental,  and  the  annual  capital  charges  will 
be  as  given  in  Table  S,  ^.'705  per  annum. 

At  the  end  of  19  years  (the  economic  life)  the  lessee,  if 
the  conditions  of  the  contract  permit,  will  terminate  the 
contract  and  the  lessor  will  have  on  his  hands  plant,  stand- 
ing in  his  books  at  i:ioo  — (^20533  x  30-539)  =:i:37-29,  • 
which  can  only  be  sold  for  its  residual  value  ;^I3.  If  the 
rental  had  been  fixed  on  the  economic  life  of  19  years,  it 
would  have  been  i.785  per  annum  and  at  the  end  of  the 
term  the  plant  would  have  stood  at  ^^13,  its  residual  value. 
It  follows  that  the  owner  must  cither  insist  on  having  an 
agreement  extending  over  the  physical  life  of  the  plant, 
that  is  25  years  at  i.705  per  annum,  or  must  offer  an 
alternative  for  a  term  of  19  years  at  ;^7  S5  per  annum. 
The  lessee  has  now  the  choice  of  three  alternatives  :  (1)  to 
pay  ^785  per  annum  and  at  the  end  of  the  19  years  be 
in  a  position  to  rent  new  plant  which  will  turn  out  work 
on  competitive  terms  ;  (2)  to  pay  £'j'os  to  the  owner  and 
make  a  provision  of  ;t"o'8  on  bis  own  account  which  will 
make  him  equally  safe  ;  or  (3)  to  pay  £to>,  per  annum  for 
19  years  and  continue  to  pay  this  rental  from  the  end  of 
the  19th  year  to  the  end  of  the  25th  year  out  of  savings 
effected  by  new  plant,  although  the  old  plant  is  no  longer 
in  use.  In  all  these  ciscs  the  rental  must  come  out  of 
revenue,  and  in  the  last  case  the  lessee  is  not  on  equal 
terms  with  possible  competitors  and  is  not  in  a  •tinaii- 
cially  sound  position,  as  his  assets  are  not  equal  to  his 
liabilities. 

One  of  the  arguments  put  forward  in  favour  o(  pro- 
viding for  the  wastage  by  raising  new  capital  is  that  the 
method  advocated  in  the  paper  puts  an  unf.iir  burden  on 
present  shareholders  and  that  future  shareholders  will 
reap  the  bcneht  of  the  savings  effected.  One  answer  is 
that  the  price  of  the  product  may  have  to  be  reduced 
either  by  competition  or  by  inability  to  justify  the  charge 
by  demonstration  of  costs  ;  but  apart  from  this,  it  can  be 
shown  that  the  wasl.ige  cannot  be  distributed  among  those 
who  arc  alleged  to  get  the  benefit  unless  the  critics 
abandon  the  theory  that  the  provision  for  wastage  is  no 
part  of  annual  costs.  If  the  wast.igc  is  to  be  written  off 
during  the  physical  life  of  the  older  plant  Ihe  particular 
shareholders  from  the  20th  to  the  25th  years  will  be  too 
heavily  mulcted  ;  if  it  is  written  off  over  the  physical  life 
of  the  new  plant,  Ihe  deficit  will  become  larger  and  l.lrger 
each  cycle,  and  if  it  is  written  off  over  the  economic  life 
the  principles  laid  down  in  the  paper  arc  followed,  while 
in  all  three  cases  the  charge  is  included  among  annual 
costs.  To  be  consistent  Mr.  Beckett  must  exclude  in- 
surance premiums  from  annual  charges  if,  as  he  slates, 
"  it  is  certainly  not  true  accounting  to  chaigc  against  the 
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ssrs.  Gill    plant  for  any  period  more  than  has  been  taken  out  of  the 
I  Cook,     pijnj  witliin  that  period  in  earning  the  revenue. " 

Some  misunderstanding  has  arisen  over  the  difference 
between  the  residual  values  at  the  end  of  economic  and 
physical  life.  Some  have  contended  that  no  such  differ- 
ence exists,  and  others  that  the  difference  is  too  great.  In 
Table  12  it  will  be  noticed  that  we  gave  examples  of  three 
sub-classes  of  plant  A,  B,  and  C.  .In  A  the  difference  in 
residual  values  is  great,  but  in  B  and  C  there  is  no  differ- 
ence at  all,  and  as  we  were  dealing  with  principles  only, 
we  thought  that  this  treatment  would  show  that  every  case 
should  be  examined  and  the  facts  ascertained.  In  a  com- 
plex structure  it  will  often  be  found  that  when  the  structure 
is  taken  out  of  service  many  of  the  component  parts  can 
be  used  again,  and  of  course  this  must  be  taken  into 
account. 

As  we  stated  in  the  paper  all  the  tables  are  illustrative 
only,  and  we  expressly  disavowed  any  intention  of  setting 
up  standard  rates,  but  wc  are  afraid  that  more  than  one 
critic  has  not  fully  appreciated  the  fact  that  throughout  the 
paper  we  dealt  with  principles  only. 

Dr.  Cramp  has  given  some  general  formulae  which  may 
be  of  assistance  to  those  interested  in  the  mathematical 
treatment  of  the  subject  and  Equation  (2)  for  obtaining 
the  reducing  balance  percentage  is  in  a  very  convenient 
form.  With  reference  to  Col.  D  in  Table  6,  we  think 
the  correct  formula  is  (100  — S)  (R  — i)/(R"  —  i),  but  in 
practice  all  the  figures  with  the  exception  of  those  dealing 
with  the  reducing  balance  metliod  can  be  obtained  from 
well-known  books  of  tables  such  as  Inwood's. 

Dr.  Cramp's  opinion,  that  in  attacking  the  straight  line 
method  we  have  erected  an  anachronism  for  the  sake  of 
knocking  it  down,  will  hardly  be  shared  by  those  interested 
in  electric  light  undertakings  working  under  Provisional 
Orders  who  are  aware  of  the  fact  that  it  is  the  method 
which  has  always  been  followed  in  sales  governed  by 
"  tramway  terms." 

We  fail  to  see  any  justification  for  his  remark  that  we 
have  treated  annual  cliarges  as  though  they  consisted  of 
operating  costs  alone,  and  a  reference  to  "  annual  charges  " 
on  page  138  is  sufficient  to  disprove  this  statement. 

Mr.  Dykes  gives  a  very  useful  illustration  of  how  a  wrong 
method  may  tend  to  retain  really  uneconomic  plant  in 
service.  The  wrongness,  as  he  points  out,  lies  in  assuming 
that  because  plant  stands  in  the  books  at  a  certain  figure 
(arrived  at  by  means  of  merely  convenient  writings-off), 
that  figure  is  in  fact  its  value,  whereas  of  course  the  two 
are  entirely  separate  and  the  value  must  be  ascertained 
independently.  This  real  value  is  required  in  a  scrapping 
calculation  regardless  of  how  the  plant  has  been  written 
down  in  the  hooks. 

Mr.  Lackie  in  his  example  does  not  give  figures  to  enable 
us  to  follow  him  completely ;  we  fancy,  however,  that  it 
contains  a  similar  assumption,  viz.  that  because  the  plant 
has  been  written  down  to  £-j,ooo,  that  figure  is  the  value 
of  the  plant  to  be  scrapped.  Willi  regard  to  this  being  a 
paying  proposal,  we  should  like  to  see  the  figures  set  out  as 
in  Mr.  Byng's  illustration  on  page  159.  We  assume  Mr. 
Lackie  has  calculated  the  saving  of  ;^20,ooo  per  annum  in 
coal  for  only  that  part  of  the  6,000  kw.  which  represents 
the  replacement,  i.e.  1,500  kw.,  since  there  is  probably  little 
saving  to  be  claimed  in  respect  of  the  additional  4,500  kw. 
which  is  new  plant  and  does  not  replace  anything. 


Mr.  Plummer  mentions  that  the  Post  Office  now  makes  Messrs.  Giu 
use  of  economic  selection  as  advocated  in  the  paper  ;  this 
was  to  be  expected,  bearing  in  mind  the  recent  influx  of 
men  into  the  Department  who  had  been  accustomed  to 
those  methods.  He  does  not  say  whether  in  these  cal- 
culations the  Post  Office  uses  the  straight  line  as  in  their 
commercial  accounts,  or  the  sinking  fund  method.  But 
since  the  paper  was  re.id  there  has  appeared  a  Report  of  a 
Committee  (which  included  some  of  the  highest  officers  of 
the  Department)  on  High-speed  Telegraphy,  and  in  .Appen- 
dix C,  Schedules  2  and  3,  there  are  forms  for  ascertaining 
the  total  costs  for  the  purpose  of  comparing  rival  systems 
of  high-speed  telegraphs.  The  method  there  set  up  of 
computing  depreciation  is  the  sinking  fund  method.  We 
thus  have  the  contrast  that  when  the  Department  desires  to 
get  accurate  costs  it  adopts  the  sinking  fund  method,  while 
when  it  wants  to  present  its  accounts  it  adopts  the  straight 
line  method  because,  as  Sir  Charles  King  says,  "  {a)  it  is  the 
safer  course,  and  {b)  it  is  simple"  ;  a  very  good  example  of 
the  engineer  and  the  accountant  working  on  different  lines. 

We  rather  think  Mr.  Plummer  has  not  gone  far  enough 
in  regard  to  the  increasing  cost  of  maintenance,  and  we  do 
not  believe  he  can  show  the  effect  in  reahly.  We  are  quite 
prepared  to  admit  cyclic  maintenance  costs,  as  for  e.xample 
in  the  case  of  painting  referred  to  in  the  paper,  or  in  the 
case  he  mentions  of  tightening  stays,  but  we  do  not  believe 
it  can  be  shown  that  apart  from  renewals  there  are  good 
grounds  for  asserting  that  the  maintenance  cost  is  a  func- 
tion of  the  age,  or  that  there  is  an  increasing  frequency  of 
maintenance-cost  cycles. 

A  few  speakers  have  considered  that  too  much  attention 
was  devoted  to  an  examination  of  the  straight  line  method 
and  too  little  to  the  reducing  balance  method.  The  only 
occasion  when  the  reducing  balance  plan  is  favoured, 
even  by  its  supporters,  is  in  the  assessment  of  profits,  and 
any  attempt  to  use  this  method  on  any  of  the  other 
occasions  referred  to  in  our  reply  to  the  discussion  in 
London  is  quite  out  of  the  question. 

Mr.  Platts  says  that  he  has  frequently  advised  an  initial 
depreciation  of  25  to  33^  per  cent  immediately  on  the 
installation  of  plant,  but  we  do  not  think  that  anyone 
would  care  to  sell  on  this  basis  the  next  day. 

Mr.  Walton  justifies  the  method  on  the  plea  of  main- 
tenance increasing  with  age,  but  apart  from  the  fact  that 
we  think  that  maintenance  is  often  confused  with  renewals, 
we  may  refer  to  the  last  sentence  under  constant  main- 
tenance cost  on  page  153  of  the  paper. 

A  question  has  been  raised  as  to  the  extent  to  which 
separate  lives  have  to  be  assigned  to  component  parts  of  a 
machine.  It  will  generally  be  found  that  many  of  the 
component  parts  can  be  grouped  together  according  to 
their  lives  so  that  the  number  of  separate  lives  is  not  so 
great  as  might  be  expected,  but  when  applying  any  con- 
sistent system  it  is  essential  to  study  the  matter  in  detail  to 
avoid  either  double  provision  under  the  headings  of  depre- 
ciation and  maintenance,  or  of  making  no  provision  at  all 
under  either  heading.  In  practice  it  will  be  found  that 
the  knowledge  gained  from  each  particular  case  studied 
in  detail  becomes  increasingly  useful  in  ascertaining  how 
far  it  is  necess.-iry  to  go  to  secure  substantial  accuracy. 

Replying  to  Mr.  Whysall's  question,  we  assume  the 
following  data:  first  cost  ;£io,ooo,  residual  value  nil,  value 
of  money  5  per  cent  per  annum,  physical  life  of  plai.t 
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Goi  30  )rear$,  economic  li/e  not  treated,  authorized  loan  period 
;o  ycAis,  actual  loan  periods  5  years.  It  will  be  seen  that 
provision  in  respect  of  the  expired  life  of  the  plant  and 
provision  for  the  repayment  of  the  short  period  loans  are 
holh  involved. 

The  contribution  to  the  renewals  fund  during  each  of 
the  first  five  years  will  be  ^Tisi  per  annum,  based  on 
_:|o  years'  life,  and  with  interest  will  amount  to  £'832  at  the 
end  of  the  fifth  year  ;  at  this  sl.igc  a  new  loan  of  ^^9,168 
would  have  to  be  borrowed,  which,  with  the  amount  of 
I  ."<??  in  the  renewal  fund,  would  pay  off  the  origin:il  loan 
and  leave  ;£r9,i<>8  as  the  capital  for  the  next  five  years.  In 
this  next  period  of  five  years  the  contribution  to  renewals 
would  l>e  ;i'i93  per  annum  based  on  25  years'  remaining 
life,  and  at  the  end  of  this  period  ;£8,io7  would  liavc  to  be 
borrowed,  which  added  to  £ri,o6i  (the  amount  then  in  the 
fund)  would  repay  the  loan  of  £^,i(>S  and  leave  £^8,107  as 
the  capital  for  the  next  5  years.  This  process  would  be 
continued  for  each  5  years  and  at  the  beginning  of  the  last 
period  of  five  years  the  capit.-il  would  thus  stand  at  £2,816, 
the  Contribution  to  the  renewals  fund  would  be  i^Sio  per 
.innum.  based  on  5  years'  remaining  life,  and  at  the  end  of 
the  30th  year  the  fund  would  be  ^£'2,816,  thus  extinguishing 
the  last  loan,  leaving  the  owner  at  that  date  with  exhausted 
plant  of  no  residual  value,  no  assets,  and  a  clean  credit  on 
which  to  borrow  again.  The  effect  of  this  is  that  every 
5th  year  the  position  is  adjusted  to  what  it  would  have 
been  had  the  annuity  method,  illustrated  in  Fig.  5,  been 
followed,  and,  as  in  that  case,  the  increase  in  charge  for 
renewals  is  exactly  counterbalanced  by  the  reduction  in 
the  money  required  for  return  on  capital. 

Mr.  Schooling's  contribution  regarding  life  assurance 
methods  is  very  much  to  the  point.  As  he  shows,  the 
diflicultics  in  engineering  arc  small  compared  with  those 
of  life  assurance,  and  his  remarks  seem  to  be  a  complete 
answer  to  those  who  have  assumed  difficulties  with  the 
business  man  and  complicated  Iwok-keeping  and  cal- 
culation. 

With  regard  to  the  provision  for  a  fluctuation  period 
each  side  of  the  average  life,  this  may  cause  serious  errors 
if  the  plant  is  not  properly  subdivided,  but  if,  as  we 
recommend,  subdivision  is  practised,  we  then  think  the 
error  in  the  case  of  renewals  is  a  minor  one,  as  shown 
in  Fig.  7,  where  the  equated  life  is  29  years  as  against 
.1-  life  of  2875  years.      This  point  is  of  greater 

ill  the  case  of  economic  life,  and  the  extent 


to  which  it  may  be  necessary  to  allow  for  it  will  depend  Uem 
on  the  data  available  in  each  case.  "*' 

.  The  reference  to  assurance  companies'  practice 
strengthens  our  contention  with  regard  to  constant  re- 
vision of  data,  as  the  mortality  tables  now  in  use  have 
only  rcachc<l  the  present  state  by  patient  and  sustained 
investigation,  and  it  is  certain  that  if  a  definite  basis  had 
not  been  adopted  in  the  early  d.iys,  the  s.^me  results  could 
not  possibly  have  been  achieved. 

Many  of  the  contributors  to  the  discussion  have  attacked 
the  problem  from  the  standpoint  of  what  it  is  customary 
or  convenient  to  provide  against  depreci.ition.  But  it 
seems  to  us  that  this  is  altogether  a  secondary  phase. 
Let  us  first  ascertain  what  is  the  real  cost  irrespective 
of  any  bias  for  or  against  any  particular  method, 
before  discussing  the  advisability  of  making  more  or 
less  provision  and  the  means  of  doing  so  under  any 
particular  circumstances.  No  one  would  say  that  the 
amount  to  be  charged  in  respect  of  fuel  should  depend 
on  the  result  of  the  year's  working,  and  if  Mr.  Pearce  is 
right,  as  we  think  he  is,  in  s.iying  that  depreciation  is  as 
much  a  working  cliarge  as  fuel,  surely  some  care  should 
be  given  to  its  accurate  ascertainment.  Dr.  Garrard  sums 
up  the  matter  most  clearly  in  words  that  deserve  special 
notice  when  he  says  "  The  cost  which  has  been  incurred 
in  making  a  certain  article  or  in  carrying  out  a  certain 
operation  is  a  fixed  and  unalterable  amount.  ...  It  may 
be  difficult  to  find  out  what  the  actu.al  cost  was,  and  we 
may  be  only  able  to  .irrive  at  approximations  of  the  v.ilue, 
but  this  value,  although  unknown,  is  essentially  a  fixed 
quantity."  By  the  constant  revision  of  all  data  (an  im- 
portant part  of  the  method  advocated  in  the  paper), 
approximations  will  approach  more  and  more  nearly  to 
the  actual  costs.  Lord  Kelvin's  words  '■  have  an  appro- 
priate bearing  on  this  as  on  so  many  other  subjects.  "  I 
often  say  that  when  you  can  measure  what  you  are  speaking 
about,  and  express  it  in  numbers,  you  know  something 
about  it  ;  but  when  you  cannot  measure  it,  when  you 
cannot  express  it  in  numliers,  your  knowledge  is  of  a 
meagre  and  unsalisf.ictory  kind,  it  m.iy  be  the  beginning 
of  knowledge,  but  you  have  scarcely,  in  your  thoughts, 
advanced  to  the  stage  of  science,  whatever  the  matter 
may  be." 

•  l.cclurc  on  "  Elrctrical  I'nit*  of  Measurements,"  delixtnrd  »l  The 
Institution  of  Civil  Engineers  ("  The  Pracln.-al  Applications  ol 
Electricity,"  1883,  p.  I4<>). 
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Western  Local  Section,  5  February,  1917. 


Mr.  \V.  A.  Chamex  :  This  paper  has  already  been  well 
discussed  and  there  is  very  little  left  to  be  said,  but  per- 
haps   some    considerations    regarding    the    question    of 
changing  over  the  periodicity  of  one  system  to  suit  that    1 
of  another  may  be  useful.'   It  is  obvious  that  such  a  course    | 
is  always  desirable  in  the  interest  of  simplicity  and  of  the 
highest  efficiency,  and  in  many  cases  no  doubt  it  is  quite 
a  possible  and  proper  course  to  adopt,  but  in  the  case  of 
a  supply  undertaking   having  a   considerable  number  of 
large  consumers,  many  of  which  are  collieries,  the  problem 
is  exceedingly  difficult,  if   not   impossible,  and   the   cost 
prohibitive.     New  plant  would  have  to  be  installed  in  the 
power  station  before  the  original  plant  could  be  put  aside. 
So  far  as  the  plant  is  concerned  it  might  be  possible  to 
change  it  over  piecemeal,  and  it  might  even  be  possible 
to  follow  the  same  course  with  regard  to  the  main  switch- 
board, which  is  usually  duplicated  as  regards  the  busbars, 
so  that  the  new  plant  could  deliver  to  one  set  of  busbars 
while  the  old  plant  could  deliver  separately  to  the  other. 
But  the  real  difficulty  would  arise  in  dealing  with  feeders, 
upon   which   perhaps   several    large   consumers   may   be 
grouped  together.     The  periodicity  of  supply  to  all  these 
consumers  must  obviously  be  changed   at   one  and   the 
same   time,  which   means   that   the   consumers    must   be 
dealt   with   simultaneously.     The    worst   difficulty   of   all, 
however,  is   in  connection   with  the  consumers'  installa- 
tions.    Motors  of  the  new  periodicity  would  have  to  be 
provided  in  readiness  for  the  change,  and  in  many  cases 
it   would   be   impossible   to   get   these   motors    delivered 
below  ground  and  transported  to  their  various  destina- 
tions at  the  same  time  that  the  old  motors  were  being  taken 
out,  except  by  arranging  for  periods  of  shut-down  of  such 
duration  as  no  colliery  would  be  likely  to  be  able  to  bear. 
It  would  involve  practicallj'  the  construction  of  duplicate 
engine-houses  or  pump-houses   underground   so  that  the 
new   plant   could   be  erected   before   the  periodicity  was 
changed.     The  time  taken  to   carry  out  such  operations 
and  the  cost  of   them   would   clearly  be   prohibitive.     It 
must  be   remembered  that   the   transport  of  motors  and 
other  heavy  machinery  along  the  underground  roads  must 
all  be  arranged  and  carried  out  in  such   a   way  as   not 
to  interfere  with  the  ordinary  working  of  the  mine,  and 
this  in  itself  would  be  the  cause  of  very  serious  delay.     It 
may  be  taken,  therefore,  that  the  question  of  changing  over 
the  periodicity'  of  an  e.xtensive  system  of  supply  is,  practically 
speaking,  quite  impossible.     It  follows  then,  that  in  cases 
of  the  linking  up  of  power  stations  running  at  different 
periodicities,  we  should   be   often   driven   to  the   use  of 
frequency  changers  ;   and  all  questions   relating  to  them 
therefore   become   of   great  interest   and   importance.     I 
know  of  one  instance  of  linking  up  of  power  stations  of 
different  frequencies,  where   energy  is   sometimes  trans- 
mitted in  one   direction   and   sometimes  in  the  other,  in 
which   it    has    been   thought   necessary   or   desirable    to 
•  Paper  bv  Mr.  J.  S.  Peck  (see  pages  6i  .->nd  175). 
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construct  the  frequency  changers  with  motor  ends  of  the  Mr. 
induction  type  and  with  generator  ends  of  the  synchronous 
type,  coupling  one  in  the  one  direction  and  the  other  in 
the  opposite  direction,  so  that  the  induction  end  should 
always  be  the  motor  in  one  or  other  of  the  sets,  according 
to  the  direction  in  which  the  load  is  being  transmitted. 
I  gather  from  the  author's  reply  to  the  discussion  that  this 
is    not    really   necessary,   and    that    frequency   changers 
with  synchronous  machines  at  both  ends  can  be  used  with 
safety.    The  fear  expressed  in  regard  to  this  arrangement 
is  apparently  that  one  station  might  tend  through  over- 
load to  drop  its  speed  slightly  and  that  the  synchronous 
machines,  allowing  of  no  slip,  would  be  liable  to  destruc- 
tion  by   being   called  upon   suddenly   to   transmit   loads 
altogether  beyond  their  capacitj'.     This,  however,  seems    . 
to   me   simply   to   point   to  the  necessity  for  having  the 
frequency  changers  of  ample  capacity  to  deal  with  any 
situation  which  might  be  likely  to  arise  in  practice,  and 
for    the    use    of    reactances,   automatic   overload   circuit 
breakers,  or   other   protective   devices  to  prevent  injury 
to  the  machines  in  case  of  abnormal  conditions  arising. 
Surely,  after  all,  this  question  cannot  be   really  different 
from  that  of  linking  up  two  power  stations  of  the  same 
frequency,  because   the   same   question    of   the   carrying 
capacity  of  the  interconnecting  cable  and  of  the  necessity 
for  protecting  it  against   excessive  and  abnormal   loads 
must  obviously  arise  there.     The  fact  of  having  to  inter- 
1    pose  running  machinery  no  doubt  tends  to  accentuate  the 
point,  but  it  exists  just   the  same   in    either  case.     Some 
1    people  who  are  large  users  of  power,  but  not  electrical 
engineers,  seem  to   think  that  it  should  be  commercially 
I    possible  for  an  electric  power  supply  company  to   have 
duplicate   systems    of    mains    and    duplicate    generating 
plants  so  as  to  give  supplies  at  either  50  periods  or  25 
periods  or  even  both,  as  the  consumer  might  find  con- 
i    vcnient.     If   that   were   so,  it  might   remove  one   of  the 
difficulties   of   interconnecting,   but   unfortunately  this   is 
only  one  of  the  many  quaint  suggestions  which  are  some- 
times made  by  consumers  wtio  know  nothing   whatever 
about  the  generation  and  supply  of  electricity.    The  author 
has  mentioned  that  surges  occurred  in  certain  intercon- 
necting lines  having  a  small  cross-section  of  copper.     I 
should  like  to  know  what  was  the  nature  of  these   surges 
and  why  it  was  that  apparently  an  increase  in  cross-section 
of  copper  in  the  interconnecting  line,  which  presumably 
simply  meant  increasing  the  conductivity  of  the  line,  got 
over  the  difficulty. 

Mr.  C.  G.  MoRLEY  New:  Dealing  with  the  author's  Mr. New. 
summary,  I  quite  agree  with  the  first  part  of  paragraph  i, 
that  stations  could  be  operated  in  parallel  without  diffi- 
culty, at  any  rate  when  the  respective  staffs  have  got  used 
to  the  new  operating  conditions,  and  for  that  reason  I  can- 
not understand  the  emphasis  the  author  makes  regarding 
speed  regulation.  I  think  this  can  be  safely  left  to 
engineers  who  have  been  running  plant  of  all  types  and 
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Mr.  Kr»  age*  in  parallel  successfully.  The  power-factor  question 
might  Ik  troublesome,  and  I  thmic  that  at  any  rate  as 
tar  as  the  station  is  concerned,  this  should  l>e  improved. 
The  intcrconncctor  voltaic  will  have  to  be  carefully  con- 
sidered, as  it  is  probable  in  many  instances  that  the 
hnking-up  system  of  to-day  will  be  the  transmission 
s)-stem  of  the  future,  and  extensions  to  generating 
stations  only  carried  out  in  the  most  suitable  places. 
With  regard  to  the  second  part  of  paragraph  i,  I  see 
no  reason  why  reliable  automatic  devices  could  not  be 
installed  for  the  purpose  of  earthing  a  system  in  the 
event  of  the  intcrconncctor  opening.  We  rely  entirely 
upon  automatic  devices  for  the  purpose  of  protection  of 
cables,  etc..  and  there  is  no  reason  why  a  simple  and 
reliable  earthing  device  could  not  be  designed.  The 
alternative  to  a  rotating  m.ichine,  mentioned  in  para- 
graph 2,  where  out-of-balancc  is  not  serious,  is,  I  sup- 
pose, transforming  by  the  Scott  system,  although  it 
would  Ih:  somewhat  difficult  to  balance  up  single-phase 
plant  on  the  two-ph.ise  side.  I  am  interested  in  this 
system  of  transformation  in  dealing  with  single-phase 
load  from  a  three-phase  supply,  and  I  am  not  at  all  satisfied 
as  to  the  effect  on,  say,  phase  A  during  a  severe  overload, 
such  as  a  fault  on  phase  B,  seeing  tliat  the  neutral  point 
on  the  three-phase  side  is  not  fixed.  I  note,  however, 
that  in  Fig.  3  the  neutral  point  is  shown  earthed,  which  is 
contrary  to  the  Board  of  Trade  regulations  if  the  system 
is  already  earthed  at  the  generating  station.  I  should  like 
to  know  if  there  is  any  objection  in  dealing  with  single- 
phase  load  from  a  three-pliasc  system  by  ordinary 
transformer  connections,  three-phase  mesh-connected  to 
three-phase  four-wire,  the  neutral  point  forming  an 
earthed  outer  to  the  kinglc-phasc  feeder  system.  In 
many  cases  it  is  not  more  difficult  to  balance  three 
circuits  than  two.  In  connection  with  paragraph  3, 
having  had  experience  with  all  types  of  substation  con- 
rerting  machines,  I  can  say  that  the  induction  machine 
IS  the  most  stable,  as  the  synchronous  plant  as  often  as 
not  shuts  down  when  faults  occur  outside.  It  has  occurred 
to  me  that  difficulty  might  be  experienced  in  getting  suit- 
able speeds  for  some  frequency  change  ;  for  instance,  in 
changmg  from  50  to  40  only  one  speed  is  available. 

Mr  K.n.*?  Mr.  A.  T.  KixsKV :  Telegraph  circuits  still  use  the  earth 
as  a  return  conductor,  and  as  the  current  employed  on 
them  is  measured  in  milliamperes,  it  can  readily  be  seen 
which  circuit  is  likely  to  suffer  if  powerful  currents  can 
flow  through  the  earth.  Since  the  introduction  of  electric 
tramways,  telegraph  engineers  have  constant  differences 
of  potential  between  any  two  earths  irrespective  of  dis- 
tance, and  in  general  not  much  notice  is  taken  of  them  at 
the  present  time  so  long  as  they  do  not  exceed  2  volts, 
ak  their  presence  can  be  eliminated.  These  potential 
differences  arc  sometimes  positive  and  sometimes  nega- 
tive. In  telephony,  owing  to  the  extreme  sensitiveness 
of   '  the  use  of  the  earth  as  a  return  con- 

dii'  •  i-n  discarded  .ind  all  public  circuits  are 

now  nicUliii..  .Moreover,  llie  tendency  is  to  terminate 
»uch  metallic  circuit!  on  transformers  v>  that  the  trans- 
mttMon  circuit  proper  will  be  quite  independent  of  the 
earth.  T'f '■  ■'<•  however,  large  quantities  of  apparatus 
u««d  in  '  and  in  <iupervision  which  are  auxiliary 

to  the  ii jn-nii.M()ii  circuit,  and  they  rely  up<n>  the  use 
o(  the  earth.      Il  can  thircfore    be    seen   thai    telephone 


engineers  as  well  as  telegraph  engineers  will  view  with  Mr.  Kxt 
great  concern  any  transference  of  load  from  one  power 
station    to    another    if    if    means    that    large   alternating 
currents  of  high  frequency  will  pass  through  the  earth. 

Professor  D.  Robektson  :  The  figures  which  the  author  Proicw 
gives  as  to  the  size  of  frequency  changer  necessary  for  '*°'*"« 
connecting  two  systems  makes  one  wonder  whether  it 
would  not  be  better  to  change  over  the  smaller  system  in 
every  case  in  which  it  is  at  all  possible  to  do  so.  Since 
the  changer  set  involves  both  a  motor  and  a  generator,  if 
it  has  to  be  rated  as  high  as  20  per  cent  of  the  capacity  of 
the  smaller  system,  it  would  cost  somewhere  about  40  per 
cent  of  the  electrical  equipment  of  the  sUtion,  and  would 
thus  go  quite  a  long  way  towards  paying  the  station  part 
of  the  cost  of  changing  over  to  the  standard  frequency. 
Of  course  there  would  be  the  consumers'  motors  to  change 
as  well,  which,  as  Mr.  Ch.-imen  points  out,  would  be  quite 
impracticable  in  some  districts.  It  should  not  be  forgotten 
that  so  long  as  it  maintains  its  own  frequency,  the  smaller 
system  will  be  handicapped  :  whenever  extension  is  pro- 
posed, by  the  fact  that  the  frequency  changer  capacity 
must  be  increased  as  well  as  the  generating  plant  In 
connection  with  the  regulation  of  the  engines,  the 
governors  will  usually  be  adjusted  from  time  to  time, 
while  running,  so  as  to  give  the  desired  load  transference 
from  one  system  to  the  other  independently  of  the  inherent 
regulation  of  the  machines  themselves.  The  author's  cal- 
culations on  this  subject  will  consequently  apply,  not  to 
the  total  exchange  of  power,  but  to  its  deviation  from  the 
value  to  which  it  has  been  set. 

With  the  object  of  illustrating  the  author's  statements 
and  calculations  about  the  operation  of  machines  in 
parallel,  I  have  prepared  some  locus  vector  diagrams 
which  I  think  will  assist  many  of  our  members  in  following 
his  arguments.  They  are  liased  on  the  same  approximate 
theory  as  the  author's  equ.Uions.  and  are  thus  subject  to 
e.vactly  the  .same  limitations.  Figs.  K  and  L  have  been 
drawn  to  show  the  effects  of  phase-swinging  when  twiv 
machines  arc  running  in  parallel  without  change  of  field 
current.  They  are  constructed  thus: — Draw  a  line  OA, 
say  vertically  downwards,  with  the  distance  O  A  equal  to 
the  motion  E.M.F.  vector  of  No.  i  m.ichine.  With  A  as 
centre,  draw  a  circle  the  radius  of  which  is  equal  to  the 
motion  F;.M.F.  vector  of  the  other  machine  ;  this  circle  gives 
the  locus  of  the  extremity  of  the  vector  for  the  current  in 
the  first  machine.  Draw  the  line  A  I,  making  an  angle 
with  AO  equal  to  the  phase  displacement  between  the  two 
K.M.F.  vectors— to  the  left  if  No.  i  is  behind  (motoring) 
and  to  the  right  if  it  is  ahead  (generating).  Ol.is  the 
current  in  the  machines,  taking  the  No.  i  directi  ^n  as 
positive.  The  scale  of  current  is  given  by  the  rule  that 
the  same  length  represents  a  current  I  and  the  electro- 
motive force  Z  I,  where  Z  is  the  total  impedance  of  the 
two  machines  and  the  connector.  O  K,,  the  motion 
K.M.F.  vector  of  No.  i  machine,  is  ahead  of  OA  by  the 
angle  #m,  whose  tangent  is  the  ratio  of  the  reactance  to 
the  resistance  for  the  whole  circuit.  K,  makes  an  angle 
a  with  K,.  The  projection  of  O  I,  on  O  K,  gives  the  work- 
ing component  of  the  curieni,  and  tlicrcforc  also  the 
mechanical  power  ami  torque.  The  machine  operates  as 
a  generator  it  this  working  component  lies  along  K|,  and 
as  a  motor  if  it  i»  in  the  opposite  direction.  The  con- 
struction   is    easily   proved.     The    rc-ultant   of   the   two 
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jfessor      motion  electromotive  forces,  talking  the  No.  i  direction  as 
''""°°-    positive,  is 

Er.=  E. -E,=  E,  +(— E,). 

Performing  the  addition  vectorially,  we  get  the  corre- 
sponding vector  O  Er,.  Tlic  current  lags  behind  this  by 
an  angle  ^m,  and  is  equal  to  Ek,  divided  by  the  total 
impedance  of  the  circuit.  It  will  be  represented  by  the 
same  length  as  Er,  with  the  choice  of  scales  mentioned 
above.  Now  let  the  E,  vector  be  fixed,  so  that  its  ex- 
tremity E,  is  a  fixed  point.  Then  the  extremity  of  the 
En,  vector  lies  at  the  distance  Ej  from  that  of  E,,  and 
therefore  moves  in  a  circle  with  the  latter  point  as  centre. 
By  turning  the  vector  parallelogram  backward  by  the 
angle  0m,  E,  (the  centre  of  the  locus  circle)  is  brought  to 
A,  while  at  the  same  time  Er,  is  made  to  coincide  with  I,. 
Fig.  K  refers  to  the  case  in  which  the  resistance  of  the 


(3)  Under   the   conditions   shown,   the    equilibrium    is  Professor 

therefore  stable.  Robertson. 

(4)  The  bigger  the  load,  the  greater  the  inclination  to 

the  E,  vector  of  the  locus  circle  in  the  neigh- 
bourhood of  I„  and  therefore  the  smaller  the 
synchronizing  torque  with  a  given  phase  error, 
and  the  less  the  stability. 

(5)  The  maximum  torque  occurs  at  that  point  where  the 

projecting  line  touches  the  locus  circle,  at  which 
point  the  stability  vanishes  and  beyond  which 
equilibrium  would  be  unstable. 

Comparing  one  diagram  with  tlie  other,  it  may  be  seen 
that  :— 

(<i)  The  presence  of  resistance  diminishes  the  torque 
with  a  given  phase  displacement,  and  therefore 
also  the  maximum  torque. 


Sign  Couvervtions 
I, 


Current    f^  Components 


Fig.  K. — Locus  vector  diagram  showing  effects  of  phase  swins^  when  two  alternators  are  running  in  parallel  with  constant 

excitation.     (Resistance  of  circuit  negligible.) 


circuit  is  negligible  in  comparibon  with  its  reactance, 
while  Fig.  L  deals  with  that  in  which  it  is  appreciable.  In 
both  cases,  No.  i  machine  is  supposed  to  be  motoring.  A 
study  of  either  diagram  will  show  that  : — 

(i)  If  No.  I  machine  gets  a  little  further  behind  than  is 
required  by  the  load,  it  gets  an  excess  of  driving 
torque  which  pulls  it  forward  into  step. 

(2)  If  it  gets  ahead,  the  driving  torque  becomes  less 
than  the  load,  and  the  difference  pulls  it  back  into 
step. 


(6)  It  has  increased  the  inclination  of  the  locus  arc  to 

E,,  and  has  thus  diminished  the  stability  with  a 

given  mean  displacement, 
(c)  The  phase  displacement  necessary  for  a  given  torque 

has    been    increased    by    the    presence    of     the 

resistance, 
(if)  Consequently  the   stability  with   a   given   load   has 

been  very  much  reduced. 

If  the  two  diagrams  refer  to  cases  of  equal  impedance,  but 
made  up  in  different  wavs,  the  current,  power,  and  torque 
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K.>Nrit> 


Sign  Cxinx-ejitioii? 


Current  Com  pon eats 


Kii..  I..— I^KUS  Vector  dingr-im  showinc  effects  of  phase  swini;  when  two  .illcrnators  are  running  in  parallel  with  constant 

excitalinn.     (Ke>i>taMce  of  circuit  =  half  its  reactance. ) 


Fk..  M  —1 


E,A ,  E,B  or  E|C  represents  the  working 

current,  power  d,nd  Conque. 
E,\;,  E,'\JorE,E^represent5  the  totaJ 

current. 
AV; ,  BV^or  CEf  represents  the  idle 

current . 

'.f  v.iiyuiK  lilt  excitation  of  one  o(  Iw"  alle■lul<•l^  in  paiallcl,  when  the  other 
1  conoiant  torque.     (Koiftanit:  o(  line -reactance  o(  one  machine.) 
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sior      scales  will  be  the  same  for  both.     But  if  the  resistance  in 
■■»5on.     pjg  j^  jj,  ^j^  addition,  say  a  connecting  cable,  to  the  react- 
ance of  Fig.  K,  the  impedance  will  be  greater,  these  scales 
greater  also,  and  the  conditions  for  the  second  case  even 
worse  than  they  appear  from  the  diagrams. 

Fig.  M  is  intended  to  show  the  voltage  variations  when 
No.  I  machine  is  running  with  constant  excitation  and 
constant  torque,  while  the  excitation  of  No.  2  is  varied. 
Both  machines  are  supposed  to  have  reactance  without 
appreciable  resistance,  and  they  are  connected  by  a  line 
having  considerable  resistance  but  no  reactance.  For  a 
constant  torque,  the  working  component  (with  regard  to 
the  motion  E.M.F.,  not  the  terminal  potential  difference) 
of  the  current  in  No.  i  must  be  constant  ;  hence  the  locus 
of  the  extremity  of  the  current  vector  is  a  straight  line 
perpendicular  to  O  E,.  The  minimum  current  for  the 
given  conditions  is  O  I„  in  line  with  O  E,.  With  this 
current,  the  reactance  voltage  in  No.  i  machine  is  E,  A,  so 
that  its  terminal  voltage  is  O  -A.  (not  drawn  in).  The  resist- 
ance voltage  of  the  line  is  A  B,  and  the  terminal  voltage  of 
No.  2  is  O  B  (not  drawn).  The  reactance  voltage  of  the 
latter  machine  is  BC,  and  so  it  must  have  the  motion 
electromotive  force  O  C  (not  drawn)  if  the  current  is  to  be 
a  minimum.  The  actual  vectors  drawn  in  correspond  to 
any  other  condition.  E,  E,  represents  the  total  impedance 
voltage,  made  up  of  the  three  components  E,V„  V,  V,, 
Vs  Ej,  as  before.  Since  the  reactance  voltage  makes  a 
fixed  angle  with  the  current,  and  E,  A  was  its  direction 
when  the  current  was  O  L,  it  follows  that  the  angle  A  E,  V, 
is  the  same  as  lo  O  I,.  But  E,  A  was  reactance  x  O  To  and 
E,  V,  is  reactance  x  O  I,.  Hence  the  two  triangles  A  E,  V,, 
loO  I,  are  similar,  and  consequently  the  angle  at  A  is  a  right 
angle  like  that  at  L..  Thus  the  locus  of  V,  is  a  straight  line 
through  A  at  right  angles  to  E,  A  ;  that  is  it  is  parallel  to 
O  E,.  In  a  similar  manner,  by  taking  the  partial  im- 
pedance voltage  E,  Vj,  and  the  total  impedance  voltage 
E,  Ej,  it  can  be  shown  that  the  locus  of  V,  is  a  line  thrsugh 
B  at  right  angles  to  E,  B,  and  of  E,  one  through  C  at  right 
angles  to  E,C.  The  effects  of  altering  E,  can  be  easily 
traced  out  from  the  diagram  if  it  is  remembered  that  the 
three  lines  E,  V„  E,  Vj,  E,  E,,  all  make  equal  angles  with 
their  shortest  positions  E,.\,  E,  B,  E,  C,  and  also  that  the 
length  of  any  of  these  lines  can  be  taken  to  represent  the 
magnitude  of  the  current  to  the  same  scale  as  its  minimum 
length  represents  the  minimum  current.  The  perpendicu- 
lars from  E,  to  the  three  locus  lines  represent  also  the  power 
and  torque,  while  the  distance  of  the  E.M.F.  vector-end 
from  its  minimum  current  position  gives  the  idle  current, 
■.'eison.  Mr.  T.  J.  Xelsox  {(ommiinkated) :  This  paper,  which  has 
come  at  a  very  opportune  moment,  provides  a  strong  argu- 
ment for  the  standardization  of  frequencies,  as  the  diffi- 
culties that  arise  with  the  parallel  working  of  power  stations 
appear  to  be  in  connection  with  frequency  changers.  The 
parallel  working  of  two  power  stations  having  different 
frequencies  has  been  successfully  carried  out  in  South 
Wales  at  the  "New  Markham"  pits  of  the  Tredegar  Iron 
and  Coal  Company.  These  new  pits  have  a  supply  from 
two  existing  stations  belonging  to  the  Company  situated  at 
Tredegar  and  Oakdale.  These  two  stations,  however,  have 
different  frequencies,  Tredegar  being  40  periods  and  Oak- 
dale  50  periods,  and  in  order  to  be  able  to  use  either  supply 
it  was  decided  to  install  frequency  changers.  These  are 
used  at  the  same  time  so  as  to  interlink  the  two  stations, 
enabling  them  to  assist  each  other.    Two  motor-generators 


were  installed,  one  with  an  induction  machine  on  the  40-  Mr.  XeUon. 
period  side  and  the  other  with  an  induction  machine  on 
the  50-period  side,  thus  enabling  the  two  sets  to  float  on 
both  systems  without  loading  either  supply  with  wattless 
current.  The  synchronous  machine  can  be  excited  to  such 
a  degree  as  to  give  wattless  current  equal  to  or  exceeding 
that  taken  by  the  induction  machine  connected  to  the  same 
busbars.  The  first  set  consists  of  a  730-b.h.p.,  6oo-r.p.m., 
three-phase,  50-period,  6,600-volt  induction  slip-ring  motor 
rigidly  coupled  to  a  500-kw.,  o'S  power  factor,  three-phase, 
40-period,  6,600-volt  synchronous-type  generator.  The 
second  set  is  similar  except  that  the  slip-ring  induction 
motor  is  designed  for  40  periods  and  the  synchronous 
generator  for  50  periods.  Two  liquid  starters  are  provided 
for  starting  the  induction  motors,  and  two  sets  of  resistance 
grids  are  permanently  connected  in  series  with  the  rotors 
of  the  induction  motors  to  give  approximately  li  per  cent 
additional  slip  at  full  load.  The  provision  of  slip-ring 
motors  with  adjustable  permanent  slip  resistance  provides, 
as  it  were,  a  flexible  coupling  between  the  two  stations  so 
connected.  It  is  not  necessary  that  the  two  stations  should 
run  in  exact  synchronism.  The  frequency  of  one  station 
may  vary  approximately  2^  per  cent  in  either  direction 
without  overloading  the  frequency-changer  set.  Suppose 
that  the  Tredegar  station  keeps  exactly  a  frequency  of  40 
periods.  If  the  machine  at  Oakdale  were  overloaded,  the 
speed  of  the  prime  movers  will  have  a  tendency  to  drop, 
but  in  the  measure  that  its  frequency  drops  below  50 
periods,  one  of  the  frequency  changers  will  transmit  power 
from  Tredegar.  If  the  drop  be  approximately  2J  per  cent, 
then  500  kw.  will  be  transmitted  in  that  direction  with  one 
frequency  changer  running,  and  1,000  kw.  if  both  are  in 
service.  On  the  other  hand,  if  the  prime  movers  in  Oak- 
dale have  a  light  load  their  speed  will  rise  above  the  normal 
frequency,  and  power  will  be  transmitted  from  Oakdale  to 
Tredegar.  The  condition  for  the  smooth  working  of  the 
plant  is,  of  course,  that  the  governors  of  the  prime  movers 
in  both  the  Tredegar  and  Oakdale  stations  should  cause  a 
few  per  cent  drop  in  speed  from  no  load  to  full  load.  This 
condition  applies  in  general,  as  is  well  known,  to  prime 
movers  driving  alternators  for  parallel  operation.  The 
outside  adjustable  slip-ring  resistance  allows  the  slip  of  the 
frequency  changer  to  be  brought  into  line  with  the  regula- 
tion of  the  governors  in  both  stations.  This  would  not  be 
possible  with  squirrel-cage  motors.  The  provision  of  slip- 
ring  motors  with  starting  resistances  also  simplifies  the 
synchronizing  of  the  sets. 

Mr.  J.  S.  Peck  {in  reply)  :  I  quite  agree  with  Mr.  Mr.  Peck. 
Chamen's  remarks  as  to  the  great  difficulties  involved 
in  changing  over  a  large  generating  station  from  one 
frequency  to  another.  In  fact  I  have  already  pointed  out 
that  it  is  the  difficulty  of  changing  over  the  consumers' 
apparatus,  rather  than  the  provision  of  new  plant  in  the 
generating  station,  that  makes  the  substitution  of  one 
frequency  for  another  almost  impossible  except  in  the 
case  of  quite  small  stations.  I  think,  however,  that  where 
a  station  is  isolated  from  other  stations  in  the  same 
district,  due  to  a  different  frequency  being  used,  the 
desirability  of  coupling  two  generators  to  one  turbine  is 
worth  consideration  when  laying  down  new  generating 
plant,  one  generator  to  be  wound  for  the  frequency  of  the 
station  and  the  other  for  the  frequency  of  the  district. 
There  are  probably  a  number  of  generating  sets  the  steam 
end  of  which  is  badly  out-of-date  while   the  generating 
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M<  ivci^  end  IS  in  good  condition.  These  old  generators  could  be 
used  with  new  turbine  plant  for  obtaining  one  frequency 
or  the  other.  The  .idvantage  of  a  set  with  two  generators  ' 
is  that  it  can  be  driven  by  the  turbine  and  can  supply 
current  at  cither  frequency  or  both  ;  or  it  can  be  used  as 
a  frequency  changer  to  take  encrg>-  from  either  system 
and  supply  it  to  the  other. 

Mr.  C"h.imen  and  Mr.  Nelson  refer  to  a  certain  install.-ilion 
consisting  of  two  frequency-changer  sets  of  the  induction- 
synchronous  type.  If  this  pl.mt  were  being  installed  to- 
day, the  two  sets  would  prob.ibly  be  replaced  by  one 
double  synchronous  set. 

Where  two  or  more  very  Lirge  stations  are  connected 
together  by  short  lengths  of  cable,  I  think  it  will  be  highly 
desirable  to  install  reactance  coils  in  the  interconnecting 
lines,  otherwise  a  short-circuit  on  any  part  of  the  system 
mav  produce  serious  disturbances  and  perhaps  shut  down 
all  of  the  generating  stations.  In  my  introductoiy  rem.irks 
I  referred  to  a  cise  of  trouble  due  to  surging  where  two 
stations  a  long  distance  apart  were  interconnected  by 
cables  having  a  small  cross-section  of  copper.  This  matter 
was  discussed  at  Newcastle,  and  will  be  found  in  the 
discussion  already  published  in  the  Journals 
•  Set  page  179. 


Mr.  New  r.iises  the  possibility  of  earthing  the  neulnl  Mi  Ped 
point  of  a  generating  station  througli  a  spark  gap  or  sonic 
automatic  device  which  normally  leaves  the  circuit  in- 
sulated but  connects  it  to  earth  in  the  event  of  trouble.  I 
do  not  think  such  devices  arc  usually  very  reliable,  and 
I  believe  it  is  much  better  to  earth  the  neutral  point 
through  a  resistance,  especiallv  where  balanced  protective 
jie.ir  is  used. 

With  reg.ard  to  the  Scott  system  of  connection  for 
clianging  from  three-phase  to  single-phase,  tliis  will  not 
give  a  balanced  load  on  the  three-phase  circuit  unless  the 
two  single-phase  circuits  are  equally  bal.inced.  This  then 
becomes  in  effect  a  two-phase  system. 

Mr.  Kinsey  has  given  some  interesting  information  with 
regard  to  the  effect  of  earth  currents  on  telegraph  and 
telephone  circuits.  There  seems  to  be  a  very  great  differ- 
ence of  opinion  as  to  what  currents  can  be  transmitted 
tlirough  the  earth  witliout  interfering  with  these  circuits,, 
and  it  would  be  interesting  if  someone  could  give  definite 
information  as  to  what  currents  and  frequencies  can  be 
'   s.afely  tr.ansniitted. 

J       With  .  Professor    Robertson's   remarks   I  am  in  general 
{  agreement,  and  am  much  obliged  to  him  for  the  diagrams 
wliich  he  has  submitted. 
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By  J.  ORCHISTON,  Member. 


It  is  now  over  50  years  since  the  first  telegrapli  lines 
were  commenced  in  New  Zealand,  and  by  1866  telegrams 
could  be  sent  from  Wellington  to  the  Bluff.  As  wooden 
poles  were  used  for  the  bulk  of  the  early  lines,  sufficient 
time  has  now  elapsed  to  enable  one  to  form  a  fair  judg- 
ment of  the  lasting  powers  of  the  different  classes  of 
timber  used  under  the  varying  conditions  involved. 

The  first  lines  erected  simply  consisted  of  bush  saplings 
of  the  required  dimensions  with  the  necessary  attachments 
of  wire,  arms,  and  insulators,  no  preference  being  shown 
to  any  one  class  of  timber.  In  fact  it  might  be  said  that 
the  early  engineers  had  no  prejudices.  The  only  tree 
which  seemed  to  be  barred  was  the  cabbage  tree.  During 
the  years  1864,  1865,  and  1866  more  attention  appears  to 
have  been  devoted  to  charring  the  bases  of  the  poles  than 
to  the  class  of  timber  used.  In  spite  of  all  the  charring 
with  its  attended  extra  expense,  some  poles  commenced 
to  fall  down  within  two  years  of  their  erection.  In  1867  it 
was  decided  to  restrict  the  timbers  to  totara  (Podocarpus 
/o/ara)  and  matai  (Podocarpus  spkata)  and  to  have  the  poles 
sawn  from  fully  matured  trees  if  possible.  The  system  of 
charring  the  butts,  however,  was  continued  until  repealed 
by  the  then  general  manager  of  telegraphs,  the  late  Dr. 
Lemon,  who  considered  the  cost  of  charring  to  be  too 
much  for  an}'  advantage  likel}-  to  accrue.  Subsequent 
events  proved  the  wisdom  of  this  decision. 

In  1867  the  line  from  Wellington  to  Masterton  was 
erected  with  sawn  heart  of  totara  and  matai — a  fair  pro- 
portion of  each.  The  contractors  had  to  char  all  poles  for 
the  first  7  ft.  from  the  butt  before  erection,  and  if  my 
memory  does  not  deceive  me,  the  extra  cost  for  charring 
was  7s.  per  pole.  Within  six  or  seven  3'ears  of  erection 
some  of  the  matai  poles  began  to  fall  down  in  spite  of  the 
charring,  which  from  an  old-country  point  of  view,  had 
always  been  looked  upon  as  a  sure  means  of  preserving 
timber  in  the  ground.  Before  10  years  had  elapsed 
the  poles,  both  totara  and  matai,  commenced  to  come 
down  by  the  run  whenever  the  wind  blew  a  little  more 
strongly  than  usual.  In  1877  it  was  decided  to  repole 
the  section,  Wellington  to  Masterton,  practically  through- 
out. With  few  exceptions  all  the  poles  along  the  Hutt 
Valley  and  Wairarapa  Plains  were  replaced  with  new 
poles,  the  old  ones  being  chopped  down.  While  this  work 
was  being  carried  out  it  was  discovered  that  the  poles 
along  some  three  miles  of  the  line  over  the  hills  at  the 
Silverstream  had  not  been  charred.  The  reason  for  this 
has  never  been  fully  cleared  up.  It  may  be  sufficient, 
however,  to  remark  that  this  portion  of  the  line  passed 
over  very  rough  ground  and  the  poles  were  well  out  of 
sight  of  any  one  traversing  the  road  along  the  river  bank. 
The  point  I  wish  to  draw  attention  to,  however,  is  the  fact 
that  all  the  uncharred  totara  poles  were  found  to  be 
perfectly  sound  in  1877,  whereas  practically  all  the  charred 
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poles  were  more  or  less  affected  with  dry  rot.  Near  the 
Pakauratai  another  portion  of  the  line  was  erected  well 
back  from  the  road.  These  poles  had  also  escaped  being 
charred  and  were  found  to  be  as  sound  as  on  the  day  they 
were  erected.  In  1868  and  1869  the  line  from  Wellington 
to  Wanganui  was  erected  entirely  of  totara  poles,  and  in 
1877  and  1878  this  line  was  thoroughly  overhauled  and 
only  one  bad  pole  found,  but  there  were  no  charred  poles 
on  this  line. 

The  first  line  from  Auckland  to  the  Waikato,  commenced 
in  1863,  consisted  of  saplings,  which  began  to  fall  down  in 
1866.  In  1867  the  erection  of  sawn  heart  of  totara  was 
commenced  to  replace  the  saplings,  and  12  miles  of  these 
poles,  carefully  charred,  were  erected  between  Hamilton 
and  Ngaruawahia.  Within  10  years  these  poles  began  to 
give  trouble.  In  i868-g  the  section  from  Auckland  to 
Ngaruawahia  was  also  repoled,  but  fortunately  the  poles 
were  not  charred.  When  this  section  was  overhauled  in 
1880  only  one  defective  totara  pole  was  found  in  70  miles  ; 
but  in  the  next  12  miles  from  Ngaruawahia  to  Hamilton, 
practically  all  the  original  charred  poles  remaining  were 
more  or  less  defective.  Similar  experience  respecting 
charred  poles  had  been  obtained  in  Otago.  Some  poles 
were  also  tarred  with  little  better  results.  Owing  to  some 
rimu  and  other  timbers  being  passed  for  totara  between 
Mercer  and  Miranda  in  1868,  the  Auckland  totara  got  a 
bad  name,  as  the  poles  on  this  section  of  line  began  to 
come  down  in  1871  and  1872.  It  was  therefore  decided 
to  replace  all  defective  poles  with  heart  of  kauri.  The 
result  was  that  all  poles  showing  the  least  sign  of  rot  were 
dug  out  and  kauri  poles  erected  in  their  place.  In  1880 
some  of  the  kauri  poles  began  to  give  trouble  and  I  then 
personally  inspected  this  section  and  discovered  that  all 
the  original  poles  had  not  been  totara  and  that  some  good 
totara  poles  had  been  dug  out  because  of  sap  on  one  or 
two  corners  having  rotted.  Nine  of  these  poles  which 
had  been  condemned  and  thrown  out  eight  years  pre- 
viously were  again  brought  into  use  and  some  of  them  may 
be  standing  now.  The  passing  of  rimu  and  other  timbers 
for  totara  in  this  case  was  the  means  of  condemning  the 
use  of  the  local  totara  timber  in  the  Auckland  province  for 
telegraph  poles  for  eight  years,  and  resulted  in  the  use  of 
some  10,000  kauri  poles.  In  clearing  the  line  in  one  case, 
first-class  totara  trees  were  felled  and  left  lying  under  the 
wire,  whereas  kauri  poles  had  been  dragged  some  miles 
over  a  very  difficult  bush  track  to  support  the  fine.  Sub- 
sequent experience  has  proved  that  totara  on  the  average 
has  at  least  double  the  life  of  kauri. 

At  one  time  it  was  considered  that  the  poles  should  be 
well  seasoned  before  erection,  and  thousands  of  poles 
were  stacked  for  seasoning  purposes  and  to  be  ready 
for  emergency. 

In  1880  I  had  a  number  of  the  short-length  totara  poles 
replaced  with  longer  ones  between  Auckland  and  Drury 
where  the  wires  required  raising.     As  some  of  the  kauri 
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'  1  and   Kivcrlicad  erected   in   1873 

>. .  the  >liort  totara  poles  removed 
<roin  the  I'rury  hne  were  cut  into  three  pieces  and  used 
for  butts,  by  iK-ing  placed  some  4I  ft.  in  the  ground  along- 
side the  defective  kauri  poles  and  bolted  to  them.  In 
1885  one  of  the  kauri  poles  with  a  totara  butt  fell  down. 
A  careful  cxamiiution  of  these  poles  and  butts  was  then 
made,  and  it  was  discovered  that  in  many  cases  the  kauri 
pf.lcs  were  actually  holding  up  the  totara  butts,  instead  of 
tlie  latter  supporting  the  pole.  It  was,  however,  only  the 
seasoned  portion  of  the  original  tot.ira  pole  which  h.id 
rotted,  the  fHjrtion  which  had  been  in  the  ground  south 
of  .Auckland  for  some  ij  years  and  another  five  years 
supporting  the  kauri  pole  was  still  good,  whereas  the  next 
two  sections  of  the  same  pole  were,  in  most  cases,  seriously 
affected  with  dry  rot.  This  was  another  discovery,  viz. 
tlvat  seasoned  timber  was  not  so  durable  as  unseasoned 
when  placed  in  the  ground.  It  is  almost  needless  for  me 
to  recapitulate  the  dozens  of  other  experiences  pointing 
to  the  same  conclusion.  I  m.iy,  however,  give  one  or 
two  other  illustrations.  The  Wesleyan  Mission  built  a 
church  at  Mangungu,  in  Hokianga,  about  the  year  1835 
and  abandoned  it  in  1845.  The  front  fence,  some  three 
chains,  consisted  of  hand-sawn  totara  posts  5  in.  x  4  in. 
When  I  viewed  the  fence  in  18S3  the  posts,  with  the 
exception  of  two  which  were  missing,  were  all  perfectly 
Mund.  I  tried  to  break  one  down  to  bring  it  away  as 
a  relic  but  was  unable  to  do  so.  The  rails  had  appar- 
ently been  kauri  and  had  rotted  away,  and  only  in  one 
case  was  there  a  small  piece  hanging  to  a  post.  As  the 
posts  had  been  cut  from  trees  growing  alongside,  it  is 
evident  they  had  not  had  much  seasoning  before  erection. 
It  might  also  be  here  noted  that  the  church  w.-is  built  of 
totara  and  early  in  the  eighties  it  was  found  to  be  in  such 
a  good  state  of  preservation  th.at  it  was  taken  down  and 
rc-crcctcd  at  Kohu  Koliu  for  a  town  hall,  in  spite  of  its 
having  been  unused  and  uncared  for  during  the  previous 
36  years.     I  am  advised  that  the  building  is  still  in  use. 

In  1870  a  supply  of  totara  poles  was  obtained  at  Havc- 
lock  for  the  N'ascby  line.  It  has  been  said  that  when  the 
schooner  arrived  at  Havelock  some  of  the  poles  were  still 
growing.  Immediately  the  schooner  reached  Waikouaiti 
the  wagons  commenced  loading  up,  and  within  a  few 
weeks  from  the  time  the  poles  were  growing  trees,  they 
were  carrying  the  telegraph  wire. 

Owing  to  portions  of  the  old  ro.id  being  abandoned, 
and  the  inaccessibility  of  the  line,  it  was  decided  five 
years  ago  to  move  some  35  miles  of  line  passing  through 
Nascby  to  Wcddcrburn.  When  dismantling  this  line  it 
w.1%  found  that  the  bulk  of  the  poles  which  had  been 
erected  3H  yeari>  were  still  in  first-class  condition,  and 
•omc  8<;  por  cent  of  them  were  re-ercctcd.  I,  however, 
took  the  ;  to  bolt  a  short  length  of  old  railw.iy 

rail  at  II  '  r   each  of  the  old  poles  ;  by  this  means 

I  am  MliUiod  they  will  l)c  good  for  another  38  years. 

I  have  already  mentioned  the  fact  that  the  first  lines 
were  cfcted  with  vaplingH,  no  attention  being  paid  to  the 
clatt  o(  timber.  Thi*  gave  valuable  information,  as  it  was 
ioon  diwo%-crcd  that  the  life  of  Kahikatca  saplings  was 
ofll.  manuka  from  three 

(n    '  iImiiiI    the    same   as 

,    of  liiiMliai,   -vilverpine,  bl.tckpine, 
-ic  t»  lot   licforc  tlic  bulk  of  these 


poles  were  cut  down  to  make  room  for  the  uniform  system 

next   .adopted   of   s.iwn    poles   from    matured   trees.      Mv 

experience,  extending  over  a  period  of  37  years,   in  the 

engineering   br.inch   has,  however,   satisfied  me  that  the 

heart   wood  of  young  trees  is  much  superior  to  that  of 

older  trees,  and  this  especially  applies  to  both  totara  and 

matai.     The  only  trouble  is   that    there   is    such   a    large 

percentage  of  sapwood  on  the  young  trees.     I  have  here  a 

few  samples  of  the  sapling  poles  which  I  saw  being  felled 

in  Inch  Clntha  in   1864.     The  land  where  these  trees  were 

grown  is  exceptionally  rich,  being  a  portion  of  the  delta  at 

the  mouth  of  the  Clutha  River.     As  the  order  had  gone 

forth  that  all  sapling  poles  had  to  be  replaced  with  sawn 

heart  of  totara,  the  life  of  these  poles  was  cut  short  by 

means  of  an  axe  in  1871  after  they  had  done  duly  for  some 

seven  ye.irs.     In  1903,  39  years  after  erection,  I   had  these 

samples  dug  out.     Some  6  in.  were  showint;  alx)ve  ground, 

so  that  no  better  test  could  have  been  applied.     It  will  be 

observed  that  the  totara  sapling  had  only  had  about  i  J  in.  of 

heart  wood,  and  as  these  poles  had  to  be  9  in.  at  the  base> 

it  will  be  seen  that  this  had  been  a  vei^  young  tree  and 

had  grown  on  rich  land,  otherwise  the  heart  wood  Avould 

have  borne  a  relatively  larger  percentage  of  the  whole.     I 

draw  special  attention  to  this,  because  19  out  of  20  people 

one  meets  are  of  opinion  that  timber  should  be  obtained 

from  well-matured  trees  and  grown  on  hilly  land.     From 

my  previous  experience  of  totara  I   was  not   surprised  to 

find  tlie  he.art  of  this  sapling  sound  after  being  39  years  in 

the   ground  ;  in   fact   I   should    have   been   surprised  had 

it  been  otherwise.     What  did  surprise  me,  however,  was 

to  find  the  matai  in  even  a  better  state  of  preservation,  as 

all  our  experience  hitherto  had  been  that  the  life  of  sawn 

heart  of  mat.ii  poles  was  limited  to  about  10  to  12  years, 

and  even  less  in  many  cases  ;  whereas  here  w.as  a  case  of 

saplings  gro\«'n  on  land  as  rich  as  any  in  New  Zealand 

with  only  some  4  in.  heart  timber  .standing  39  years  at  the 

ground-level  without  the  slightest  sign  of  decay.     Of  course 

it  must  be  clearly  understood  I  am  referring  to  the  heart 

timber  only  ;  the  sap  of  any  of  our  timbers  in-so-far  as 

lasting  in  tlic  ground  is  practically  worthless ;  from  two  to 

three  years  might  be  said  to  be  its  life  whether  on  young 

or  old  trees.     I  have  often  heard  it  said  that  the  timber 

should  be  cut  down  in  the  winter.     I  cannot  say  whether 

or  not  there  is  anything  in  this.     I  have  never  l->een  able  to 

g.ain  aiiv  proof  for  or  against  the  argument  ;  theoreticilly, 

seeing  that  our  trees  .are  evergreen.  I  do  not  see  that  it 

matters  much  when  they  are  felled.     What  is  much  more 

important  is  the  class  of  ground  the  timber  is  placed  in. 

Light  soils  liable  to  become  altern.ately  wet  and  dry  aie  the 

most  trying,  no  doubt  because  such  soil  .idmits  of  the  partial 

seasoning  of  the  timber  and  thus  brings  about  a  similar 

condition    to    that    of   seasoning    before   erection.     Wei, 

heavy,  clay  land  is  the  best.     To  obtain  the  best  results, 

timlicr  must  Ixr  kept  as  nearly  as  possible  either  wholly 

wet  or  wholly  drv.     It  is  the  frequent  changes  between 

wet  and  dry  which  bung  about  prenialuie  decay,  and  of 

course  this  is  the  most  pronounced  an  inch  or  two  under 

the  surface  of  the  ground.    To  sum  up,  if  one  wants  totara 

poles,  blocks,  or  posts  to  outlast  oneself  it  is  necessary  to 

sec  llh.it    they    arc    placed    in    the  ground  as  soon  after 

felling  as  possible  :  also  the  linil>ci  from  old  or  dead  trees, 

01  bill  lit  bush,  must  iiol  be  used. 

Keforc  coiicliKliiig  my  comments   on    wooden    poles   I 
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think  it  is  worthy  of  note  that  a  retired  inspector  of  tele- 
graphs from  Western  Austraha,  a  Mr.  Priece,  whom  I  met 
at  Rotorua  recently,  said  that  his  experience  was  that 
jarrah  should  not  be  seasoned  before  being  placed  in  the 
ground.  He  volunteered  this  information  before  I  men- 
tioned anything  about  my  having  similar  experience  with 
New  Zealand  timbers.  Needless  to  say,  I  was  delighted 
to  have  this  corroboration  of  my  experience  from  such  an 
unexpected  source  and  one  that  could  be  thoroughly 
relied  upon.  j 

The  first  genuine  attempt  to  prolong  the  life  of  poles  in  I 
New  Zealand  was  made  under  my  directions  in  Auckland 
in  1 880.  The  method  adopted  was  to  insert  a  fresh  piece 
of  timber  principally  totara  or  puriri  alongside  of  the 
defective  pole,  bolting  both  together.  These  pole  butts, 
as  they  were  called,  were  from  7  ft.  to  10  ft.  in  length,  and 
varied  from  6  in.  to  10  in.  square  according  to  the  size  of 
the  pole  to  be  supported  and  whether  an  angle  or  a  straight- 
line  pole.  I  should  here  point  out  that  our  poles  were  all* 
sawn  or  hewn  square  and  that  the  butts  were  of  similar 
square  dimensions  ;  hence  the  facility  for  making  a  solid 
job.  Where  poles  are  very  far  gone  a  second  butt  is 
usually  attached  in  such  a  manner  that  one  butt  is  in  line 
and  the  other  at  right  angles  ;  bj-  this  means  the  bolts, 
which  are  usually  from  J  in.  to  f  in.  diameter,  cross  each 
other  a  few  inches  apart  and  thus  prevent  any  risk  of  the 
pole  splitting  at  the  butt  after  it  has  rotted  off  at  the  ground 
line.  In  some  cases  the  original  pole  has  rotted  away  at 
the  ground  line  and,  being  supported  by  two  butts,  each 
of  equal  strength  to  that  of  the  pole  itself,  is  really  a 
stronger  structure  than  when  first  erected.  These  butts 
are  usually  inserted  from  4  ft.  to  5  ft.  in  the  ground  with 

3  ft.  to  4  ft.  out  (the  angle  butts  and  those  supporting  large 
poles  somewhat  deeper^.  The  bottom  bolt  should  be 
about  9  in.  above  the  ground  line,  and  the  top  bolt  3  in.  to 

4  in.  from  the  top  of  the  butt.  The  principal  objections 
to  these  wooden  supports  are  the  liabihty  to  catch  fire 
in  a  scrub  country  where  fires  are  frequent,  and  that  being 
wood  they  wiU  rot  in  time  in  a  similar  manner  to  the 
pole  itself.  A  far  better  method,  and  one  which  I 
adopted  in  Otago  some  time  ago,  is  to  use  short 
lengths  of  discarded  railway  rails  for  the  purpose.  All 
railway  services  accumulate  a  large  quantity  of  short 
lengths  of  rail.  The  most  suitable  for  our  purpose  are 
from  7  ft.  to  ^  ft.  in  length,  and  these  usually  cost  about 
£z  los.  per  ton  and  can  be  frequently  obtained  in  the 
neighbourhood  where  wanted.  By  this  means  the  life  of  a 
wooden  pole  can  be  indefinitely  prolonged  at  a  cost  of 
from  one-sLxth  to  one-tenth  of  the  cost  of  replacing  it  with 
a  new  pole.  The  usual  class  of  rails  obtainable  in  New- 
Zealand  weigh  40  lb.  and  53  lb.  to  the  yard — a  very  suit- 
able size  for  butting  small  poles  up  to  25  ft.  in  length. 
Heavier  rails  from  90  lb.  to  100  lb.  per  yard  are  better 
for  supporting  large  poles  up  to  35  ft.  or  40  ft.  in  length. 
For  such  poles  the  butts  should  be  9  ft.  to  12  ft.  in  length, 
and  even  longer  for  sharp  angles  carrying  a  large  number 
of  wires.  Of  course  angle  butts  should  be  placed  against 
the  front  of  the  angle,  and  where  necessary  two  rail  butts 
can  be  inserted  side  by  side  if  the  pole  is  a  square  one  of 
fair  dimensions.  The  angle  pole  can  be  held  back  by 
means  of  block  and  tackle  while  the  butts  are  being  placed 
in  position. 

.\s  the  supply  of  short  lengths  of   rail,  in  fact  any  class 


of  old  rails,  has  not  been  equal  to  the  demand  in  New 
Zealand  for  some  time,  I  have  had  some  hundreds  of  tons 
of  heavy  rails,  from  7  ft.  to  30  ft.  in  length,  imported  from 
Australia  for  the  purpose,  with  first-class  results.  I  may 
be  wrong,  but  in  my  opinion  this  method  of  prolonain" 
the  life  of  wooden  poles  is  far  ahead  of  anything  I  have 
heard  of  elsewhere.  These  rail  butts  can  be  as  readily 
attached  to  round  poles,  but  in  this  case  instead  of  placin" 
the  flat  base  of  the  rail  against  the  side  of  the  pole,  with 
the  bolts  passing  through  the  flange  of  the  rail,  the  butt 
should  be  placed  side  on  to  the  pole  so  that  the  curve  of 
the  pole  will  partly  fill  the  cavity  between  the  crown  and 
the  base  of  the  rail.  In  this  case  the  bolts  will  of  course 
pass  through  the  web  of  the  rail.  Portable,  hand  drilling- 
machines  are  generally  used  for  drilling  the  holes  in  the 
rails,  whether  through  the  flange  or  the  web  as  may  be 
required.  Care  should  be  taken  to  see  that  the  first  butt 
attached  to  a  pole  shall  be  so  placed  that  the  main  strength 
of  the  rail  will  be  so  appHed  as  to  support  the  pole  from 
cross  strain.  If  not  carefully  watched  some  linemen  and 
even  foremen  are  liable  to  disregard  this  and  to  place  the 
rail  with  its  most  effective  strength  up  and  down  the 
line,  thus  obtaining  only  about  one-third  of  the  carrying 
capacity  in  the  direction  most  in  need  of  support.  These 
rail  butts  need  not  be  inserted  until  the  pole  shows  si<ins 
of  decay.  There  are  some  totara  poles  well  over  40  years 
old  without  butts,  but  as  the  timber  becomes  more  brittle 
the  longer  it  stands,  it  is  as  well  to  attach  a  rail  butt  to  all 
poles  after  they  have  stood  for,  say,  30  years.  In  many 
cases  poles  require  butting  much  sooner  according  to  the 
class  of  ground  where  they  are  erected,  or  if  they  had  been 
seasoned  any  time  before  erection,  as  previously  pointed 
out. 

The  plan  of  attaching  rail  butts  as  indicated  has  several 
advantages.  For  instance,  when  a  foreman  is  e.xamining 
the  line  he  is  continually  coming  across  poles  which  cause 
him  a  good  deal  of  thought  as  to  whether  the  pole  should 
be  replaced  or  not.  When  these  poles  can  be  cheaply 
secured  by  means  of  a  rail  butt  he  has  less  reason  to  worry, 
and  should  so  secure  all  poles  he  has  the  least  doubt  about, 
as  the  first  essence  of  a  telegraph  service  is  freedom  from 
interruptions.  I  have  had  thousands  of  poles  secured  by 
means  of  rail  butts  and  I  have  not  known  a  single  failure. 
Many  thousands  of  pounds  have  been  saved  to  the  country 
by  this  means,  and,  no  doubt,  greater  savings  will  still  be 
made  in  future. 

The  first  iron-rail  poles  were  erected  by  my  predecessor, 
the  late  Mr.  Logan,  between  Dunedin  and  Seacliff  in  1878. 
This  system  of  using  discarded  railway  rails  has  been 
Largely  adopted  in  New  Zealand  ever  since.  Our  principal 
trouble,  however,  is  that  we  cannot  get  enough  of  them. 
When  properly  constructed  the  rail -pole  lines  give  first- 
class  results  and  are  no  more  costly  than  their  equivalent 
in  wood,  with  the  advantage  that  they  are  Jasting,  especi- 
ally the  old  iron  rails  which  were  used  before  the  advent 
of  the  steel  rail.  Like  the  old  telegraph  wire  of  40  and  50 
years  ago  the  old  rails  are  far  superior  from  a  durability 
point  of  view,  compared  with  the  steel  rails  of  recent  times. 
This  paper  would  not  be  complete  without  reference 
to  the  latest  development,  viz.  reinforced-concrete  poles. 
Over  3,000  of  these  poles  have  been  manufactured  already 
for  the  Department,  varying  from  25  ft.  to  35  ft.  in  length. 
.\bout    1,000  have  been  erected  between   Auckland   and 
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Xlcrccr,  and  a  few  elsewhere,  vi  i.»i  they  have  proved  a 
success  and  their  use  will  no  doubt  be  greatly  extended  in 
the  future,  as  there  is  every  reason  to  believe  that  their 
Lasting  properties  will  far  outreach  those  of  any  other  class 
of  pole  ;  in  fact  they  will  improve  with  age  instead  of 
deteriorating.  The  chief  objection  to  their  extended  use 
is  on  account  of  the  extra  weight  involving  increased 
transport  charges  and  erection  expenses.  In  fact  they  can 
only  be  considered  for  use  along  good  roads  or  adjacent  to 
railway  lines.  .-Vnothcr  feature  is  that  owing  to  the  rapid 
expansion  of  our  telephone  business  it  is  diflficult  to  know 
exactly  what  height  of  poles  will  be  required  in  any 
locality  a  few  years  hence,  and  owing  to  the  greater 
weight  of  these  poles  it  will  not  be  an  easy  matter  to 
remove  them  elsewhere  should  they  become  too  small  for 
the  number  of  wires  to  be  supported.  Consequently, 
seeing  the  greater  prospective  life  of  these  poles,  it  would 
not  be  good  engineering  to  sail  too  close  to  the  wind  from 
a  carrying-capacity  point  of  view.  This  brings  one  back 
to  the  £.  s.  d.  question.     As   these   poles   arc   somewhat 


dearer  than  the  equivalent  in  wood  or  iron,  apart  from  the 
added  cost  of  transport  and  erection,  and  if  a  greater 
margin  of  capacity  is  provided  for  so  that  they  may  not 
need  to  be  replaced  with  l.irger  poles  for  some  consider- 
able time,  the  gross  outlav  becomes  still  more  pronounced. 
Still  there  is  room  for  their  use  in  many  locations,  especi- 
ally where  stability  is  a  prime  consideration,  for  instance, 
along  our  main  telegraph  routes.  It  is  proposed  to  use  a 
considerable  number  from  30  ft.  to  35  ft  in  length  for 
replacing  smaller  and  defective  poles  along  the  main  line 
between  Wellington  and  the  Wairarapa.  Some  of  the 
35-ft.  poles  weigh  nearly  two  tons  ;  it  is  therefore  obvious 
that  the  question  of  transport  and  erection  is  no  light 
one. 

I  may  perhaps  have  wearied  you  somewhat  with  these 
semi-historical  details,  but  as  I  am  practically  the  last  of 
what  might  be  termed  the  "old  school  of  telegraph 
engineers,"  I  have  thought  this  summary  of  events  and 
experiences  m.iy  be  of  interest,  not  only  to  the  present' 
generation,  but  to  those  who  will  come  .iltcr  us. 
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595th    ordinary    MEETIN'G,   8    FEBRUARY,    1917. 


Mr.  C.  P.  Sparks,  President,  took  the  chair  at  8  p.m. 

The  minutes  of  the  Ordinary  Meeting  held  on  the 
nth  Januarj-,  1917,  were  taken  as  read,  and  were  con- 
firmed and  signed. 

The  list  of  candidates  for  election  and  transfer  approved 
by  the  Council  for  ballot  was  taken  as  read,  and  it  was 
ordered  to  be  suspended  in  the  Hall. 

Messrs.  H.  Honey  and  E.  R.  Myers  were  appointed 
scrutineers  of  the  ballot  for  the  election  and  transfer  of 
members,  and,  at  the  end  of  the  meeting,  the  result 
of  the  ballot  was  declared  as  follows  :— 

EttcTioNs. 
Mcmben. 
Albcrtus,  Christian  Vilhelm     Andersen,     Anders     Chris- 
G,  (ian  M. 

Westergaard,  Paul,  Capt.,  Danish  R.E. 

Afiociale  Members. 
Ilcdduc,  James  Stuart.  ( ;reenh.-ilgli,  Kr.ink. 

d'Andria,      Austin     Vivian,       H.irringlon,  James. 

2nd  Licul.,  K.E.  Hilling.  Alfred  George. 

Gctpcl,  Kenneth  Shutc.  Maunder,  Henry  Norrish. 

Muiidv,  Allied  William  II. 


Da 
D. 

IK 


(iradualci. 

"liikhaji.  H<>ii).;h.SydiKyLaiider,Junr. 

\x\.  Kilcv,  John. 

I ..  Kiiwaii,  I  i.iviil. 

Henry.  Seilgwuk.  Aiiidlil  I.inies. 

White.  Alfred. 


Siuiictiti. 


Anderson,  Norman  Leonard. 
Codd,  Edw.ud  J. 
Finch,  Percy  Rupert  C. 
Forster,  Harold  John. 
Heatly,  William  Gladstone. 


ludkcvitch,  Raphael. 
Khan,  Abdul  Hainid. 
Luboshez,  Henjamin  Kllan. 
Luboshe/.,  Sergius  N. 
Melides,  Ermeneos. 


Pollard,  Harry  Hendy. 

Th.vxsfkks. 
Aiiociale  Member  lo  Memhei. 
Allen,  Claude.  Nicholson,  John  Steel. 

Bridge,  Norman  Cressy.  Webber,     Oswald    Thomas 

Browne,  Oswald  Henry.  ()  Kelly,  Capt.,  R.E. 

Lang,  William. 

AiiOCiaU  lo  Miinbii . 
Malek,  Esmond  Morgan. 

Graduate  lo  Associate  Member. 
Smith,  Allen  Egbert. 

SliiilenI  to  AssOitale  Mimber. 
CollctI,  Thomas  Arthur.  DuranI,  Robeil  I.iines  C. 

Holllum,  Worslcv. 

Stiideiil  lo  Gniihiiite. 


Ad.iin^,  Arnold  Wilson. 
Hroadwood,  Leopold  Alfred 

T. 
ILill,  l)cni!t  Kingston. 
Ilobgeii,  Leslie  Hniges-t. 


Maiiscll,  Harold  Leslie, 
I'.int-Vaidya,       Mahadev 

Vamaii, 
Scr.ilchlcy,  Ailliiir  Victor. 
Skinner,  ll.iiold  Edward. 
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The  following  donations  were  announced  as  having  been 
received,  and  the  thanks  of  the  meeting  were  accorded  to 
the  donors  : — 

Benevolent  Fund  :  H.  Alabaster,  P.  F.  Allan,  G.  F.  Allom, 
The  Associated  Municipal  Electrical  Engineers  of  Greater 
London,  A.  H.  Bate,  S.  Beeton,  I.  Braby.  F.  C.  E.  Burnett, 
H.  C.  Channon,  R.  A.  Chattock,  W.  Church,  F.  \V.  Clements, 
W.  C.  Clinton,  The  Hon.  E.  Cozens-Hardy,  I.  S.  Dalgleish, 
J.  D.  Dallas,  F.  R.  Davenport,  B.  Davies,  F.  E.  Davies, 

B.  Dennis,  Sir  A.  Dennj-,  Bart.,  J.  Devonshire,  B.  M.  Drake, 
Dr.  C.  V.  Drysdale,  W.  Duddell,  F.R.S.,  K.  Edgcumbe, 
L.  H.  Euler,  E.  Garcke,  V.  \V.  Gill,  G.  F.  C.  Gordon, 
Dr.  R.  T.  Glazebrook,  C.B.,  F.R.S.,  B.  B.  Granger,  F.  E. 
Gripper,  C.  \V.  Gwyther,  H.  T.  Harrison,  C.  C.  Hawkins, 
W.  C.  C.  Hawtayne,  Killingworth  Hedges,  D.  Henriques, 
J.  S.  Highfield,  H.  Hirst,  H.C.  Holroyd.R.  H.  F.  Houstoun, 
The  Institution  of  Railway-  Signal  Engineers,  E.  S.  Jacob, 
Dr.  G.  Kapp,  A.  C.  Kelly,  W.  T.  Kerr,  H.  W.  KoUe,  A.  E. 
Levin,  J.  R.  P.  Lunn,  Sir  Henry  Mance,  C.I.E.,  W.  Mead, 
J.  \V.  Meares.  S.  W.  Melsom,  C.  H.  Merz,  L.  B.  Miller, 
W.  M.  Mordey,  \V.  M.  Morrison,  W.  C.  Mountain,  A.  J. 
Newman,  Colonel  A.  M.  Ogilvie,  C.B.,  C.  Oliver,  Major 
W.  A.  J.  0'MearLi,C.M.G.,  E.  Parry,  H.  Parry,  The  Hon. 
Sir  C.  A.  Parsons,  K.C.B.,  F.R.S.,  W.  H.  Pa'tchell,  C.  C. 
Paterson,  F.  G.  Payne,  \V.  Pintner,  A.  H.  Preece,  LI. 
Preece,  N.  Prentice,  H.  Faraday  Proctor,  G.  S.  Ram, 
H.  A.  Ratclift,  \V.  R.  Rnwlings,  T.  Rich.  R.  Robertson, 
S.  R.  Roget,  S.  A.  Russell,  S.  G.  C.  Russell,  E.  Seddon, 
A.  Siemens,  J.  F.  Shipley,  H.  A.  Skelton,  Sir  John  Snell, 

C.  Stewart,  A.  J.  Stubbs,  H.  W.  Sullivan.  E.  E.  Tasker, 
C.  H.  R.  Thorn.  A.   P.  Trotter,  T.  C.  T.  Walrond,  S.  L, 


Wong,    \V.    B.    Woodhouse,    J.    H.    Woodward,    C.    H, 
Wordingham,  H.  E.  Yerbury,  and  W.  Young. 

Building  Fund  :  V.  W.  GilC  H.  Hirst,  Admiral  Sir  Henry 

Jackson,  R.X.,  G.C.B.,  K.C.V.O.,  F.R.S.,  W.  M.  Mordey,. 

Professor  J.  T.  Morris,  Sir  John  Snell,  S.  L.  Wong,  and 

H.  W.  Young. 

Library  :  The  Association   of  Supervising  Electricians,^ 

;  Associazione  Elettrotecnica  Italiana,  The  Bombay  Fire 
Insurance  Association,  The  British  Electrical  and  Allied 
Manufacturers'  Association,  The  Canadian  Department  of 
Mines,  The  Canadian  Government  Trade  Commissioner,. 
The  Director  General  of  Posts  and  Telegraphs  in  Calcutta, 
A.  E.  Gott,  W.  G.  Goudie,  W.  Heinemann,  The  Japanese 
Imperial  Department  of  Communications  (Electrotechnical 
Laboratory,  Tokio),  Messrs.  Longmans,  Green  &  Co., 
W.  H.  Molesworth,  H.  Sherley-Price,  Messrs.  E.  & 
F.  N.  Spon,  Ltd.,  The  United  States  Department  of 
Commerce. 

The  President  :  I  have  to  announce  that,  in  response  to 
an  appeal  from  the  Engineering  Standards  Committee,  the 
Council  have  made  a  special  grant  of  ;f50O  to  enable 
the  Committee  to  enlarge  the  scope  of  its  activities  (see 
page  240). 

I  have  also  to  announce  that  the  Council  have  decided 
to  purchase  on  behalf  of  the  Institution  £^5,250  of  the  new 
5  per  cent  War  Loan,  and  that  the  Benevolent  Fund 
Committee  are  taking  up  £'700  of  the  Loan.     This  is  in 

,    addition  to  the  conversion  of  holdings  of  the  last  Loan. 

]        A  paper  by  Mr.  R.  Townend,  Associate  Member,  entitled 

'  "Frequency  Changers"  (see  page  197)  was  read  and 
discussed,  and  the  meeting  adjourned  at  9.10  p.m. 
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IXSTlTrTlON     NOTES. 


12  March 
at  5.30  p.m.) 


K.  Cranimond 


2^  March 
(;tt  5.-?o  p.m.) 

1  May 
(at  5.30  p.m.) 


li.  Allcock 


Sir  J.  Wolfe 
Barrv 


GRANT   TO    ENGINEERING   STANDARDS 
COMMITTEE. 

In  addition  to  its  annual  contribution  towards  the 
ordinary  expenditure  of  the  Engineering  Standards  Com- 
mittee, the  Council  have  made,  in  response  to  an  appeal  I 
from  the  Committee,  a  special  grant  of  £>sx>  towards  the 
cost  of  translation  of  the  British  Stand.ird  Specifications 
into  French.  Spanish,  and  Russian,  and  towards  the  ex- 
penses of  the  local  committees  which  the  Committee 
propose  to  set  up  in  some  12  foreign  and  British  Overseas 
countries  to  influence  the  adoption  of  British  Standards 
and  to  act  in  an  advisory  capacity  to  the  Committee  in 
London. 


EMPLOYMENT  OF   DISABLED  SAILORS  AND 
SOLDIERS. 

The  Queen  visited  on  the  2i>t  Febru-iry  the  classes  at 
the  North.impton  Polytechnic.  Clcrkenwcll,  E.C.,  for 
gi\-ing  a  preliminary  training  to  disabled  sailors  and 
soldiers  as  >ubstation  attendants  (see  page  53). 

In  the  unavoidable  absence  of  the  President,  the  Insti- 
tution \v:\s  represented  by  Mr.  C.  H.  Wordinghani,  Vice- 
!  and  the  Secretary.     Her  Majesty  showed  the 

;!crest  in  the  work  that  was  being  done,  and 
personal  enquiries  from  each  man  as  to  his  dis- 
..^.^ment  and  the  progress  he  was  making  in  his  train- 
ing.   TTie  Optical  Workshops  were  also  inspected. 

The  question  of  organizing  similar  classes  in  towns  other 
than  London  is  under  consideration  by  the  Committees  of 
the  Local  Sections. 


LECTURES. 

r.v  L.>'irtc-v  of  the  President  and  Council   of  the    Insti- 
•  !    Civil    Engineer*,   members  are    invited  to   the 

lectures  at  that  Institution,  Great  George  Street, 
;cr  : — 

"  Foreign  Trade  in  its  Re- 
lation to  Investment  of 


ACCESSIONS  TO   THE    REFERENCE   LIBRARY. 

Amkricax  S<.>cietv  of  Muchamcxi.  Ent.ixkers.  Report 
of  the  Committee  on  Standardi7.ation  of  Special  Threads 
for  Fixtures  and  Fittings.  Rolled  threads  for  screw 
shells  of  electric  sockets  and  lamp  bases.  Feb.  i;, 
1915.  8vo.     3  pp.     I. Vrj' Fort,  191 5] 

AssociAZioxE    Elf.ttrotecmca    Italiasa.      Norme    per 
I'ordinazione  e  il  coUaudo  delle  macchine  eleltriche, 
compilate  dal  Comitato  Elettrotecnico  Italiano.     Edi 
zione    1916. — Simboli   e   not.izioni    per   le   unila   e   le 
grandezze. — Simboli  per  gli  schemi. 

8vo.     76  pp.     Milano,  1916 

Badgley,  Colonel  W.  F.     Electricity  and  its  sources. 

sm.  8vo.     354  pp.     Guildford,  1916 

Bennett  College,  The.  Electricity.  Edited  by  pro- 
fessors of  the  Bennett  College. 

2  vols.     la.  Svo.     Sheffield,  [19^6] 


Capital." 

rhe  Decimal  System  of 

Weights,  Measures,  and 

Coinage." 

'  Standardization  "     (35th 

James  Forrest  Lecture) 


Vol.  5. 

Vol.  s. 


•  Scope  and  purpose  of  electric  motor  controL" 

•  Instruments. "' 


Berg,  E.  J.  and  I'pson,  W.  L.  Electrical  engineering. 
First  course.  Svo.     42!*  pp.     S'ar  York,  1916 

Bkoadbext,  F.  Dynamos  and  motor  attendants  and 
their  machines.     8th  edition. 

Svo.     227  pp.     London,  1916 

Case,  T.  W'.  Preliminary  notes  on  a  new  w.ay  of  convert- 
ing light  into  electrical  energy.  Read  before  the 
New  York  Electrical  Society,  June  14,  1916. 

8vo.     12  pp.     «./-.  [i9if>l 

Clinton,  \V.  C.  Electric  wiring.  .\  primer  for  the 
use  of  wiremen  and  students.     5'''  edition. 

sm.  Svo.     208  pp.     London,  1916 

Coombs,  R.  D.  Pole  and  tower  lines  for  electric  jxjwer 
transmission.  Svo.     2S0  pp.     S'nt  Vork.  1916 

EsGiNEEHiNO  Standards  Committee.  [Publications], 
no.  75,  76,  77.  folio.    London,  1916 

75,  British    standard    s|ieclfications   l'<r    uTOti^t   steels   (or 

aiiloniotMles. 
;6,  I^riti^h  standard  nomenclature  01  tars,  pitclies.  bilunu-ns 

and  asphalts  when  used  (or  r.iad  pun»ses,  and  British 

>t.indar(1  specifications  for  tar  and  pitch  (or  road  purpo»e». 
77,  British  stand.ird  electrical  prc-siircs  lor  new  ij-stems  and 

installations  (low  and  medium  |>rcssures). 

Exposition  Universelle  kt  Inteknatioxalk  dk  S.\n 
Francisco.     La  science  franvaisc. 

2  vols.     Svo.     r.iris,  1915 

Fleming,  A.  P.  M.,  .md  Pkakce,  J.  <•.  The  principles  of 
apprentice  training,  with  -pecial  reference  to  the 
engineering  industry,    sm.  Svo.    Ji6pp.    London,  H)}(> 


^:> 


THE     JOURNAL     OF 


Vol.  55. 


APRIL,    1917. 


No.  265. 


VOLTAGE    REGULATION    OF   ROTARY   CONVERTERS. 

By  G.  A.  JUHLix,  Member. 

(Pii/i-r  rcceivcii  30  September,  igi6  ;  n\id  befoic  The  Institution'  8  Mmcli.  before  the  Manchester  Local  Section"  13  Marcli, 
before  the  Scottish  Local  Section  20  Marcli,  and  before  the  Yorkshire  Local  Section  21  March,  1917.) 


The  importance  of  the  rotary  converter  as  a  link  in 
power  distribution  is  constantly  increasing,  as  well  as  the 
necessit\'  of  utilizing  to  the  utmost  the  material  at  our 
disposal.  In  order  to  obtain  the  best  possible  results  at 
minimum  expense,  it  is  essential  that  the  exact  conditions 
of  ^operation  as  regards  voltage  regulation  and  power 
factor  should  be  known,  and  that  the  influence  of  the 
one  upon  the  other  should  be  clearly  understood. 

The  limitations  of  the  rotary  converter  with  respect  to 
voltage  regulation  are,  of  course,  general!)'  known,  as 
well  as  the  means  adopted  for  obtaining  the  regulation, 
but  the  influence  of  the  different  methods  on  the  con- 
verter itself,  and  on  the  system  on  which  it  operates,  do 
not  appear  to  be  fully  appreciated. 

With  continuous-current  generators,  voltage  regulation 
can  be  obtained  without  difficulty  and  without  additional 
cost,  but  owing  to  the  constant  conversion  ratio  of  the 
rotary  converter,  special  means  for  regulating  the  voltage 
are  necessary  whether  the  range  of  voltage  is  small  or 
large.  Small  voltage  variations  are,  however,  obtained 
much  more  readily,  and,  as  will  be  shown  later,  it  is 
of  great  advantage  to  keep  the  range  of  voltage  within  the 
smallest  possible  limits  compatible  with  the  requirements 
of  the  service  for  which  the  machine- is  intended,  as  the 
difficulty  and  cost  may  be  increased  to  a  great  extent  by 
a  few  per  cent  extra  regulation,  which  may  bring  the 
range  outside  the  limit  of  one  s^'stem  and  therefore 
necessitate  the  adoption  of  a  more  costly  arrangement. 

Several  difterent  schemes  have  been  devised  for  the 
purpose  of  voltage  regul.ation,  but,  of  these,  only  two  have 
found  extensive  use  in  this  country.  They  may  be 
described  by  their  characteristic  features  as  follows  : — 

(i)  Reactance  control. 
(2)   Booster  control. 

Other  schemes  which  have  been  used  to  some  extent 
are  : — (a)  X'oltage  variation  by  means  of  tappings  on  the 
transformers  used  in  conjunction  with  the  converter. 
(6)  By  means  of  an  induction  regulator,     (t)  By  special 
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design  of  the  field  system,  the  poles  of  which  are  split 
up  into  two  or  three  parts,  the  voltage  variation  being 
obtained  by  varying  the  excitation  on  certain  parts  of  the 
poles.  (</)  X  combination  of  reactance  control  and  tap- 
pings on  the  transformer  is  sometimes  used  in  cases 
where  two  different  voltage  ranges  are  required  for 
lighting  and  tramway  work. 

In  such  cases,  the  transformers  are  provided  with  tap- 
pings for  the  most  suitable  voltage  for  either  range,  the 
intermediate  voltages  being  obtained  by  reactance  control, 
or  in  some  cases  by  induction  regulators. 


Reactance  Control. 

It  is  well  known  that  if  the  field  of  a  rotary  converter  is 
not  properly  adjusted  for  the  electromotive  force  supplied 
to  the  slip-rings,  corrective  currents  are  required  which 
bring  the  field  to  its  proper  strength.  The  values  of  these 
currents  depend  upon  the  adjustment  of  the  e.xcitation, 
and  may  be  very  large  if  the  field  is  too  strong  or  too 
weak.  Indeed  it  is  possible  to  operate  converters  without 
any  excitation,  in  which  case  the  required  field  is  pro- 
duced entirely  by  the  armature.  If  the  field  is  too  weak, 
the  corrective  wattless  currents  are  leading  with  respect  to 
the  converter,  but  lagging  in  the  line,  and  if  too  strong 
they  are  lagging  in  the  converter  and  leading  in  the  line. 
This  feature  of  the  converter  provides  means  for  varving 
the  voltage  at  the  continuous-current  terminals  with  a 
constant  E.M.F.  of  the  supply  by  what  is  known  as 
"  reactance  control." 

If  reactance  is  introduced  in  the  line  or  in  the  trans- 
former supplying  a  rotary  converter,  and  wattless  currents 
produced  which  flow  through  this  reactance,  the  E.M.F. 
delivered  to  the  converter  slip-rings  can  be  increased  or 
decreased  depending  on  the  change  in  the  field  strength 
of  the  machine.  This  will  be  clear  when  it  is  considered 
that  a  leading  current  is  90°  ahead  of  the  load  current,  and 
therefore  90"  ahead  of  the  E.M.F.  in  phase  with  this 
current.    The  E.M.F.  of  self-induction  produced  by  this 
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wattloi  current  lags  qo"  behind  it,  and  is  therefore  in 
pha>e  wilh  the  E.M.F.  supphed  to  the  converter,  thus 
increasing  it. 

A  la(y;inf{  current  is  90°  behind  the  K.M.F.  in  phase 
u-ith  the  load  current,  and  as  the  K.M.F.  of  self-induc- 
tion lags  90''  behind  the  current  producing  it,  it  will 
lag  180°  behind  the  supplied  E.M.F.,  consequently  de- 
creasing it.  Thus,  if  a  re.ictance  is  introduced,  the  E.M.F. 
at  the  continuous-current  terminals  can  be  increased  by 
stri  '.:  the  roUry  converter  field,  and  reduced  by 

wc  .  .e  field. 

It  IS  clear  that  the  wattless  currents  may  be  produced 
by  v-ariation  in  the  shunt  current,  in  which  case  the  volt- 


With  unity  power  factor  at  the  converter.  Fig.  i  (a) 
shows  the  relations  between  the  different  electromotive 
forces. 

A  B  is  the  electromotive  force  Er  desired  at  the  con- 
tinuous-current terminals  reduced  to  equivalent  slip- 
ring  E.M.F. 

HC  denotes  the  E.M.F.  due  to  the  load  current  I, 
Howing  through  the  re.ictance  X,  and  is  equ;il  to  I.  X,  and 
displaced  by  90"  from  Er. 

C  D  is  equal  to  I.  R  or  the  ohmic  drop  due  to  the  lo.id 
current,  and  is  of  course  in  phase  wilh  the  converter 
voltage. 

A  D  then  represents  the  electromotive  force  Er  required 


i«n, 


I-R 


(C) 

^-^^XM  >Y-^'' 

!>- 

K. 

\l.,X 

UV 


Kiii.   I. — Di.if;r.iiri  nf  K.M.F.'s  of  rotary  omvcrlcr  with  varying  power  faolor. 
A    Unity  power  (actor.  U.  l.a£itlngp«u-erliclor.  C.  l^adlnG  power  factor. 


li-pcndent  of  the  load,  or,  if  the  voltage 
\'-A  as  a  function  of  the  load,  the  watt- 
le** current*  may  be  produced  by  a  series  winding.  The 
relation*  l»ctween  the  different  electromotive  forces  are  of 
con*iderable  importance,  and  although  generally  known 
arc  well  worth  a  Mudy.  Fig.  1  (a,  11,  and  c)  shows  the 
dijgcatn*  of  electromotive  force*  for  different  conditions 
lent.     The  following  symbols  arc 


I.  ^  A.C.  loiul  current. 

I.  =  AC.  wattle**  current. 

X  «■  Neaclancc  in  Iranvfortncr  and  converter. 

K  "  Total  re*i*lance  of   the  circuit,  i.e.  transformer 

and  converter. 
/  M  Impedance. 


on  the  high-tension  side  of  the  transformer,  reduced  to  the 
slip-ring  E.M.F. 

If  the  power  factor  at  (he  converter  differs  from  '.'lity, 
the  relation  between  the  impressed  and  delivered  cleclro- 
niotivc  forces  is  somewhat  more  complex  on  account  of 
the  wattless  current. 

Fig.  I  (n)  and  Fig.  1  (c)  arc  diagrams  of  the  electromotive 
forces  for  the  conditions  of  lagging  and  leading  currents 
respectively. 

A  H  is  as  before  the  ctpiivalent  voltage  at  the  continuous- 
current  terminals. 

lit."  =  I.  X,  the  E.M.F.  due  to  the  load  current  through 
the  reactance,  and  C  I)i=  I.  R,tlic  E.M.F.  due  to  the  ohmic 
drop. 

H  I)  is  then  the  impedance  drop  due  to  the  load  current 
and  is  equal  to  1./. 
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I-  Referring  to  the  electromotive  forces  due  to  the  wattless 
current  I„„  it  is  clear  that  the  impedance  E.M.F.  due  to 
this  current  must  be  at  right  angles  to  l.,Z.  It  consists  of 
two  components,  I„X  and  I,„  R.  I,„X  is  in  phase  with  Er 
when  tlie  power  factor  is  leading,  and  in  time  phase  with 
but  opposing  Er  when  the  power  factor  is  lagging.  I„,  R 
is  displaced  by  90^  from  I„,  X.  The  electromotive  force 
I,„Z  due  to  the  wattless  current  flowing  through  the 
impedance  is  then  represented  by  D  F,  and  the  electro- 
motive force  I  Z  of  the  total  current  flowing  through  the 
impedance  by  the  line  B  F. 

If  the  resibtance  and  reactance  are  known,  together  with 
the  transformer  electromotive  force  Et,  I,„  Z,  and  hence  I^ 
may  be  obtained  by  taking  A  as  the  centre  for  a  circle  with 
radius  Et,  and  striking  an  arc  intersecting  a  line  at  right 
angles  to  B  D  through  D.  I„,  Z  is  then  given  by  the  length 
of  the  line  from  D  to  the  point  of  intersection. 


0)  o 
Q.  c 


10        20        30        -iO        50        60 

Per  cenc   CoCal   reacCdnce 


Fig.  2. — Curves  shmvlng  relation  between  reactance  and  watt- 
less current  required  in  rotary  converters  lor  different 
amounts  of  over-compounding. 

Resistance  =  3  %. 


If,  on  the  other  hand,  a  certain  value  of  I„.  is  desired, 
Et  may  readily  be  obtained  by  setting  off  1^,2  on  the  line 
through  D,  in  which  case  Et  is  determined. 

It  may  now  be  of  interest  to  consider  briefly  the  relations 
between  reactance,  resistance,  and  wattless  current  for 
different  amounts  of  compounding. 

In  order  to  determine  the  most  satisfactory  value  of 
reactance  for  a  given  compounding,  it  is  necessary  to  know 
the  change  in  wattless  current  with  varying  values  of 
reactance. 

The  E.M.F.  of  the  high-tension  side  of  the  transformer 
is  assumed  to  be  constant,  and  as  the  E.M.F.  desired  is 
fixed  at  no  load  and  full  load,  an  expression  for  the  electro- 
motive force  Et  is  easily  obtained  assuming  the  power 
factor  at   the   converter   to  be   unity   at   full   load,   from 


which  the  value  of  the  wattless  current  is  obtained.  Fig.  2 
shows  the  approxiinate  relation  between  wattless  current 
and  reactance  for  different  values  of  compounding.  The 
curves  are  approximate  in  so  far  that  the  influence  of 
saturation  in  the  converter  has  not  been  taken  into  account. 
It  would  obviously  not  be  possible  to  make  allowance  for 
this,  owing  to  the  very  wide  range  over  which  it  varies  in 
different  designs.  The  influence  of  the  saturation  on  the 
compounding  will,  however,  be  discussed  later.  The 
curves  are  based  on  the  assumption  that  the  E.M.F.  of 
self-induction  of  the  transformer  varies  in  direct  proportion 
to  the  current.  A  total  resistance  drop  of  3  per  cent, 
including  transformer  and  converter,  has  been  assumed. 
This  value  will  of  course  vary  with  the  capacity  and  voltage 
of  the  machine  under  consideration,  but  may  be  taken  as 
an  average  for  ordinary  outputs  and  voltages.  The  ohmic, 
as  well  as  the  reactance  E.M.F.  is  expressed  as  a  per- 
centage of  the  no-load  E.M.F.,  and  the  power  factor  has 
been  taken  as  unity  at  full  load.  The  curves  may,  how- 
ever, be  used  without  any  appreciable  error  in  cases  where 
unity  power  factor  is  desired  at  any  other  load.  In  such  a 
case  the  value  obtained  from  the  curves  does  not  represent 
the  wattless  current  at  no  load,  but  what  may  be  termed 
the  change  in  wattless  current  between  no  load  and  full 
load.  For  example,  10  per  cent  compounding  with  a 
reactance  of  25  per  cent  gives  63  per  cent  wattless  current 
at  no  load  with  unity  power  factor  at  full  load.  If,  instead, 
it  should  be  desired  to  obtain  unity  power  factor  at  half 
load,  the  wattless  current  would  be  approximately  half  of 
this  value,  lagging  at  no  load  and  leading  at  full  load.  The 
amount  of  series  field  required  would  therefore  be  approxi- 
mately the  same  in  either  case. 

Referring  to  Fig.  2,  it  will  be  seen  that,  except  in  cases 
of  high  percentage  of  compounding,  the  reduction  obtained 
with  increased  reactance  is  very  small  when  the  reactance 
is  higher  than  30  per  cent.  Higher  values  than  this  are 
seldom  met  with  in  practice,  as  transformer  builders  are 
unwilling  to  build  transformers  having  very  high  reactance, 
and  the  extra  cost  entailed  in  providing  separate  reactance 
is  not  compensated  for  by  the  small  reduction  obtained  in 
the  wattless  current. 

The  question  as  to  the  point  of  the  load  at  which  unity 
power  factor  at  the  converter  should  be  obtained,  is  of 
considerable  importance.  Large  lagging  currents  can  be 
carried  by  the  converter  at  no  load  without  difficulty, 
and,  so  far  as  the  system  is  concerned,  a  lagging  power 
factor  is  less  objectionable  at  light  loads  than  at  heavy 
loads.  If  the  lagging  currents  are  large  at  no  load,  the 
leading  currents  required  at  full  load  or  overload  are 
reduced,  which  is  advantageous  for  the  converter  as 
regards  losses  in  the  arinature  as  well  as  the  field 
copper. 

For  railway  service  it  is  usual  to  adjust  the  field  so  that 
unity  power  factor  is  obtained  at  three-quarter  to  full  load. 
In  general,  it  may  be  said  that  it  should  be  at  a  point 
somewhat  above  average  load,  and,  in  making  the  choice, 
due  consideration  should  be  given  to  the  extent  and 
duration  of  overloads. 

Low  reactance  and  large  wattless  currents  give,  in  cases 
where  the  saturation  of  the  converter  is  low,  better  com- 
pounding on  overloads  than  high  reactance  and  small 
wattless  currents,  but  in  machines  where  the  saturation 
is  high  the  reverse  may  be  the  case. 
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l:tc  influence  of  saturation  and  leakage  may  be  seen  in 
1  iic  diagram  of  clectroniotive  forces  of 

.t  for    ID  per  cent  ovcr-coinpouiidii)}; 

fi  !      Tlie  tot.il  rcsisUnce  drop  of 

c  is  taljen  lo  be  _;  per  cent,  and 

the  reactance  2-i  per  cent,  including;  that  of  the  converter 
ariualurc.  Tlie  power  factor  at  the  converter  has  licen 
asMiiiied  lo  be  unity  at  full  load. 

The  lagging  current  required  at  no  load  would  be  «>3  per 
cent  of  the  full-laid  current,  and  conseijucntly  the  ampere- 
turn^  ot    the   series   field    should    Ix-   03   per   cent  of  the 


a  diminution  of  the  compounding.  In  the  case  under 
consideration,  the  increase  in  the  scries  field  .imountcd 
to  8  per  cent,  so  that  71  per  cent  instead  of  ^13  per  cent 
would   be  necessary. 

Another  point  which  is  of  iiiiport.incc  in  machines  with 
high  saturation  is  tlial  the  leak;ige  is  increased  when  large 
le;iding  currents  are  produced.  This  me.ins  that  an  in- 
crease in  field  current  is  required,  in  order  to  produce  the 
necessary  llux  ;  but,  as  no  ch;u)ge  is  made  in  the  field 
current,  the  result  is  a  reduction  in  the  amount  of  leading 
current  produced  by  the  series  field  and  conscquentlv  in 


I20 


Kio.  .1. — Diagram  l>f  E.M.K.'s  of  compounded  roUirv  converter  ;  compounding  by  means  of  reactance  haxnng  straight 

line  characteristic. 
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iter.    Owing  to  the  saturation,  how- 

li   required  at   the  full-load  volt.ige 

!iially  ohiiiined,  as  the  shunt  current 

.  <-.  Ill  lined  proportion  lo  the  voltage,  and 

I   mu«l  Ihcrcfote  be  compensated  for  by  means 

N  from  the  line.     This  would  mean  that 
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'  iiigh  Mlnralinn,  thin  difference  may  be 

■  m.riM    n«    already    pointed    out,   cauic 


the  compounding.  That  the  influence  of  saturation  and 
leakage  is  by  no  means  negligible  is  shown  in  Fig.  3,  by 
the  reduction  in  wattless  current.  The  difference  in  com- 
pounding obtained  with  and  without  allowance  for  satura- 
tion is  shown  by  curves  I  and  II,  Fig.  3. 

The  use  of  reactive  iron  in  transformers,  which  is 
employed  when  a  large  amount  of  reactance  is  desired, 
has  considerable  iiiMiieiicc  on  the  amount  of  wattless 
I  current  and  series  field  required  in  order  to  obtain  a  given 
compounding,  if  the  reactive  iron  is  saturated,  as  in  this 
case  the  K.M.F.  of  self-induction  is  not  proportional  lo 
the  current. 

In  order  to  show  clearly  the  effect  nf  saturated  reactive 
iron  upon  the  amonni  '•<  •.■•n."-  dcld  required,  and  on  the 


JUHLIN:   VOLTAGE   REGULATION    OF   ROTARY   CONVERTERS. 


•245 


compounding,  a  transformer  has  been   chosen   in   which  The  requirements  as  regards  compounding  are  the  same 

the    reactive    iron    is    practically   saturated  at   full    load    ,    as  in  the  previous  case,  and  the  transformer  E.M.F.  required 
(saturation  assumed  to  be  reached  at  22,000  C.G.S.  lines) ;    !   is  therefore  also  the  same.     The  series  field  necessary  to 
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Fig.  4. — Diagram  of  K.M.F.'s  of  compound-wound  rotary  converter;  compounding  by  means  of  reactance. 
Reactive  iron  saturated  at  about  full  load.  Reactance  at  full  load  =  25%.  Resistance  =  i  %. 
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-Curves  showing  wattless  current  required  for  10% 
over-compounding  ;  25  %  reactance. 

.^.  With  straight  line  reactance  and  71  "/.j  series  held. 

B.  With  reactive  iron  saturated  at  about  full  load,  and  33  0  o  series  lield. 

forces,  together  with  the  compounding  curve,  is  shown  in 
Fig.  4- 


obtain  the  compounding  is,  however,  much  smaller,  due 
to  the  high  reactance  at  low  currents  ;  it  amounts  to  33 
per  cent,  including  the  necessary  allowance  for  saturation, 
as  against  71  per  cent  with  the  straight-line  reactance. 
The  wattless  currents  at  different  loads  are  shown  in 
Fig.  5,  from  which  it  will  be  seen  that  with  saturated 
reactive  iron  at  no  load  only  40  per  cent,  and  at  twice 
full  load  45  per  cent,  of  the  value  required  with  straight- 
line  reactance  are  necessar}'.  It  will  be  noted  from  Fig.  4, 
however,  that  although  the  same  percentage  compounding 
is  obtained  at  full  load,  the  shape  of  the  compounding 
curve  is  not  as  good.  At  light  loads  the  voltage  rises  very 
rapidly  and  reaches  a  maximum  at  about  full  load. 

Comparing  this  with  curve  I,  I'-ig.  3,  it  will  be  seen  that 
in  this  case  the  voltage  reaches  a  maximum  at  about  100 
per  cent  overload  so  that  the  regulation  in  this  case  is 
somewhat  better.  The  difference  is  not  great,  and,  in 
cases  where  the  design  of  the  converter  permits  the  use 
of  saturated  reactive  iron,  the  advantage  would  seem  to 
warrant  its  adoption. 

The  difference  in  the  shape  of  the  compounding  curve 
requires  some  consideration,  owing  to  the  unequal  voltages 
obtained  at  different  loads,  as-  in  extreme  cases  this  may 
lead  to  difficulties  as  regards  division  of  load  between 
machines  provided  with  transformers  h.aving  different 
types  of  reactance. 

In  the  case  of  voltage  regulation  being  obtained  by 
shunt  control,  the  relations  between  the  different  electro- 
motive forces  of  the  converter  and  the  transformers,  all 
reduced  to  the  ecjuivalent  secondary  transformer  E.M.F., 
are  shown  in  Fig.  6. 
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liji  cxinditions  have  been  assumed  for  the  case 


VoKaijc  regulation,  15  per  cent,  i.e.  ±  73  per  cent  on 

ie  of  the  mean. 
1  .   :  .ncc.  15  per  cent. 

Total  rcsiilance  drop,  3  per  cent. 

The  mean  voltage  required  on  the  converter  has  been 
taken  as  the  ba^is  for  the  reactance  and  resistance,  which 
are  therefore  expressed  as  3  percentage  of  this  voltage. 


tion  in  the  wattless  current  is  obtained  by  the  use  of  satu- 
rated reactive  iron.  The  advantage  of  this  is  very  small, 
as  the  reduction  of  the  wattless  current  is  not  of  any 
importance  so  far  as  the  converter  itself  is  concerned. 
Some  advantage  as  regards  power  factor  is  of  course  also 
obtained  at  the  low  loads. 

It  will  be  noticed  tliat  the  curve  giving  the  wattless 
current  at  the  low  volLigc  has  a  peculi.ir  shape  (sec  Kig.17). 
This  is  due  to  the  fact  that  the  reactance  is  a  function  of 
the  current,  so  that  as  the  load  decreases  the  reactance 
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Fic.  6. — E.M  1-.  (ii.if;i.iin  of  shunt-wound  converter  with  reactance  control. 
Reactance  =  35  %.  Kc^islancc  =  3^  ... 


Tltc  amount  of  reactance  must,  as  in  the  case  of  com- 
pounding, be  determined  by  considerations  of  design  of 
the  converter,  and  also  by  the  conditions  desired  for  the 
supply  circuit. 

With  any  voltage  variation,  the  value  of  the  wattless 
current  required  with  a  given  reactance  depends  on  the 
conditions  as  to  p<iwer  factor  desired  on  the  high-tension 
side  of  the  transformer.  In  the  absence  of  any  definite 
specification  in  this  respect,  the  conditions  most  favourable 
to  the  converter  are  equal  leading  and  lagging  currents  at 
the  extreme  voltages,  as  this  will  give  minimum  heating 
of  the  armature  winding,  which  is  a  most  desirable  condi- 
tion. This  condition  should  be  obtained  at  the  maximum 
continuous  load  of  the  converter. 

Krom  the  point  of  view  of  field  healing,  large  leading 
currents  arc  of  course  undesirable,  but  as  it  is  generally 
po»siblc  to  provide  room  for  the  field  copper,  this  is  not  a 
'""  ■  ire  in  design.    In  the  case  under  consideration, 

""  ■  urrent  has  been  proportioned  for  minimum 

arnMliire  Kipper  losses  at  full  load.  Under  these  conditions 
the  w.iltlcs>  current  icquircd  at  the  high  volUagc  will 
incrcan:  with  the  load,  whereas  at  the  low  voltage  the  walt- 
IcM  current  ii  a  maximuai  at  no  load.  The  wattless 
cuTTcnU  required  at  different  loads  (or  the  ni.axinium  and 
mir  -  ■•  I 

'  len  that  the  wattless 

iitlil  lequiicd  were  rciluccd  bv  the 

vc  iron.      With   shunt    control  the 

*••  piircd  IS  pi.Klically  the  same  from  about 

'"''  ',  with   Mraiglit-line    reactance,  as  with 

Mltvalcd  reactive  iron.    Al  lower  loadk,  however,  a  reduc- 


incrcascs.  The  result  is  that  although  the  reactance  drop 
is  increased  the  wattless  current  required  is  decreased, 
due  to  the  higher  reactance  obtained  when  tjie  total 
current  through  the  reactance  is  low.  It  should  be  noted 
that   the   w.itlless    current    shown    must    necessarily    Ik 
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Kl(..  7  —Curves  showing  wattless  current  in  shuiil-wouiid 
rolarv  converter. 
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approximate,  as  it  is  indeterminate  and  must  be  obtained 
by  trial  and  error.  This  is  specially  the  case  at  light  loads 
where  a  small  change  in  the  current  makes  a  great  change 
in  the  reactance,  l-roin  the  foregoing  it  will  be  seen  that 
there  is  no  advantage,  as  far  as  the  converter  is  concerned, 
in  using  saluiated  reactive  iron,  when  the  voltage  variation 
it  obtained  by  shunt  control. 
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A  possible  disadvantage  in  connection  with  the  rotary 
converter  is  that  the  saturated  iron  may  cause  sufficient 
distortions  to  the  E.M.F.  wave  to  make  the  corrective, 
higher  harmonic,  currents  necessary  to  counteract  these 
distortions  objectionable  from  a  point  of  view  of  commu- 
tation. 

The  question  of  power  factor  obtainable  on  converters, 
where  voltage  variation  is  obtained  by  reactance  control, 
is  of  considerable  importance  from  the  point  of  view  of 
both  the  designer  and  the  operating  engineer.  It  should 
be  made  clear  at  the  outset  that  power  factor  correction 
cannot  be  obtained  at  will  b}'  a  converter  operating  under 
these  conditions,  as  it  is  a  fixed  quantity  for  a  given 
voltage  and  load  depending  on  the  amount  of  regulation 
required,  as  well  as  on  the  point  at  which  unity  power 
factor  is  desired.  The  power  factor  at  the  converter  for 
a  given  load  is  fixed  by  the  amount  of  wattless  current, 
leading  or  lagging,  necessarj'  to  obtain  the  specified 
regulation.  The  power  factor  on  the  high-tension  side 
differs,  of  course,  materially  from  that  of  the  converter 
itself,  as  the  voltage  on  the  primary  side  is  displaced  from 
that  of  the  secondary  side  through  the  introduction  of  the 
reactance.  Furthermore,  the  magnetizing  current  of  the 
transformer  affects  the  amount  of  wattless  current  on  the 
high-tension  side,  increasing  the  current  when  lagging, 
but  decreasing  or  increasing  it  when  leading,  depending 
on  the  relative  value  of  the  wattless  current  in  the  converter 
and  the  magnetizing  current. 

If  the  angle  of  displacement  due  to  wattless  current  be  i^, 
we  have 


tan  li,  ^- 


I« 


where  l„  is  the  magnetizing  current  of  the  transformer. 

The  angle  of  displacement  between  the  high-tension 
transformer  E.M.F.  and  the  E.M.F.  delivered  to  the  rotary 
is  ip.  which  can  be  obtained  from  Fig.  i. 

The  power  factor  on  the  high-tension  side  of  the  trans- 
former will  then  be — • 

Cos  (0  —  4'')  '■'itt'  leading  current, 
and  Cos  (0  -f  ^,)      „     lagging 

For  the  case  under  consideration,  the  power  factor  of 
the  rotary  converter  and  on  the  high-tension  side  of  the 
transformer  would  be  as  follows  : — 

Voltage  107-5  ?o       100  %  92-5  % 

Power  factor  at  converter 

cos  4'  096  I'o  o'Q^ 

Power  factor  on  h.t.  side 

cos  {,0  ±  i/',)        10  0-96  (lagging)     0-84  (lagging) 

)//  being  the  angle  of  displacement  of  the  currents  at  the 
converter.  In  arriving  at  these  figures  the  magnetizing 
current  has  been  taken  as  5  per  cent. 

As  already  stated,  the  wattless  current  has  been  pro- 
portioned for  minimum  heating  of  the  converter  armature 
copper.  It  would  of  course  be  possible  to  proportion  the 
wattless  current  so  that  a  leading  power  factor  is  obtained 
at  the  high  voltage  with  consequent  improvement  of  the 
power  factor  at  the  low  voltage.  This  would  mean  a 
considerable  increase  in  the  wattless  current  at  the  higher 
voltage,  resulting  in  increased  heating  of  the  armature 
copper,  and,  as  the  current  is  leading,  also  increased  field 


heating.  At  the  overloads  these  conditions  are  of  course 
accentuated.  The  power  factor  at  light  loads  and  low 
voltage  would  be  improved,  but  the  advantage  obtained 
would  not  be  very  material  from  the  point  of  view  of 
either  the  converter  or  the  supply  system,  as  the  heating 
of  the  converter  is  small  at  the  low  loads  and  the  supply 
system  is  better  able  to  deal  with  a  low  power  factor 
at  light  loads. 

In  order  to  obtain  unity  power  factor  on  the  high-tension 
side  at  the  mean  voltage,  63  per  cent  leading  current  would 
be  required  at  full  load  to  reach  the  maximum  voltage.  If 
100  per  cent  overload  should  be  required  at  the  ma,\imum 
voltage,  the  leading  current  at  this  load  would  be  122  per 
cent,  and  the  power  factor  at  the  converter  would  be 
85  per  cent  leading.  At  the  low  voltage,  the  wattless 
current  would  be  58  per  cent  leading  at  too  per  cent  over- 
load, and  the  power  factor  96  per  cent  leading  at  the 
converter.  The  difficulties  in  dealing  with  these  large 
wattless  currents  will  readily  be  appreciated  when  it  is 
considered  that  the  I-  R  losses  in  the  tap  coils  at  100  per 
cent  overload,  with  122  per  cent  wattless  current,  would 
be  3-1  times  the  losses  at  this  load  if  the  power  factor 
were  unity. 

From  the  foregoing,  the  importance  of  reducing  the 
voltage  variation  to  the  smallest  possible  value  required  for 
the  service  on  which  the  machine  is  intended  to  operate 
will  be  appreciated,  as  well  as  the  necessity  of  allowing  the 
manufacturer  a  certain  amount  of  latitude  in  regard  to  the 
specification  of  the  power  factor  of  a  machine  with  a  wide 
voltage  variation.  By  careful  consideration  of  the  require- 
ments as  to  voltage  variation  and  power  factor  obtainable, 
it  is  possible  to  apply  the  reactance  control  up  to  fairly 
large  variations  in  voltage  without  serious  interference 
with  the  power  factor. 

In  cases  where  two  distinct  ranges  of  voltage  are 
required,  a  combination  of  reactance  control  and  tappings 
on  the  transformer  is  capable  of  wide  application,  and 
deserves  more  consideration  than  it  has  received  up  to 
the  present.  In  many  cases  pressures  of  400  to  440  volts 
are  required  for  lighting  and  500  to  550  volts  for  traction. 
The  following  table  shows  the  power  factor  at  the  con- 
verter and  on  the  high-tension  side  of  the  transformer 
which  can  be  obtained  without  excessive  wattless  currents. 
These  currents  are  also  given  in  the  table  : — 

Max.  Volts  440         Mean  Volts  420  Min.  Volts  400 

I„ 47%  (leading)  26%  (leading)     6  %  (leading) 

Full-load  power  factor  at  converter — 

o'9  (leading)    o'967  (leading)  0-998         „ 
Power  factor  on  h.t.  side — 

0-99  (leading)  0998  (lagging)  0-97  (lagging) 
No-load  I-^      22  %       „  o  „  19  % 

For  the  500-  to  550-volt  range,  the  wattless  current  can 
be  kept  within  the  same  values  as  the  above,  .and  the 
power  factor  would  therefore  be  approximately  the  same. 

By  increasing  the  leading  current  at  the  maximum 
voltage,  it  would  of  course  be  possible  to  obtain  unity  or 
even  a  leading  power  factor  at  the  lower  voltage,  which 
may  be  of  advantage  in  special  cases. 

The  range  of  voltage  variation  obtainable  with  reactance 
control  is  limited  on  account  of  the  excessive  wattless 
currents   required,   and   the   low    power  factor    resulting 
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thrrirfrom.     It  is  hardly  possible  to  fix  any  definite  limit, 
x%  It  ci< :    fi  ^^  larj;cly  on  the  power  factor  pc^ni^siblc  on 
thr  ion  side. 

'I  ..I  ......■..»  currents  necessary'  to  obtain  ±  7J  per  cent 

volta{>c  varution  with  25  per  cent  reactance  may  be  ob- 
tained from  Fig.  6.  T!  '  -  were  based  on  tlie  con- 
ditions of  minimum  !  the  converter,  and  the 
pou  ')n  the  h  i  side  of  the  transformer 
wo~.  rca«>n  I  it  low.  The  figures  are 
as  follows : — 


Mas.  VolU  Mr.<:.   \..iU 

1 1.  ...    31  %  o 

,.  ,,  J  Power  factor  at  converter— 
rull  I  ... 

load  I  °''55  <''^a'''nRi  'o 

1  Power  factor  on  h.t  side— 

I  o  0963  (lagging)  0-84 


Min.  VolU 

o'95503gg'ng) 


Considerably  better  power  factors  can  be  obtained   by 

■k-ss  current,  which  maybe  done  without 

iiltics.     How   far    the    current   can   be 

i  depends  on  the  particular   design   under  con- 

■i.  but  it  is  safe  to  a-sunie  that  50  lo  60  per  cent 
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25  SO         X 

Per  cent  reactivnce 

thowins  Ix'Wcr  factors  obtainable  on  the  hifih- 
,    ,.i   11,.    1,  '•> -farmer  of  a  rotary  converter  (or 
Voltage  regulation  of  ±  7-5% 
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wattless  current  can  be  carried.  Fixing  the  limit  at  55  per 
cent,  and  assuming  as  before  a  reactance  of  25  per  cent, 
the  following  table  gives  the  results  as  regards  wattless 
current  and  power  f.ictor  at  the  difTcrent  voltages  : — 

Mj<  V«II>  Mcjii  Villi*  Min.  Volti 

j''»  -    55  %  (leading)  24  %  (leading)  6  %  (lagging) 

,.  „  I  Power  f,.'  '  •'   ■'  ■  'mvcrter— 
Full  I  , 

I  Power  f..  t.  side — 

No  load.  I.    28  ■■„  3  •■..  flagging)  31  %        „ 

'    ~       '    "      '  it   will  Ik'  .-igrced,  arc  siilTicienlly 

■1  niovi  systems,  and  indicate  that 

■  uijii  tuu-iUucd  ik  within  the  limits  for  practical 

'  nt    in    power    factor   is 

iiie,   but  it  is  very  sniall 

I  wln-ther  it  is  worth  while  lo  use 

""•'  the  increased  difTiculticii  in 

'   ill  the  transformer. 

* "UK'    "I  |"»»i  I   lattoi  with  varying  reactance  is 

•hown   in    Pig,  H,  and   it   is  interesting   to  note  that   no 


improvement  is  obtained  bv  increasing  the  reactance 
above  30  per  cent. 

In  general,  it  may  then  he  said  that  the  limit  of  voltage 
variation,  for  which  reactance  control  is  applicable,  is 
about  ±7j  per  cent,  but  it  should  be  noted  th.-it  if  the 
question  of  power  factor  is  not  of  great  importance,  a 
greater  range  than  this  can  be  obtained  with  a  wattless 
current  of  55  per  cent  at  full  load. 

A  point  of  considerable  importance  in  this  connection  is 
that  it  is  possible  to  provide  for  a  greater  range  in  cases 
where  the  extreme  limits  are  required  for  a  short  time 
only,  as  in  the  case  of  paralleling,  due  to  the  fact  that 
larger  wattless  currents  m.iy  be  carried  for  short  pieriods 
than  would  be  the  case  for  continuous  operation.  In  such 
cases  it  may  be  of  advantage  to  consider  the  reactance 
control  for  ranges  which  would  otherwise  be  considered 
outside  the  limits  as  regards  power  factor  and  wattless 
current  on  the  converter. 

liOOSTF.R    COXTROL. 

This  method  of  voltage  control  is  employed  to  a  great 
extent  for  all  classes  of  service. 

As  is  well  known,  the  voltage  variation  is  obtained  by 
the  use  of  a  synchronous  booster  mounted  on  the  shaft 
of  the  converter.  The  type  generally  adopted  is  that  with 
a  revolving  armature  mounted  between  the  converter  slip- 
rings  and  armature.  Tlie  field  may  of  course  be  provided 
with  shunt  or  scries  windings,  or  both,  in  .iccordancc  with 
the  requirements  of  the  service  for  which  the  converter  is 
intended. 

With  the  booster  field  unexcited  and  the  converter 
oper.iting  on  unity  power  factor,  it  is  clear  that  the 
E.M.F.  of  the  converter  is  not  affected  by  the  current 
passing  tlirougli  the  booster,  except  to  a  very  small  extent, 
due  to  the  impedance  drop  in  tlie  booster  armature.  This 
is,  however,  exceedingly  sniall.  as  the  ohmic  drop  is  only 
a  small  percentage  of  the  booster  voltage  and  therefore 
negligible  as  far  .is  the  converter  voltage  is  concerned,  and 
the  rcictancc  drop  is  equally  unimportant,  lacing  <^°  behind 
the  delivered  K.M.F.  The  armature  reaction  is  of  course 
purely  distortive.and  has  therefore  practically  no  inlluencc 
on  the  voltage. 

When  the  power  factor  varies  from  unity,  the  conditions 
.ve.  however,  quite  different,  as  the  booster  armature 
reaction  is  then  either  inTignetizing  or  dem.ignelizing, 
and  the  booster  .armature  magnetomotive  force  must 
therefore  be  balanced  by  an  equal  number  of  ampere- 
turns  on  the  booster  field.  The  booster  lield  may  there- 
fore require  a  certain  amount  of  excitation,  .although  no 
change  in  the  converter  K.M.F.  is  required.  Conversely  it 
is  possible  to  obtain  boost,  positive  or  negative,  without 
exciting  the  lield  of  the  booster,  bv  producing  wattless 
curients  in  the  converter  which  will  produce  the  excita- 
tion of  the  Ivjoster.  This  fe.ilure  may  be  of  service  in 
cases  of  emergency,  such  as  when  it  is  desired  to  put  a 
converter  into  service  and  the  busbar  voltage  has  fallen 
below  the  lowest  voltage  obtainable  from  the  converter 
under  normal  running. 

From  the  above  it  is  clear  that  the  power  f.ictor  is  under 
complete  control  in  a  booster  type  of  converter,  ak  the 
influence  of  the  wattless  cuireni  on  the  K.M.F.  can  be 
counterbalaiKCfl  by  the  excitation  of  the  boostei  field,     it 
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should  be  noted,  however,  that  it  is  essential  not  to  operate 
a  booster  converter  at  a  lagging  power  factor,  as  this  will 
overload  the  booster  field  when  raising  the  voltage,  and 
may  account  for  the  booster  not  giving  its  full  range  of 
voltage. 

The  fact  that  the  power  factor  can  be  kept  at  unity,  or 
leading,  if  desired,  is  undoubtedly  the  chief  reason  why 
the  booster  type  of  converter  has  found  such  an  extensive 
use.  Some  doubt  may  be  expressed,  however,  as  to 
whether  this  extensive  use  is  altogether  justified,  as  in 
many  cases  where  comparatively  small  voltage  variations 
are  required,  and  the  converter  is  not  required  to  give 
wattless  currents  for  power-factor  improvement,  the  re- 
actance control  could  be  employed  with  equally  good 
results. 

The  advantages  of  the  booster  converter  are  quite  clear 
and  well  appreciated,  whereas  its  disadvantages  are  not  so 
apparent. 

It  is  from  the  point  of  view  of  the  designer  rather  than 
the  operating  engineer  that  the  booster  converter  presents 
difficulties,  but  as  the  subject  is  of  considerable  impor- 
tance it  may  be  of  interest  to  study  briefly  the  influence 
of  the  booster  on  one  of  the  most  important  character- 
istics of  the  converter,  i.e.  the  commutation.  As  this  point 
is  of  practical  importance  in  the  interpolo  type  of  con- 
verter, only  this  type  will  be  dealt  with. 

In  the  simple  converter  all  the  electrical  energy,  except 
the  small  part  absorbed  in  the  losses,  supplied  on  one  side 
is  transformed  electrically  and  delivered  in  the  form  of 
electrical  energy  on  the  other  side  of  the  converter.  The 
total  armature  reaction  is  in  this  case  only  produced  by 
the  losses  in  the  converter,  but  the  distribution  over  the 
pole-pitch  is  not  uniform,  with  the  result  that  a  certain 
part  is  acting  in  the  interpolar  space.  This  must  be  com- 
pensated for  by  a  certain  number  of  ampere-turns  on  the 
interpole.  The  armature  magnetomotive  force  is  under 
these  conditions  a  simple  function  of  the  load,  and  can 
therefore  be  taken  care  of  by  the  ordinary  commutating- 
pole  winding  excited  by  the  load  current. 

When  the  booster  is  used,  the  effect  of  the  converter 
armature  is  more  complicated,  due  to  the  fact  that  a  part 
of  the  electrical  energy  supplied  to  the  converter  is  trans- 
formed into  mechanical  power  and  transmitted  through 
the  shaft  to  or  from  the  booster,  the  direction  depending 
on  whether  the  boost  is  positive  or  negative.  In  the  case 
of  positive  boost,  i.e.  when  the  E.M.F.  of  the  converter  is 
increased,  it  acts  partly  as  a  motor  supplying  mechanical 
power  to  the  booster,  which  then  acts  as  a  generator  in 
raising  the  E.M.F".  On  the  other  hand,  when  the  con- 
verter E.M.F.  is  reduced  by  means  of  the  booster  the 
converter  acts  partly  as  a  generator  receiving  energy  from 
the  booster,  which  is  then  operating  as  a  motor  delivering 
its  energy  through  the  shaft  to  the  converter.  Under 
these  conditions  the  effect  of  the  armature  on  the  inter- 
poles  is  no  longer  dependent  onl}'  on  the  load  of  the 
converter,  but  also  on  the  E.M.F.  of  the  booster.  This  is 
due  to  the  fact  that  the  alternating  and  continuous  currents 
are  not  balanced,  as  in  tlie  simple  converter,  and  the 
converter  armature  therefore  develops  a  motor  reaction 
when  the  boost  is  positive,  and  a  generator  reaction  when 
the  boost  is  negative. 

The  value  of  this  armature  magnetomotive  force  is 
directly  proportional  to  the  output  of  the  booster.      For 


example,  with  the  booster  excited  so  as  to  raise  the  con- 
verter E.M.F.  lo  per  cent,  the  armature  reaction  would 
increase  the  interpole  ampere-turns  by  an  amount  equal 
to  10  per  cent  of  the  alternating-current  armature  re- 
action, or,  if  the  E.M.F.  were  reduced  by  the  same  amount, 
the  interpole  ampere-turns  would  be  decreased  by  an 
amount  equal  to  lo  per  cent  of  the  alternating-current 
armature  ampere-turns.  This  would  of  course  mean  an 
increase  or  a  diminution  of  the  flux  required  to  obtain 
correct  commutation  ;  and  when  it  is  considered  that  on  the 
average  the  interpole  ampere-turns  necessary  to  produce 
this  flux,  as  well  as  compensate  for  the  normal  armature 
reaction  at  zero  boost,  only  amount  to  about  35  per  cent 
of  the  armature  ampere-turns,  it  will  be  readily  appre- 
ciated that  a  reduction  of  10  per  cent  means  a  big  change 
in  the  strength  of  the  interpole  flux.  In  order  therefore 
to  keep  the  interpolcs  at  their  correct  strength  at  any  load 
and  voltage,  it  would  be  necessary  to  provide  some  means 
whereby  the  interpoles  arc  automatically  adjusted  with 
the  load.  It  is  of  course  also  necessary  to  vary  the 
excitation  on  the  interpoles  with  varymg  boost. 

Unfortunately,  it  is  not  possible  to  compensate  the  arma- 
ture reaction  completely,  as  it  is  not  constant  for  all  posi- 
tions of  the  armature,  but  fluctuates  to  a  considerable 
extent.  These  fluctuations  exist  in  the  simple  converter  as 
well  as  in  the  booster  type,  but  are  accentuated  in  the 
latter  under  certain  conditions  of  boost. 

Several  different  methods  have  been  adopted  in  order 
to  obtain  the  necessarv  compensation,  all  of  which  involve 
an  auxiliary  winding  on  the  interpole,  and  in  some  cases 
special  apparatus  for  varying  the  excitation  of  this  winding. 
In  most  schemes  the  variation  in  the  e.\citation  is  obtained 
by  variation  of  the  resistance  in  the  circuit  of  the  auxiliary 
winding,  and  the  accuracy  of  the  compensation  depends 
therefore  on  the  number  of  steps  in  which  the  resistance  is 
changed.  The  question  of  rapidity  in  adjusting  the  exci- 
tation is  of  importance  in  cases  where  sudden  load  fluctua- 
tions occur,  and  the  time  lag  must  therefore  be  reduced  to 
the  smallest  possible  amount. 

The  problem  of  accurate  compensation  of  booster  con- 
verters is,  as  will  be  appreciated  from  the  above,  not  an 
easy  one,  especially  in  cases  where  large  voltage  variations 
are  required. 

A  certain  amount  of  boost  can,  of  course,  be  obtained 
without  any  adjustment  of  the  interpole  excitation,  but  it  is 
very  limited,  and  as  the  conditions  of  commutation  cannot 
be  m<-ide  uniform  for  all  voltages,  it  is  clear  that  full  advan- 
tage cannot  be  taken  of  the  material  if  good  commutation 
is  to  be  obtained  at  all  loads  and  voltages.  In  other  words, 
a  given  machine  would  reach  its  commutation  limit  at  a 
lower  load,  if  fitted  with  a  booster  for  voltage  regulation, 
than  would  be  the  case  if  arranged  for  reactance  control. 

When  inverted  running  is  required  and  voltage  variation 
is  necessary,  a  booster  is  essential,  if  the  converter  is  not 
running  in  parallel  with  any  other  alternating-current 
plant,  as  reactance  control  cannot  be  used  in  such  cases. 
This  will  be  clear  when  it  is  considered  that,  with  a  given 
condition  of  load  to  keep  the  speed,  and  therefore  the  fre- 
quency, constant  it  is  essential  to  keep  constant  field  cur- 
rent, assuming  a  fixed  continuous  voltage.  In  order  to 
vary  the  E.M.F.  delivered  by  the  converter,  it  would  be 
necessary,  however,  to  vary  the  excitation,  so  that  the  two 
conditions   are  opposed.     If  the   converter  is  running  in 
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parallel  with  an  alternating-current  system,  it  is  possible 
to  reRulatc  the  alternating  voltage  by  means  of  reactance 
control,  as  in  this  case  the  speed  of  the  converter  cannot 
increase,  due  t<i  the  fact  that  it  is  lield  in  synchronism  with 
the  svstem  to  which  it  is  connected.  Inverted  running 
should,  however,  be  considered  as  an  emergency  condition, 
as  the  rotarj'  converter  is  primarily  a  machine  for  trans- 
forming alternating  current  into  continuous  current,  and 
not  vice  versa. 

The  influence  of  the  booster  on  the  losses  in  the  arma- 
ture winding  is  of  some  importance  and  interest.  The 
relations  between  the  armature  losses  in  a  non-booster 
converter,  and  tliat  of  a  continuous-current  generator  with 


by  means  of  a  booster  than  would  be  the  case  if  otlicr 
means  were  used. 

If  the  whole  ningc  were  obtained  by  negative  boost,  a 
considerable  reduction  in  the  tap-coil  losses  would  be 
obtained  .it  the  low  volt.ige,  but  owing  to  the  increase  in 
the  output  of  the  booster,  the  cost  of  the  converter  would 
in  most  cases  be  increased. 

The  reduction  in  the  losses  obtained  in  ordinary  cases 
is,  however,  of  importance,  especially  in  cases  where  the 
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the  same  winding,  have  been  established  for  different 
power  factors,  both  for  the  tap  coils  and  for  the  whole 
winding.  These  ratios  do  not  hold  good,  however,  when 
a  Ixxjstcr  is  introduced,  as  the  resultant  current  in  the 
armature  winding  varies  for  different  values  of  boost. 
That  this  is  the  case  will  be  clear  when  it  is  considered 
that  the  ratio  of  transformation  of  the  converter  is  changed 
by  the  action  of  the  booster.  The  values  of  the  constants 
giving  the  ratios  of  the  losses  for  different  percent.ige  of 
boost  and  power  factor  are  shown  in  Figs.  ()  and  10,  the 
former  giving  the  ratios  for  the  losses  in  the  tap  coil  and 
the  latter  for  the  average  losses  of  the  whole  winding. 

The  derivation  of  the  formul.u  by  which  these  curves 
have  l>ceii  computed  will  be  found  in  the  Appendix.  An 
interesting  feature  brought  out  by  these  curves  is  that  the 
convtanto  giving  the  ratio  for  the  tapcoil  losses,  as  well  as 
f"'  '  <-•    with   positive  boost  but 

•'■  iilil  a  certain  value  of  nega- 

t  lulled,  .lilci    which  they  will   he  found  to 
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Kk..  10.— Curves  showing  ratio  of  average  I'  R  losses  in 
armature  winding  of  a  six-phase  rotary  converter  to  those 
of  a  continuous-current  generator  with  a  similar  winding. 

converter  has  to  deal  with  wattless  currents  for  power- 
factor  correction. 

COMPAKISOX. 

No  general  statement  as  to  which  system  of  control  is 
most  .idvantageous  can  be  made,  as  this  must  naturallv 
depend  on  the  conditions  of  the  system  on  which  the 
machines  liave  to  operate,  but  a  study  of  a  particul.ir  case 
may  liclp  to  bring  out  the  advantages  and  disadvantages  of 
the  respective  types. 

Wlicii  dealing  with  reactance  control,  a  case  was  con- 
sidered where  two  ranges  of  volt.igcs  were  required, 
i.e.  400  to  440  volts  for  lighting  and  power,  and  50c  lo  550 
volts  for  traction.  As  thesercquiremcnts  arc  fairly  common, 
they  may  serve  as  a  basis  for  comparison. 

Cai. — For  this  voltage  variation,  the  booster  would 
require  a  range  of  ■±_  75  volts,  which  means  that  its  output 
would  l>c  15K  per  cent  of  the  converter  output.  This  is  on 
the  assumption  that  the  full  r.inge  h.-is  to  be  obtained  in  a 
smooth  curve,  which  is  usually  specified  in  such  a  case. 

Assuming  a  unit  of  i,(xk)  kw.  output,  the  cost  of  the 
booster  would  l>e  in  the  neighliourhood  of  20  per  cent  of 
the  cost  of  the  converter  alone. 

In  the  case  of  reactance  control,  the  cost  of  the  con- 
verter would  be  practically  the  same  as  for  the  Iwosler 
control.    Uwing  to  the  reactance  and  the  tappings  required 
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in  the  transformer,  the  cost  of  this  would  be  increased  by 
approximately  5  per  cent  of  the  converter  cost. 

A  three-pole  double-throw  switch  would  be  required,  the 
cost  of  which  would  be  about  2  per  cent  of  the  converter 
cost. 

From  the  point  of  view  of  first  cost,  therefore,  the  advan- 
tage would  be  with  the  reactance  control.  The  size  of  the 
booster  would  of  course  be  materially  reduced  bv  arrang- 
ing the  transformers  with  tappings  giving  420  and  525 
volts  respectively  on  the  continuous-current  side  and 
providing  a  change-over  switch  as  in  the  case  of  the 
reactance  control.  The  advantage  of  this  arrangement 
would  be  not  only  reduced  cost  but  also  improved  con- 
ditions from  a  point  of  view  of  commutation,  on  account 
of  the  reduced  boost.  This  advantage  is  more  marked  in 
large  units  than  in  smaller  ones,  owing  to  the  increasing 
difficulties  in  commutation. 

Pouer  factor. — As  regards  the  power  factor,  the  booster 
type  of  converter  has,  as  alreadj'  stated,  the  advantage,  as 
its  power  factor  can  be  varied  at  will  under  all  condi- 
tions of  load  and  voltage,  and,  in  cases  where  watt- 
less currents  are  required  for  power-factor  improvement 
independent  of  the  voltage  conditions,  it  is  the  only  type 
suitable. 

When  no  leading  currents  are  desired,  however,  there 
appears  to  be  little  or  no  reason  why  the  reactance  type 
should  not  be  used,  as  the  power  factor  obtainable  on  the 
high-tension  side  is  very  close  to  unity  over  the  whole  range 
of  voltage,  and  is  sHghtly  leading  at  the  higher  voltage,  and 
it  is  doubtful  whether  better  results  would  be  obtained  with 
the  booster  type,  as  very  close  adjustment  is  necessary  to 
keep  the  power  factor  exactly  at  unity,  and  it  should  be 
remembered  that  in  order  to  maintain  unit)-  power  factor 
it  is  necessary  to  adjust  the  tield  of  the  converter,  as  well 
as  that  of  the  booster,  when  changing  the  voltage  of  the 
converter. 

With  the  reactance  type  of  control,  it  is  only  necessary 
to  operate  the  field  rheostat  in  changing  the  voltage, 
and  the  fact  that  the  power  factor  is  fixed  definitely  for 
each  voltage  is  therefore  not  altogether  a  disadvantage,  as 
less  skill  is  required  in  operating  this  type  of  machine. 
Another  point  which  should  be  considered  is,  that  if  load 
having  a  power  factor  of  approximately  unity  is  added  to  a 
system  having  a  low  power  factor,  the  conditions  are  of 
course  improved  in  this  respect,  so  that  the  converter  acts 
as  a  power-factor  improver  without  actually  supplj-ing 
leading  current  to  the  system. 

Commutation. — In  this  respect  the  reactance  control  has 
the  advantage,  as  good  commutation  is  more  easily  obtained 
with  this  tj'pe.  It  is  surely  not  necessary  to  state  that 
satisfactory  commutation  can  be  obtained  with  the  booster 
type  of  machine,  as  this  has  been  demonstrated  by  the 
number  of  machines  actually  in  operation  ;  but  much  finer 
adjustments  as  regards  interpoles,  brush-gear,  etc.,  are 
necessary  with  this  type  of  machine  than  with  the  former 
type  if  these  results  are  to  be  obtained.  This  is  of  course 
due  to  the  change  in  the  interpole  strength  when  the 
booster  is  loaded,  and  it  is  clear  that  commutation  is  taking 
place  under  adverse  conditions  when  the  commutating 
field  is  of  incorrect  strength,  hence  the  necessit}-  of  keep- 
ing all  other  conditions,  upon  which  the  commutation 
depends,  as  perfect  as  possible.  There  is  no  interference 
with  the  interpole  strength  due  to  the  wattless  currents, 


and  the  non-booster  type  operates  therefore  under  more 
favourable  conditions  in  this  respect. 

The  object  of  the  comparison  is  to  bring  out,  if  possible, 
the  fact  that  in  many  cases  sacrifice  is  made  in  the  most 
vital  feature  of  the  machine,  i.e.  the  commutation,  in  order 
to  obtain  the  advantage  of  unit}-  power  factor,  which  may, 
or  may  not,  be  realized  in  actual  operation. 

SUMM.ARY. 

The  following  summary  of  the  two  systems  may  be  con- 
sidered as  generally  applicable  : — 


Cost 

Power  factor 


Commutation 


Range  of  voltage. 


Efficiency 
Starting    ... 
Space 
Maintenance 


Reactance  type 

Cheaper 

Cannot  be  con- 
trolled at  will  for 
each  voltage  and 
load 

Good  commutation 
more  readih'  ob- 
tained 
,  Limited  (±  7J  per 
cent  may  be  con- 
sidered as  the 
limit) 

Slightly  higher 

Xo  difference 

Less  space  required 


Booster  type 

Can  be  controlled 
at  will  for  any 
load  and  voltage 


Great  range  can  be 
obtained  (+  15 
per  cent  or  more) 


Xo  difference 

More  parts  to  keep 
in  order 


From  the  foregoing  it  will  be  seen  that  the  question  of 
voltage  regulation  of  rotary  converters  is  one  which 
requires  close  consideration  from  every  point  of  view, 
in  order  to  obtain  the  best  results  as  regards  first  cost 
and  operation. 

The  simplicit}-  of  the  reactance  control,  coupled  with  its 
low  cost  and  advantages  in  operation,  are  factors  which 
recommend  it  very  strongly  wherever  the  range  of  voltages 
required  permits  its  adoption,  even  at  a  sacrifice  in 
way  of  power  factor,  and  it  may  not  he  out  of  place  to 
emphasize  again  the  fact  that  although  the  power  factor 
may  be  slightly  lagging  at  the  high-tension  side  of  the 
transformer,  the  general  power  factor  of  the  system  may 
be  improved. 

APPENDIX  I. 

The  following  expression  gives  the  total  instantaneous 
alternating  current  at  an}-  point  of  the  winding  of  a 
rotary  converter  : — 

(i±^)4Lsin(9+_<M 


1  = 


(i  —  b)  m  sin  (,-/>;;)  cos  ^ 


where  L  =  continuous  current. 

e  =  angle  of  displacement  between  the  mid-point 
between  two  taps  and  the  point  of  commu- 
tation. 

1^  =  angle  of  displacement  between 
and  the  E.M.F.  of  the  converter 
less  current  in  the  converter. 

m  =  number  of  phases  in  converter. 

p  =  per  cent  boost. 

6  =  no-load  losses  in  converter  in  per  cent. 


the    current 
due  to  watt- 


252 


JUHLIN  :    VOLTAGE   REGULATION   OF    KOTAKY   CONVERTERS. 


The  resultant  current  in  any  conductor  is  tlic  diflference 
between  the  continuous  and  alternating  currents,  and  is 

then 

,r_      (i±^)4sin(9  +  ^)      "1 

L        {1 —b)m  sin  (wim)  cos  }() J 

Lonsidcring  a  coil  at  a  point  B  on  the  winding  displaced 
from  Ihc  middle  pmint  of  the  winding  between  two  taps 
by  an  angle  /i,  the  mean  square  value  uf  the  resultant 
current  is 


•.= 


_  j  I  ,1  r, (i±^)4sin(fl  + j,)     1' 

I  «•   *■  L        ('  —  ^)»l  sill  (ir/m}cosii<J' 

The  ratio  of  the  losses  m  a  coil  at  the  point  B  of  a 
rotary  converter,  to  the  losses  there  would  be  if  continuous 
current  alone  llowed  in  the  winding,  is  therefore 

''^  =  ,  +  (li/)'  r  8  Stan'V,     -| 

1»  (I  —  ft)'  L*"'  sin'  (rim)  "*"  m=  sin'  (irlm)J 

_('±/')r      i6^os^ idsin^Jtanii-l^ 

(1  —  ft)  Lxm  sin  (x/m)      x  m  sin  (x/m)  J 

In  the  case  of  a  six-phase  converter,  the  ratio  of  the 
losses  in  the  tap  coils  will  be  obtained  by  putting  iii^6 
and  (3  =  30  .  Inserting  these  values  in  the  above  equation 
and  denoting  the  ratio  by  Kt,  we  obtain 

K .  =  1  +  1'-^^  [o-88«  -I-  o  8S8  fan'  vi] 

V  I  —  ft)"- 


(i-ft) 


[1-47  — 0-85  tan  4,]. 


phase  has  been  shown.  In  Fig.  11  the  auxiliary  regulating 
transformer  is  shown  connected  across  tlie  lirst  tappings 
of  the  main  transfornu-r.  and  it  is  clear  that  the  voltage 
across  the  primary  can  be  increased  in  small  steps  until 
the  volt.igc  of  the  first  section  of  the  main  transformer  is 
obtained.  The  connections  are  then  as  shown  in  Fig.  12. 
It  is  then  possible  to  disconnect  one  end  of  the  auxiliary 
regulating  transformer  from  the  main  transformer  tapping 
(see  Fig.  i^)  and  connect  it  to  the  third  tapping,  as  shown 
in  Fig.  14.  The  boost  can  then  be  increased  until  the  third 
tapping  of  the  main  transformer  is  reached  and  the  electro- 
motive force  across  the  primary  winding  of  the  Ixxisttr 
transformer  is  equal  to  that  of  the  lir>t  two  sections  of  the 
main  transformer.  The  .luxiliary  regulating  transformer 
is  then  switched  [over  to  the  next  tapping  of  the  main 
transformer,  and  so  on  until  full  boost  is  obtained.  By 
this  means  the  total  number  of  steps  available  is  the  pro- 
duct  of  the  steps  of  the  main  and  auxiliary  transformers. 

Second&ry  of  b       •- 

nvxin  transformer  DoosCep 

Oansformer 


The  ratio  of  the  average  losses  over  the  whole  winding 
of  a  converter  to  the  losses  it  the  winding  carried  con- 
tinuous current  only,  is,  as  is  well  known,  obtained  by 
integrating  the  tap-coil  losses  Kr  over  the  whole  phase 
band. 

In  a  six-phase  machine  the  limits  would  then  be  ±  r/6. 
Denoting  the  average  losses  by  K„,  and  considering  the 
case  of  a  six-phase  machine,  we  obtain 

'^•='+;:ii;[o-«««+°-«««tan.^]-;^jQ. 


APPENDIX  2. 
\Kcuiwii  13  Af'ril,  I'd".) 

In  dealing  with  the  different  methods  of  voltage  control, 
one  of  the  earliest  schemes  adopted  has  not  been  men- 
tioned, i.e.  the  booster-transformer  type  of  control.  As 
thi  I'lovides  means  of  obtaining  almost  anv  range 

of  •.  irrl,  without  in  any  way  interfering  with  the 

coininu;  -  of  the  converter,  it  is  worth  study- 

'HR-   Tl.'   ,.  le  of  this  method  is  that  the  voltage 

variation  i»  obtained  by  varying  the  voltige  impressed  on 
the  primiiry  winding  of  the  booster  transformer.  As  the 
change  has  to  be  made  in  Mcps,  the  closeness  of  the  rcgu- 
lalK      '  K  on  the  niinilK-r  of  steps  provided,  and  when 

a  I'  !•>  rc<|uired  the  number  of  contacts  necessary 

may  bt  , 

''  "  :  .(jwcvcr,  to  obliiin  a  very  fine  regulation 

*"  •    numl»cr   o(    steps   by   the   use   of  a   small 

*u>  dilating   tral1^forlner,    as    shown   diagramma- 

Ijcally  in  Kig».  11,  la,  13.  and  14.     For  simplicity  only  one 


To {\^NY^AAAf^ '^^:xrz  to 

ilip-rjngs  IvAWA      slip-rinjs 


CransfSrmer        t 
Fic.li. 


I 


Fu;  12. 


-fy^f^^T^-^ 


KiG  13 


-j^Y^yYlT"^ 


Fio  H 
Diagrams  showing  arrani^cment  nf  booster  transformer 
and  auxiliary  regulating  transformer. 


For  example,  if  each  had  five  steps,  we  should  have 
2-;  steps  up  or  down,  giving  50  steps  for  the  total  range 
of  voltage. 

It  should  be  noted  th.-il  the  capacity  of  the  auxiliary 
regulating  tr.iiisformer  is  only  a  small  fraction  of  that  of 
the  booster  transformer,  the  si/c  depending  on  the  number 
of  steps  provided  on  the  main  transformer. 

In  connection  with  the  regulator  dials,  or  controller,  it 
should  be  noted  th.-it  no  power  is  broken  when  changing 
the  auxiliary  transformer  from  one  tapping  to  another,  and 
that  for  this  reason  there  will  Ix-  no  wear  of  the  contacts 
usi'd  for  this  purpose. 

The  voltage  per  step  of  the  dials  for  the  auxiliary  trans- 
former is  extremely  small,  and  the  wear  of  these  contacts 
should  therefore  Ik  negligible. 

As  rcg.iids  cost,  this  arrangement  would  be  cheaper  than 
a  lHX)ster  de.tling  with  the  same  range,  and,  considering 
the  advantage  gained  by  non-inferfcrencc  with  the  com- 
mutation, this  method  deserves  consideration. 
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Mr.  A.  M.  Tavlor  :  This  paper  is  very  interesting  ;  and 
the  rotary  converter  is  at  present  so  largely  used  in  sub- 
station work  as  to  warrant  the  fullest  consideration  of  its 
possibilities.  I  take  it  that  the  paper  is  intended  to  show 
that  the  reactance-controlled  rotary  converter  is  rather 
more  useful,  and  at  any  rate  cheaper,  than  the  booster- 
controlled  machine,  but  I  somewhat  disapprove  of  the  use 
of  the  former  for  certain  purposes.  The  purpose  that  I 
am  more  particularly  interested  in  is  its  use  in,  for  example, 
a  substation  at  the  distant  end  of  a  large  power  system, 
and  with  a  large  alternating-current  load  beyond  it,  where 
the  voltage  is,  or  maj'  be,  necessarily  low  and  where  pos- 
sibly the  power  factor  may  also  be  \jery  poor.  It  would 
doubtless  be  a  great  advantage  if  wc  were  able  to  boost 
up  the  supply  at  a  distant  point  like  that.  I  have  in  the 
past  been  rather  partial  to  the  use  of  batteries — and  inci- 
dentally I  may  say  they  have  proved  a  great  success — and 


Chd.rg'ing'        E 


Dischdrg-ing- 


Et  =  voltage  .across  high-tension  mains. 
Ess  =        ,.  ..      slip-rings. 

Cj  =  counter  boost  ;  no  reactance,  or  reactance  out. 
e^  =       .,  „      ;  reactance  in. 

cl  =  voltage  across  reactance. 


I  cannot  help  thinking  that  in  many  such  cases  batteries 
supplying  inverted  rotary  converters  would  be  very  useful. 
If  it  were  possible  to  feed  into  the  alternating-current  net- 
work from  the  substation  battery  and  at  the  same  time  to 
boost  up  not  only  the  voltage  but  also  the  power  factor  of 
the  alternating  supply,  I  believe  that  engineers  would  not 
hesitate  to  pay  perhaps  15  to  20  per  cent  more  than  they 
do  at  present  for  rotary  converters,  in  view  of  the  con- 
siderable saving  in  copper  which  would  be  effected  in  the 
mains.  I  endeavoured  to  show,  some  years  ago,  that  it 
was  financially  a  .safe  proposition  to  install  batteries  in  the 
more  distant  substations,  even  on  the  basis  of  unity  power 
factor  in  the  alternating-current  load,  on  account  of  the 
saving  in  copper  in  the  extra-high-tension  mains  ;  when 
the  power  factor  w'as  poor,  much  more  would  this  be 
the  case.  I  believe  that  it  is  possible  to  obtain  a  large 
leading  current  from  the  rotary  converter,  both  when  it  is 
delivering  continuous  current  to  the  substation  busbars 
and  also  when  it   is  running  inverted  off  these  busbars, 


i.e.  over  the  whole  24  hours,  and  this  desirable  result  can,  Mr.  Taylo 
I  suggest,  be  obtained  in  either  of  two  ways  : 

(i)  A  rotary  converter  with  a  large  external  reactance 
can  be  used  on  the  charge,  and  the  converter  designed  to 
give  the  correct  continuous  and  alternating  voltages  when 
heavily  excited  (i.e.  with  a  large  leading  current),  the 
reactance  in  this  case  acting  to  give  a  heavy  positive 
boost  from  the  a.c.  mains  to  the  c.c.  mains.  The  same 
converter,  with  the  reactance  cut  out  by  a  switch  and 
with  the  addition  of  an  a.c.  booster  (or  induction  regu- 
lator) giving  a  large  counter  boost,  can  again  be  run' at 
a  high  excitation  and  with  a  large  leading  current,  this 
time  inverted  and  feeding  into  the  a.c.  mains.  The  vec- 
torial conditions  are  shown  in  Fig.  A. 

(2)  The  alternative  would  be  to  have  only  the  a.c. 
booster  (i.e.  without  the  reactance)  and  to  have  the 
rotary  converter  and  transformer  with  as  little  reactance 
in  them  as  possible.  In  this  case  the  converter  would  be 
run  over-excited  on  the  charge  as  well  as  on  the  discharge 
(i.e.  when  running  inverted)  and  would  take  a  big  leading 
current  in  each  case.     The  booster  would  be  used  to  give 


Chaipng- 


Dischdrg-ing 


a  counter  boost  on  the  discharge  onlj'  ;  or,  if  found  more 
desirable,  it  might  give  a  forward  boost  on  the  charge  and 
a  counter  boost  on  the  discharge.  The  vectorial  conditions 
for  the  former  case  are  shown  in  Fig.  B. 

Both  vector  diagrams  are  constructed  on  the  assumption 
that,  when  running  inverted,  the  rotary  converter  is  always 
motoring  :  with  combined  continuous  and  (lagging)  alter- 
nating current  when  the  field  is  too  weak,  and  with 
(leading)  alternating  current  alone  when  the  field  is  strong, 
as  I  recommend.  I  disagree  entirely  with  the  author  that 
the  machine  ever  generates  when  running  inverted.  It  is 
of  course  unnecessary  that  the  required  boost  be  furnished 
'  by  a  rotating  booster.  It  could  be  equally  well  provided, 
for  instance,  by  the  new  type  of  static  regulator  described 
by  the  author  at  the  meeting  :  this  regulator  also  has  the 
advantage  that  it  could  be  added  to  any  existing  rotary 
converter. 

Mr.  H.  Brazil  :  I  gather  that  the  author  generally  is  in  ■ 
favour  of  the   reactance-controlled  rotary  converter,  and 
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I  <.  shiy  endorse  his  commendation  of  that  type 

fof    .  . ..^    systems,   where  the   regulation   required    is 

probably  not  more  than   4  per   cent   total.     There   arc,  of 
CO..  .^lons  where  a  much  l.irj;er  variation  of  voltage 

i»  ■  iiul  It  may   be    ol    interest   if    I   describe  the 

which  I  h.ive  used  for  obtaining 
The  method  is  really  a  combina- 
tion of  r&actaiicc  cuiiiiol  and  boo>lcr  control,  only  in  this 
ca^e  the  booster  is  not  an  .iltcrn.iting-currcnt  one  but  a 
continuous-current  machine.  When  I  first  suggested  to 
manufacturers  that  continuous-current  boosters  should  be 
fixed  on  an  extension  of  the  shaft  at  each  end  of  a 
reactance-controlled  converter  for  a  three-wire  system, 
I  was  told  that  the  idea  was  impracticable,  due  to  the 
fact  that  the  a.c.  input  at  the  slip-ring>  would  be  consider- 
ably greater  than  the  c.c  output  on  the  commutator,  and 
this  would  cause  severe  sparking.  I  felt  convinced,  how- 
ever, that  a  machine  could  be  designed  which,  when 
giving  10  per  cent  of  its  output  on  the  c.c.  boosters,  would 
run  satisfactorily,  and  the  results  in  actual  practice  have 
more  than  fulfilled  my  expectations.  This  arrangement 
has  some  advantage  over  the  rotary  converter  with  a.c. 
booster,  a>  for  the  ordinary  lighting  supply  the  machine 
can  be  used  with  reactance  control  only,  there  being  no 
loss  in  the  booster-,  as  their  fields  are  left  unexcitecl. 
W;  than  th.il  obtained  with  reactance 

con  i-  or  both  of  the  boosters  are  put  in 

circuit,  and  the  m.ichine  can  then  be  used  for  charging  or 
discharging  batteries,  or  raising  the  pressure  on  any 
particular  feeder.  The  c.c.  boosters  arc  arranged  so  that 
they  can  be  entirely  disconnected  from  the  c.c.  >upply  of 
the  rotarj-  converter,  and  they  arc  very  useful  for  testing 
switches,  fuses,  instruments,  etc..  this  not  being  possible 
with  the  ac.  booster.  Coming  now  to  actual  results,  we 
have  a  500  Itw.  rotary  converter  with  c.c.  boosters  at 
each  end,  from  which  we  have  taken  15  per  cent  of  the 
output  of  the  converter,  and  then  increased  the  input  on 
the  a-c.  side  of  the  converter  to  25  per  cent  above  normal 
without  any  appreciable  sparking,  the  brushes  on  the 
converter  and  the  booster  commutator  being  fixed  in 
position.  If  the  1;;  per  cent  obtained  from  the  boosters 
the  7I  percent  from  the  reactance  control  of 
,  It  will  be  seen  that  a  very  large  regulation 
:  •!.  I  take  it  that  the  effect  on  the  power 
1  t>e  similar  to  the  case  of  the  rotary  converter 
a.c.  booster,  but  as  the  machine  would  be  run 
normally  with  only  a  4  per  cent  variation  obt.iined  by 
reactance  control,  and  the  c.c.  boosters  would  always  be 
working  a»   r  :      '      .!<!    imagine   it     could    be 

designed  to  factor,  and  to  give  less 

I'o  i;4uis  (.oniiiiutation  than  the  converter  with 
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required  to  obtain  the  higher  voltage  necessary  on  the  line  Mr. 
should  give  a  leading  power  factor.  It  is  necessary  on 
practically  all  systems  of  supplv  to  correct  the  jxiwcr 
factor  as  far  as  possible,  and  I  suggest  that  the  arrange- 
ment I  have  described  can  l>e  utilized  with  the  re.ictancc 
method  of  control  instead  of  installing  boosters.  I  quite 
agree  that  the  booster  type  is  a  nice  machine  to  run,  but 
it  costs  more  to  install  and  is  more  complicated.  Sim- 
plicity in  all  these  arrangements  is  very  desirable,  and  I 
think  that  on  this  account  the  reactance  type  of  control 
should  be  utilized  wherever  possible.  The  difficulty  of 
changing  over  from  a  lighting  voltage  to  a  tr.iction 
voltage,  i.e.  from  450  volts  to  550  volts,  can  be  easilv  got 
over  by  some  simple  form  of  throw-over  switch  to  alter 
the  connections  of  the  transformer  tappings.  From  this 
point  of  view,  therefore,  there  is  no  objection  to  the 
reactance  type  of  control. 

Mr.  H.  Bl'RGK  :  I  think  this  paper  is  of  very  real  %'alue,\tr  r.  ir 
both  to  operating  and  designing  engineers.  There  are  a 
few  questions  I  should  like  to  ask  with  regard  toil.  In 
Fig.  10  a  curve  is  shown  of  the  copper  losses  in  the  con- 
verter. I  should  like  to  ask  whether  that  applies  to  the 
six-phase  machine  or  to  the  three-phase  machine.  Also  I 
am  not  quite  clear  what  the  author  means  by  the  term 
"  reactive  iron  "  in  transformers.  I  have  -apposed  it  to  be 
some  leak.-4ge  path  that  is  provided  on  the  transformer. 
From  what  the  author  s.ivs,  it  appc.irs  undesirable  to 
depart  from  the  simple  converter,  which  as  it  stands  has 
such  excellent  commutating  properties  ;  therefore  we 
should  not  attach  boosters  to  it,  whether  they  be  at  the 
altern.iting-current  or  continuous-current  end.  .\t  any  rate 
a  continuous-current  booster  means  adding  another  com- 
mutator equal  in  si/.e  to  the  rotary  converter  commu- 
tator. Perhaps  it  would  be  feasible  to  have  a  separately- 
driven  booster  running  at  a  higher  speed,  and  thus  of  a 
smaller  size,  driven  by  a  synchronous  motor.  The  booster 
would  of  course  be  connected  in  series  with  the  converter 
slip-rings  when  required. 

Dr.  S.  1'.  Smith  ;  When  discussing  the  question  of  the  Dr.  smii 
relative  .idvant.ages  of  reactance  control  and  biwster  con- 
trol with  another  designer  some  time  ago,  I  asked  him 
wlial  determined  which  he  put  forward  when  it  w.as  left  to 
his  choice.  He  replied  that  the  rule  he  had  to  follow, 
sometimes  .against  Ins  own  wish,  was  to  put  forw.ard  the 
type  that  the  other  lirm  was  not  putting  forward,  and  of 
course  prove  that  his  was  the  best.  That  I  think  has 
determined  a  good  many  cases  where  a  booster-controllcti 
converter  is  used.  When  discussing  the  real  problems 
with  this  same  designer,  we  both  agreed  that  Ixxtster 
control  had  been  rather  overdone  in  the  past,  and  is  was 
not  likely  it  would  be  used  to  such  a  wide  extent  in  the 
future.  There  is  no  doubt  that  the  ditticulty  of  conimu- 
lalion  pi  events  the  designer  from  using  the  nialeiial  of  the 
iHHister  to  the  best  .idvanl.ige.  iiiile-s  i.iiIkm  intricate 
methods  of  obtaining  g<iod  coiniiiiitalion  .ire  introduced, 
and  it  is  questionable  whether  those  will  always  be  s;itis- 
factory.  There  is  a  point  I  dcsiic  to  raise  with  regard  to 
reactance  control.  The  author  refers  a  good  deal  to 
straight-line  reactance.  I  believe  I  am  nght  in  s;iying  that 
in  Fig.  S  I'c  shows  straight. line  reai  lance  up  to  ;oo  per 
ci-nt  overload,  and  I  should  like  to  know  how  he  would 
I  do  not  know  whether  anything  new  has  l^cen 
Ml  llic   w.iv  of  dcsiuiiiiti!   ti  .nisfoi  liters  o(   lale,  but  I 
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cannot  see  at  present  how  we  can  design  a  transformer  to 
give  straight-line  reactance  up  to  300  per  cent  overload, 
unless  it  is  a  very  abnormal  design.  I  think  such  a  trans- 
former could  not  have  any  reactance  iron  in  it  at  all.  We 
might  be  able  to  do  it  with  air,  but  I  should  not  like  to  say 
what  the  losses  would  be  in  that  case.  In  the  other  case  of 
the  transformer  with  saturated  iron,  I  believe  it  will  be 
found  that  saturation  generally  occurs  much  before  full 
load  ;  it  may  occur  at  half  load  or  quarter  load.  With 
saturated  iron,  as  the  author  mentions,  the  secondar3' 
voltage  is  no  longer  proportional  to  the  current  ;  therefore 
it  is  no  longer  a  sine  wave,  like  the  supply  pressure  and 
the  rotary  converter  E.M.F.  The  effect  of  applying  to  the 
sHp-rings  of  the  rotary  converter  the  resultant  of  the 
sinusoidal  supply  pressure  and  the  non-sinusoidal  reactance 
pressure  is  to  cause  reactive  currents  to  flow,  which  may 
prove  disastrous  to  commutation,  as  many  designers  know. 
Thus  it  is  not  booster  control  alone  that  causes  unbalanced 
magnetomotive  forces  inside  the  rotary  converter,  and 
when  we  make  a  comparison  between  booster  control  and 
reactance  control,  however  one  ma}'  dislike  the  former,  it 
is  only  fair  to  empiiasize  the  disadvantages  of  reactance 
control  with  saturated  iron  in  the  transformer.  I  should 
like  to  hear  the  author's  opinion  as  to  how  far  he  would 
carry  the  comparison  between  the  two  methods  of  control 
when  there  are  troubles  due  to  saturated  iron. 

Mr.  F.  P.  Whitaker:  The  author  has  told  us  that  the 
reactance-controlled  machine  is  by  far  tlie  best  type  to  use 
in  cases  wliere  the  range  in  voltage  is  moderate,  and  in 
cases  where  the  power  factor  can  be  varied  over  a  reason- 
able amount.  I  think  most  designers  agree  with  that 
standpoint,  and  a  great  many  operating  engineers  as  well. 
I  have  persistently  advocated  the  reactance  type  of  machine, 
especially  where  there  is  one  range  for  lighting  and  another 
range  for  traction,  as  it  really  forms  an  excellent  com- 
bination. But  we  all  know  there  are  cases  where  we 
require  more  than  a  moderate  range  of  voltage,  or  where 
we  want  unity  power  factor  or  perhaps  a  leading  power 
factor  under  all  conditions  of  load  and  voltage.  I  am 
afraid  that  there  the  author  has  not  left  us  very  much 
choice.  He  has  told  us  that  we  must  either  put  up  with  a 
machine  that  has  a  limited  booster  range,  or  we  must  allow 
it  to  spark,  or  we  have  to  introduce  complicated  com- 
mutating-pole  adjustment  devices,  or  complicated  switch- 
ing arrangements  with  auto-transformers.  I  do  not  believe 
the  outlook  is  anything  like  as  black  as  this.  The  booster 
machine  is  a  perfectly  satisfactory  machine  so  long  as  it  is 
liberally  designed,  but  the  booster  does  cause  discrepancies 
in  commutation  ;  and,  as  we  raise  the  rating  of  the  machine, 
so  these  discrepancies  in  commutation  become  more  and 
more  important.  With  the  introduction  of  commutating 
poles  on  rotary  converters,  and  with  a  better  understanding 
of  wave-shape  effects,  and  of  reactance,  instability  of  mul- 
tipolar armatures,  and  the  effects  of  self  and  mutual  in- 
ductance, enormous  improvem.ents  have  been  made  in 
economizing  material.  Reactance-controlled  machines, 
can  now  be  built  at  speeds  which  are  out  of  the  question 
for  booster  machines,  except  when  these  latter  are  built 
with  diverters  or  some  special  form  of  vi'inding  on  the 
commutating  poles  to  compensate  for  discrepancies  due  to 
the  booster.  We  know  that  a  great  many  machines  are 
installed  in  America  with  special  commutating  adjustment 
windings  fitted  to  the  commutating  poles  to  enable  these 


machines  to  carry  the  full-load  current  over  the  specified  Mr. 
voltage  range.  These  windings  are  in  some  cases  operated 
by  contactors  which  cut  them  in  or  out  as  the  load  varies, 
but  I  do  not  believe  that  engineers  in  England  would  install 
such  machines.  The  booster  machine  is  perfectly  satis- 
factory so  long  as  it  is  liberally  designed.  If  this  is  done, 
then  we  shall  find  that  the  induction-regulator  type  is  a 
cheaper,  more  efficient,  and  better  machine.  In  the  past 
the  induction-regulator  controlled  machine  has  not  found 
favour  in  England  for  several  reasons.  First  of  all  the 
regulator  was  a  separate  piece  of  apparatus ;  it  required 
external  connections  ;  it  had  to  be  connected  up ;  the 
connections  were  not  well  understood,  and  engineers  said, 
"  I  have  enough  apparatus  in  the  station  already."  Then 
very  often  it  required  a  separate  ventilating  arrangement, 
especially  if  it  was  a  large  machine.  Furtliermore,  the 
whole  outfit  was  more  costly,  and  generally  on  account  of 
the  lower  figure  the  booster  machine  has  been  installed  in 
England  up  to  the  present.  There  are,  however,  induc- 
tion-regulator machines  in  use  to-day  in  which  the  induc- 
tion regulator  is  mounted  on  the  converter  base-plate. 
Such  sets  are  self-contained  ;  they  have  no  external  con- 
nections and  the  regulator  does  not  in  any  way  affect  the 
commutation  of  the  machine.  We  can  operate  the  machine 
over  a  range  of  30  per  cent  or  more  without  having  the 
slightest  effect  on  commutation.  Such  sets  will  give  unity 
or  leading  power  factor  under  any  condition  of  load  and 
voltage,  and  are  of  reasonable  cost  and  high  efficiency.  I 
am  certain  that,  as  time  goes  on,  material  will  be  more 
economically  used,  thereby  bringing  about  the  disuse  of 
the  booster-controlled  rotary  converter  and  an  increase  in 
the  use  of  the  induction-regulator  type.  At  the  present 
moment  I  am  installing  12  induction-regulator  controlled 
converters  for  operating  24  hours  a  day  and  seven  days  a 
week  at  full  load,  and  these  sets  have  to  supply  their  full- 
load  current  over  a  range  of  over  30  per  cent  ;  and  I  do 
not  believe  that  any  other  type  would  meet  such  conditions 
so  economically  and  so  efficiently.  I  should  like  to  have 
the  author's  opinion  on  that  point. 

Mr.  W.  B.  WooDHOUSE  :  Some  of  us  in  past  years  had  Mr. 
hoped  that  the  reactance-regulated  rotary  converter  would 
have  been  a  useful  machine  for  correcting  power  factor. 
The  author  confirms  our  experience  that  this  is  not  so,  and 
that  if  we  want  the  converter  not  merely  to  regulate  its 
voltage  but  to  help  to  correct  for  power  factor  on  the 
system,  we  must  adopt  booster  control.  On  page  250  the 
author  makes  a  comparison  between  the  cost  of  booster 
control  and  of  reactance  control.  I  should  like  to  liave  his 
estimate  of  the  cost  of  the  third  arrangement  he  describes, 
that  is  to  say,  the  booster  with  the  small  range  of  voltage 
and  a  change-over  switch. 

Mr.  R.  G.  Jakeman  {communicated)  :  This  paper  will  be  Mr. 
of  great  interest  to  designers,  and  I  am  particularly  ■ 
attracted  by  the  curves  on  page  250  showing  the  variation 
of  armature  copper-loss  according  to  the  amount  of  boost. 
These  curves  are  very  instructive  and  have  not,  I  believe, 
appeared  before.  The  first  idea  of  designers  would 
naturallv  be  to  make  the  positive  and  negative  boosts 
equal,  in  order  to  obtain  the  smallest  size  of  booster. 
These  curves,  however,  show  that  a  large  positive  boost 
increases  the  converter  armature  copper-losses  and  there- 
fore may  increase  the  size  of  the  converter.  Hence  it  is 
possible   that    by    using    a    larger    negative    boost    than 


Jakeman. 
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:  \e.    although    the    sice    of    the    booster    will    be 

'    the    converter  will    be   smaller,   so    that    the 

may   be   reduced.      Tlic   commutation  also  is 

c     than    with    a    positive     boost. 

,:    saturated    reactive    iron   in  rc- 

■iiiidmji  necessary  will  be  a 

It   miivi  alwavs   be  borne 

1   is  very  liable  to 

to  wave,  which  will 

had  sparking  and  a  pulsating  pressure  on 

.   ..s-currcnt  side.    The   cflfect  of   higher  liar- 

the  commutation  has  l>cen  dearly  shown  by 

:    'ur  KIcklroteilinik.       The  lirst  part  of  the 

;  to  me  to  be  rather  ditTiciilt  to  follow   in 

;  ;  and  elsewhere,  the  author  speaks  of 

d  the  converter"  being  unity,  but  he 

lin  that  this  figure  is  of  interest  only 

■  .liat  the  actual  power  factor  which  the 

r  or  consumer  has  to  deal  with  has  quite 

::.....,    .u.ac.     Then,  again,  the  expression  cos  f  is 

almo>t  universally  used  to  mean  the  power  factor  of  the 

load.     The  author,  howc\°cr,  uses  f  as  the  angle  between 

two  \x>ltagcs,  and  the  power  factor  which    interests  the 

-  r  the  user  is  given  by  the  coniplic.ited  expres- 

- -t- .^  \     The   cur\-es  in   Fig.  7  would  be  con- 

[>tand  if  the  ordinates  were 

<    ,  ■    ,      •  '  r    factor   instead   of  wattless 

current.    To  say  a  m.ichine  is  taking  a  wattless  current  of  30 

per  cent  means  as  much  to  the  average  mind  as  to  say  that 

the  angle  of  lag  or  lead  is  18^.     It  conveys  much  more  to 

^      ■  '     ■  .    that  the  power  factor  is  o-q^.    The 

i-ing   the    s.ituration    into   the   vector 

ind  ^  is  very  mgenious.     The  value  of 

i    be    still    higher   if  the    direction    of 

.(iitated  by  an  arrow-head. 

i  W.  MAm.HA\T  (<-<vHmHi;ica/<-<y) :  The  vector 

diagrams  m  the  paper  arc  extremely  smiple  and  provide  an 

f:i'v  wiv  of  'fiidying  the  effects  of  wattless  currents  in  a 

'  •■  .Mill.     They  do  not,  however,  accurately  reprc- 

M.nt   iiie  oiiiililions  when  the  reactance  of  the  converter 

itMlf  IS  the  only  one  in  the  circuit.     It  is  very  difficult  to 

^.  !     inv    vect'T   (I).i^;i.mi    which    will   do    this,   since   the 

'   -r"'     '.    •'.»■    (.'■lis  I'i   the  converter  vary  in   such  an 

ri.     I  presume  that  the  vector  diagrams  are 

•  •  case  in  which  the  converter  is  only  a  small 

•otal  reactance  in  the  circuit.     In  comparing 

!  s  of  voltage  regulation  for>rotar>-  converters 

e  paper,  the  author  states  that  the  efficiency 

c  type  of  control  is  slightly  greater  than  it 

■  r.     It  would  be  interesting  to  have  some 

il'le.     The  variation 

1  variation  in  power 

III  factor  and  In-coines 

■1  III"-  number  of  phases. 

in\  menlioiied  on  page  2^8) 

..«.   heating  is  over  30  per  cent 

ly  power  factor.     The  method  of 

f' inner  witli  a 

rrfcired  to  in 

iiol   automatic 

i.ilor  ;  possibly 

•  ■  *"•«.  11114.  »til,  1,  p.  }i|j  ;  altn  Elfctrul.tm. 


for  that  reason  it  has  not  been  much  used.  It  would  seem,  Pit>f< 
however,  to  offer  some  advantages  over  the  simple  booster  """ 
control  as  described  by  the  author,  since  there  is  no  gene- 
rator or  motor  armature- reaction  to  complicate  commuta- 
tion, such  as  arises  when  the  synchronous  booster  is  used, 
and  the  power  factor  of  the  converter  can  he  maintained  at 
unity  for  all  voltage  fluctuations.  When  UMUg  an  inverted 
rot.iry  converter  the  question  of  -pcid  control  is  of  course 
the  chief  difTicully.  I  have  in  my  labnr.ilory  a  small  rotary 
converter  built  by  the  British  Westinglioiise  Company  with 
a  separate  exciter  having  a  very  steep  "  volts-speed  "  ch.irac- 
ttristic.  which  has  given  excellent  results.  With  a  power 
factor  of  o'l  on  the  alternating-current  side  the  speed  v.iria- 
tion  was  less  than  7  per  cent  between  no  load  and  a'S  times 
the  full  kilovolt-amperes.  This  load  cannot,  of  coursi-, 
be  taken  for  more  than  a  short  time,  because  of  heating. 
This  type  of  machine  is  useful  for  laboratory  purposes, 
as  it  provides  a  simple  means  of  obtaining  alternating 
current  varying  in  frequency  between  considerable  hmiis, 
which  may  be  controlled  by  a  resistance  in  the  field 
circuit  of  the  converter,  which,  at  the  same  time,  is  pro- 
tected against  the  risk  of  overrunning  when  the  load  on  it 
is  varied. 

Mr.  G.  A.  Jl'Hl.l\  (in  reply):  I  quite  agree  with  Mr.  Mr 
Taylor's  objections  to  the  reactance-controlled  m.ichinc 
when  operating  under  conditions  such  as  those  suggested, 
and  I  endeavoured  to  make  it  clear  that,  when  power- 
factor  improvement  is  ilesi  td  by  supplying  le.iding  cur- 
rents from  the  converter  independent  of  the  voltage  and 
load,  it  is  uot  possible  to  use  this  type  of  machine.  Re- 
ferring to  the  question  of  the  possibility  ot  obtaining  lead- 
ing currents  from  the  converter  both  when  converting 
from  alternating  to  continuous  current  and  from  continu- 
ous to  alternating  current,  it  is  of  course  possible  to  make 
the  converter  take  more  than  its  share  of  the  wattless  load 
in  the  s;ime  way  as  an  ordinary  alternator,  but  it  should  be 
borne  in  mind  that  the  ability  of  converters  to  carry  watt- 
less currents  is  limited,  and  with  very  low  power  factor  on 
the  feeder  it  may  not  be  possible  to  supply  wattless  current 
'  from  the  converter  in  proportion  to  the  watt  load  it  carries. 
With  reference  to  the  schemes  suggested  by  Mr.  Taylor 
when  running  rotary  converters  in  conjunction  with 
batteries,  I  believe  the  range  required  for  charging  is 
outside  the  limit  for  reactance  control  and  that  boosters 
would  have  to  be  used.  When  running  the  converters 
inverted,  it  would  be  necess;iry  to  use  some  kind  of  auto- 
matic regulator  so  as  to  prevent  the  overloading  of  the 
lialtery  and  converter  due  to  voltage  variation  of  the 
alternating-current  supply.  It  is  hardly  possible  to  make 
any  statement  as  to  whether  such  an  arraiigenu  nt  would 
be  successful  from  an  economical  point  of  view,  as  each 
case  would  have  to  be  considered  on  its  merits.  The  cost 
of  the  Ixjo-ler  type  of  converter  is  considerably  higher  than 
that  of  the  simpl'  converter,  owing  to  the  necessity  of 
buihiing  -uch  n.  a  more  lilieral  design. 

I  do  not  quite  '1  Mi.  Taylor's  remark  that  the 

converter  docs  not  deliver  any  a.c.  load  current  when  run- 
ning inverted  but  only  leading  wattless  current.  If  the 
converter  is  not  supplying  a.c.  power  to  the  mams  I  cannot  . 
see  how  any  saving  in  copper  in  the  cxtrahigh-lcnsion 
mains  can  In:  made  when  the  power  factor  is  unity,  as  it 
would  Ik  necessary  to  relieve  the  feeder  of  load  to  obtain 
this  result.     When  the  power  factor  is  poor,  some  saving 


JUHLIN:   VOLTAGE   REGULATION   OF   ROTARY   CONVERTERS:   DISCUSSION.     257 


lin.  can  be  made  b\'  improving  the  power  factor  and  without 
suppl3'ing  anv  load  current.  In  such  a  case  it  cannot  be 
said  that  the  a.c.  network  is  fed  from  the  batteries.  If  it 
is  only  desired  to  supply  wattless  current  to  the  a.c.  mains 
this  can  be  done  without  the  use  of  batteries. 

The  arrangement  described  by  Mr.  Brazil  is  very  inter- 
esting. As  far  as  interference  with  commutation  of  the 
converter  fitted  with  a  continuous-current  booster  is  con- 
cerned, there  is  no  difference  whether  the  booster  is  of 
tlie  continuous  or  alternating-current  type,  as  mechanical 
power  is  transmitted  through  the  shaft  in  both  types  and 
to  the  same  extent  if  the  amount  of  boost  is  the  same. 
The  results  obtained  in  operation  indicate  that  the  machine 
in  question  is  of  a  liberal  design  and  that  a  cheaper  machine 
could  be  produced  if  the  voltage  regulation  were  obtained 
by  some  other  means  than  boosters  mounted  on  the  shaft. 
Mr.  Brazil  is  correct  in  the  assumption  that  the  power 
factor  can  be  controlled  when  a  continuous-current  booster 
is  used  as  well  as  when  an  alternating-current  booster  is 
employed.  The  disadvantage  of  the  continuous-current 
booster  is  considerable,  as  the  commutator  has  to  carry  the 
full  current,  which  means  additional  attention  and  main- 
tenance ;  the  cost  is  also  higher  than  that  of  the  a.c.  booster. 

In  reply  to  Mr.  Chattock,  it  is  possible  to  obtain  a  lead- 
ing power  factor  if  tappings  are  provided  on  the  trans- 
former, but  not  to  regulate  the  power  factor  independently 
of  the  voltage  unless  the  tappings  on  the  transformer  are 
changed,  and  for  the  range  between  the  different  tappings 
tiie  power  factor  is  fixed  by  the  design  of  the  transformer. 

In  answer  to  Mr.  Burge,  I  would  saj-  tliat  the  curves 
shown  in  Fig.  lo  refer  to  six-phase  machines.  The 
reactive  iron  is  introduced  into  the  transformers  to  form 
a  path  for  the  leakage  flux.  The  separately-driven 
synchronous  booster  has  been  considered  but  has  not 
come  into  use,  owing  to  the  possibility  of  swinging 
being  set  up,  which  might  prove  objectionable. 

Dr.  Smith  appears  to  have  misunderstood  Fig.  5,  as  it 
refers  to  per  cent  load  and  not  per  cent  overload.  There 
is  no  difficulty  in  obtauiing  a  straight-line  reactance  up  to 
this  load,  as  the  point  of  the  load  at  which  the  reactive 
iron  becomes  saturated  can  be  fixed  b}-  the  design  of  the 
transformer.  The  intiuence  of  the  saturated  reactive  iron 
is  somewhat  difficult  to  predict,  and  it  is  hardly  possible 
to  make  a  comparison  at  the  present  time. 

I  do  not  think  Mr.  Whitakcr  is  justified  in  his  statement 
as  to  the  choice  left  by  the  paper  when  a  large  range 
of  voltage  is  required  or  when  leading  currents  are  desired 
from  the  converter  under  all  conditions  of  load  and  volt- 
age.    On  page  241  several  schemes  for  obtaining  voltage 


variation  are  mentioned,  and  I  described  a  further  method  Mr.  jiihiin. 
of  voltage  control  by  means  of  a  booster  transformer  (see 
Appendix  2).  I  do  not  think  it  follows  that  because  a 
comparison  is  made  between  two  methods,  these  arc  the 
only  ones  we  can  employ.  The  point  I  wished  to  lay 
stress  on  is  that  the  reactance-controlled  type  has  not 
received  the  consideration  it  merits,  and  that  by  carefully 
studying  the  requirements  it  is  possible  to  employ  this 
method  with  success  for  a  greater  range  of  voltage 
variation  than  is  usually  considered  satisfactory.  I  agree 
with  Mr.  Whitaker  that  the  induction  regulator  deserves 
consideration  as  a  means  of  obtaining  voltage  regulation, 
but  it  is  an  expensive  piece  of  apparatus,  and  I  believe  the 
booster  transformer  shown  in  Fig.  11  of  .Appendix  2  will 
be  cheaper  and  more  efficient. 

I  hardly  agree  with  Mr.  Woodhouse's  conclusion  that  the 
reactance-controlled  converter  is  not  useful  for  improving 
the  power  factor,  as  it  is  possible  to  obtain  a  power  factor 
of  approximately  unity  with  fairly  large  range  of  voltage, 
and  if  load  of  this  nature  is  added  to  a  system  having  a 
low  power  factor  it  does  improve  the  general  power  factor 
of  the  system.  It  is  difficult  to  give  an  exact  estimate  of 
the  arrangement  with  a  small  booster  and  a  change-over 
switch,  as  it  may  be  possible  to  run  the  converter  at  a 
higher  speed  with  the  smaller  amount  of  boost.  Assuming 
that  the  same  converter  is  used,  the  cost  would  be  reduced 
by  6  to  7  per  cent  as  compared  with  the  large  booster. 

With  regard  to  Mr.  Jakeman's  communication,  I  think  it 
is  clearly  stated  on  page  247  that  the  power  factor  on  the 
high-tension  side  differs  from  that  of  the  converter,  and 
the  power  factors  at  both  points  are  given  in  the  various 
tables.  It  is  doubtful  whether  the  curves  in  Fig.  7  would 
be  easier  to  understand  if  the  ordinates  were  expressed  in 
terms  of  power  factor.  I  believe  the  power  factor  at  low- 
loads  would  give  a  false  impression  as  to  the  effect  it 
would  have  on  the  system,  and  that  this  influence  is  more 
readily  appreciated  if  the  wattless  current  is  expressed  as  a 
percentage  of  the  full-load  current. 

The  point  raised  by  Professor  Marchant,  in  connection 
with  the  vector  diagrams  when  the  only  reactance  in 
circuit  is  that  of  the  converter  itself,  is  very  interesting. 
In  most  cases  where  reactance  control  is  used,  the  con- 
verter reactance  is  a  small  part  of  the  total,  and  no  account 
has  been  taken  of  the  irregular  variations  of  the  current  in 
the  armature.  It  is  somewhat  difficult  to  give  any  accu- 
rate figures  for  the  efficiency  of  the  two  types.  Higher 
speeds  can  be  adopted  for  machines  with  reactance 
control,  and  the  efficiency  may  therefore  be  from  J  to 
I  per  cent  better  for  this  type  than  for  the  booster  type. 
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Mr.  R.  TowxEXD  :  The  rotor  converter  is  primarily  a 
machine  for  converting  from  alternating  current  to  con- 
tinuous current  with  as  small  a  voltage  variation  as 
possible,  and  any  increase  in  the  voltage  range  is  accom- 
panied by  some  sacrifice  in  the  heating,  efficiency,  power 
factor,  or  cost  of  the  equipment.  If  the  required  voltage 
range  is  within  the  limits  permissible  with  reactance 
control,  this  sacrifice  may  be  small  ;  but  when  the  voltage 
range  is  outside  this  limit,  some  additional  apparatus  is 
necessary  and   then   the   sacrifice   may  be   considerable. 

Vol.  55. 


It  is  theref6re  important  that  the  rotary  converter  should  Mr. 
be  designed  for  the  voltage  range  under  which  it  will  have  ^ownend. 
to  operate,  and  this  range  should  not  be  considerably  in- 
creased in  order  to  be  safe.  There  is  one  part  of  the 
subject  which  the  author  has  not  dealt  with,  namely, 
the  voltage  regulation  when  the  converter  is  running 
inverted  (i.e.  converting  from  continuous  to  alternating 
current).  In  this  case  the  conditions  are  quite  different 
from  those  when  the  converter  is  running  alone  and  when 
it   has   alternating-current   generating   plant    running    in 
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p»i  It.      Ill   the   former   case,  any   \-ariation   in 

tlu  ii.ttion   of   the   converter   will   only   cause  a 

\-ari.iiion  in  the  speed  of  the  niacliinc  and  will  not  affect 
Its  voltage  ;  therefore  some  form  of  auxiliary  apparatus 
IS  essential  if  it  is  neccssar)'  to  have  control  over  the 
alternating  voltage.  If  the  rotary  converter  is  running 
in  parallel  with  alternating-current  generating  plant,  a 
vanatiun  in  its  excitation  cannot  change  the  speed,  because 
the  converter  must  run  in  synchronism  with  the  other 
machines,  and  therefore  the  change  in  field  current  causes 
a  change  in  the  wattle-s  current  flowing  in  the  converter, 
this  change  being  suflicient  practically  to  neutralize  the 
alteration  to  the  field  excitation.  This  change  in  the  watt- 
less current  will  of  course  cause  a  variation  in  the  alternat- 
ing voltage,  provided  there  is  some  reactance  in  the  circuit, 
exactly  a*  in  the  case  of  a  rotary  converter  converting 
from  alternating  current  to  continuous  current  and  having 
reacUiiice  control.  This  variation  in  the  wattless  current 
of  the  converter  simply  means  that  tlie  wattless  current 
carried  by  the  machine  is  now  carried  by  the  alternating- 
current  generators  (or  vice  versa),  and  it  is  therefore  neces- 
sar)-  to  take  care  that  this  will  not  result  in  overloading 
these  generators  with  wattless  current. 

X(r.  A.  (j.  Ki.Lis  :  In  deciding  which  system  is  the  most 
suitable  for  any  particular  case,  the  question  of  reliability 
in  scn-icc  should  be  given  careful  consideration.  In  this 
connection  the  primary  voltage  of  the  system  should  be 
taken  account  of.  In  liigh-volt-ige  transformers  tlie  intro- 
duction of  magnetic  shunts  between  the  primary  and 
secondary  windings,  in  order  to  increase  the  reactance, 
is  liable  to  weaken  the  transformer  from  an  insulation 
point  of  view.  Also  for  low  transformer  secondary  vol- 
tage, i.c.  low  voltage  on  the  continuous-current  side  of 
Ihe  rotary  converter,  large  sections  of  copper  will  be 
necessary,  whicli  will  be  more  susceptible  to  parasitic 
losses  due  to  I  lie  large  leakage  fiild.  A  reactance  up  lo 
lo  per  cent  can  generally  be  obtained  as  inherent  react- 
ance of  the  transformer  without  resorting  lo  the  use  of 
magnetic  shunts  of  sheet  iron  placed  between  the  primary 
and  secondary  windings,  and  while  still  retaining  a  rational 
design  a»  regards  material  and  efficiency.  Above  this 
value,  magnetic  shunts  arc  usually  necessary,  and  a  re- 
actance up  lo  50  per  cent  can  be  obtained  by  skilful 
designing  with  a  short-circuit  characteristic  not  deviating 
appretiahlv  from  a  straight  line.  Such  high  reactance  is, 
as  shown  in  the  paper  I  page  243),  not  usually  necessary  for 
the  rn:i'jr  "f  voltage  v,iriation  required  in  practice.  This 
IS  •■  .IS  the  disabilities  as  regards  parasitic  losses, 

sp.i  , -'.d  for  the  reactive  iron  and  mechanical  solidity 

of  construction,  increase  with  the  reactance.  Even  with 
very  high  reactance  these  difficulties  are  not,  however, 
iiikupc-rahle,  and  may  he  met  by  suitable  disposition  of 
111'  ••i:,;i,ii   til  the  construction.     A 

»  ;     .     rcallv  only  required  in  the 

«'  ■:'.    t-oiivi'i  Ids    vsiirkiiig   on    either  lighting  or 

tr  i  111   for,   say,   440  and    550    volts    (continuous 

current;,  in  "iith  caMss  the  most  satisfactory  arrange- 
ment i»  lo  provide  a  lap  for  the  lower  voltage  on  the  \ow-. 
icntioii  %ide  of  the  transformer.  This  li  generally  a 
practicable  proportion,  though  it  is  not  always  an  easy 
mailer  lo  hfing  out  such  a  lap,  especially  when  dealing 
»  '  primary    vollagc.     It   is  of 

•  '  .:  tirnis  have  not  gone  in  for 
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high  reactance  transformers  to  such  an  extent  as  is  usual  Mr.  ElUi 
in  Knglaiid,  but  have  often  supplied  the  necessary  react- 
ance in  the  form  of  a  separate  choke  coil  in  series  with  the 
transformer.  This  is  partly  due  to  the  prim;iry  voltage 
often  being  very  high  on  the  Continental  systems,  and  the 
consequent  desire  to  avoid  the  introduction  of  reactive 
iron,  for  the  reasons  I  have  noted  above.  Booster  trans- 
formers, apart  from  the  question  of  cost,  are  undesirable 
on  account  of  the  extra  complication  and  sources  of 
possible  breakdown  introduced,  namely,  two  extra  trans- 
formers and  a  voltage  regulator.  For  large  loUrv  con- 
verters with  wide  voltage-variation  limits,  a  large  number 
of  steps  on  the  regulator  will  be  required  or  trouble 
will  be  experienced  on  account  of  the  large  number  of 
volt-amperes  between  contacts.  This  will  le.id  to  a  large 
and  expensive  regulator,  and  such  a  tine  degree  of  regula- 
tion is  not  usually  required,  especially  in  tiaction  work. 
The  scries  booster  transformers  also  require  special  care  in 
construction,  as  they  have  to  stand  heavy  shocks  in  case  of 
short-circuit. 

Mr.  J.  LiXDi.F.v  Thompsox  :  There  are  one  or  two  points  Mr.  Ijh 
with  regard  to  the  st.itic  apparatus  mentioned  in  the  paper 
about  which  I  should  like  to  make  a  few  remarks.  These 
points  are:  (i)  Transformer  with  internal  reactance; 
(,2)  transformer  with  external  reactance  ;  (3 1  static 
boosters  and  regulators.  The  adoption  of  any  one 
method  of  those  outlined  for  voltage  regulation  depends 
in  my  opinion  on  the  following  essential  f.icts  :  (<j)  effi- 
ciency of  complete  unit  ;  {b)  cost  of  complete  unit  ; 
(f)  floor  sp.ice  required.  For  machines  transforming 
power  from  alternating  current  to  continuous  current  any 
of  the  three  types  of  static  app.ir.atus  can  be  used  ;  for 
inverted  running,  however,  altern.itives  (2)  and  (3)  only 
can  be  adopted.  Alternative  (i)  cannot  be  used  on  account 
of  the  excessive  volt.ige  drop,  unless  the  machine  is  feeding 
an  allernating-current  system,  as  outlined  by  Mr.  Townend. 
As  regards  the  efticieiicy  of  the  static  apparatus,  1  find 
from  investigation  that  whichever  scheme  is  adopted  the 
overall  efficiency  of  the  static  apparatus  is  about  the  same, 
though  the  advantage,  if  any,  is  slightly  in  favour  of  that 
embodying  the  transformer  h.iving  a  high  internal  react- 
ance. With  regard  to  cost,  the  following  figures  will  serve 
as  a  guide.  The  costs  ,irc  given  as  a  percentage  of  the  cost 
of  a  transformer  having  normal  re.ictance,  this  cost  being 
represented  as  too  per  cent.  For  example  we  will  take 
a  55ok.v.a.,3/6phase,  50-period  transfoniier  with  st.indard 
.'idjusting  tappings  such  as  would  be  used  for  a  500-kw. 
rotary  converter. 


(1)  Main  transformer  

(2)  25    %    reactance   embodied  in   trans- 

former, extra  cost  of 

(3)  25   %  re.ictance  embodied   in  .in  ex- 

ternal re.-iclaiice,  cost  of      

(4)  A  statu-  booster  and  rcgiil.itor  to  give 

/I    'V.    regulation,  i.e.  the  same  as 
woiilil     be     obtained    with     25    % 

reactance  

Additional   switchgear  involved,  ext 
cost  of 


23  % 


...     33  "■  I 
xtra  V  45  % 

...     I J  %  f 


From  these  rough  estimates  if  will  be  seen  that  the  high 
reactance  transformer  is   by  far  the  most  favourable   as 
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regards  cost,  ;iiid  as  regards  eiScienc)'  it  also  is  equal  to 
anj'  other  SLheme.     Floor  space   is  very  important  ;  for 
from  my  experience  of  generating  stations  and  substations, 
floor  space  is  very  limited  and,  in  general,  static  apparatus 
is  unfairly  treated  in  this  respect.     From  this  point  of  view 
the  high-reactance  transformer  is  bj'  far  the  most  econo- 
mical,  while   the    external   reactance   is   better   than   the 
static  booster  and  regulator.     If  inverted  running  is  re- 
quired, an  external  reactance  which  can  be  short-circuited 
and  adjusting  taps  on  the  transformer  are  necessary,  or  the 
alternative  of  the  static  booster.     This  condition  is  the 
most  favourable  for  the  static  booster,  and  is  the  only  case 
in  which  I  should  recommend  its  use.   With  astatic  booster 
it  is  necessary  to  consider  its  electrical  position  with  re- 
ference  to    the    transformer.      If    converting    alternating 
current  to  continuous  current,  the  low-tension  side  is  the 
correct  place,  if  cotivertnig  from  continuous  to  alternating 
current   then   it   should   be  on  the  high-tension  side,  i.e. 
whichever  conversion  is  used  it  should  be  on  the  secondary 
side  of  the  main  transformer  in  order  to  obtain  the  highest 
efficiency.     If  the  rotary  converter  is  feeding  a  three-wire 
continuous-current  circuit,  and  the  booster  is  on  the  low- 
tension  side,  then  a  six-phase  booster  must  be  employed, 
thus  boosting  equally  each  side  of  the  six-phase  neutral  in 
order  to  obtain  equal  continuous-current  voltages  from  the 
middle  wire  to  the  outers.     This  necessity  of  course  in- 
volves further  expense  and  depreciates  the  value  of   this 
scheme  still   further  as  regards  cost.      On  page  243  the 
author   refers  to  the   reluctance  of   transformer   builders 
to   include   more   than   30   per  cent   reactance   in   trans- 
formers.    While   I    agree   with   him   on   this   point  to   a 
certain  extent,  I  should  like  to  say  that  higher  values  are 
not  impossible.     If  higher  reactance   would  assist  rotary 
converter  designers  in  any  way  they  can  have  it,  but  at  an 
extra  cost,  thougli  that  cost  would  not  be  excessive  and 
would  compare  favourably  with  external  reactance  having 
the  same  value  ;  the  efficiency  also  would  compare  favour- 
ably.    I   have  designed  transformers  embodying   45    per 
cent  reactance,  and  these  transformers  are  in  commission 
and  working  satisfactorily.     The  high  reactance  of  course 
increases  the  stray  losses,  but  with  scientific  design  these 
can    be   reduced   to   a   minimum.      With    regard   to   the 
author's    reference    to    cost,    I    should   like   to    know   if 
the   comparative   cost   is   on   the  converter   alone,  or  on 
the  converter  plus  the  transformer. 

Mr.  J.  S.  Peck  :  One  of  the  handicaps  of  the  rotary 
converter  is  that  the  ratio  between  the  alternating  and 
the  continuous  voltage  is  fixed  within  very  close  limits, 
so  that  if  it  is  desired  to  vary  the  continuous  voltage  it 
is  necessary  to  vary  the  voltage  impressed  upon  the  slip- 
rings.  There  are  several  methods  of  doing  this,  and  from 
the  very  iirst  the  reactance-control  method  has  been 
extensively  adopted,  but  when  it  was  desired  to  obtain 
a  greater  voltage  range  than  it  was  possible  to  get  with 
the  reactance  control,  or  where  power  factor  control  as 
well  as  voltage  control  was  required,  it  was  customary  to 
use  a  method  similar  to  that  outlined  by  the  author  on  the 
board,  i.e.  some  form  of  step-by-step  control.  In  fact  we 
went  so  far  as  to  standardize  the  particular  method  of 
control  shown  in  Fig.  C,  which  will  be  self-explanatory. 
This  system  of  control  was  used  on  rotary  converters  up 
to  perhaps  500  or  600  kw.,  and  was  perfectly  satisfactory 
in  every  respect  except  that  the  regulator  dial  itself  gave 


trouble,  and  on  account  of  these  difficulties,  which  were  Mr.  Peck, 
largely  of  a  mechanical  nature,  this  type  of  regulator  was 
finally  abandoned  in  favour  of  the  induction  type  which 
is  even  now  being  used  to  a  certain  extent,  and  which 
perhaps  may  again  come  into  general  use.  It  is  also 
possible  that  the  step-by-step  regulator  may  again  become 
popular,  as  it  is  the  cheapest  type  which  is  available,  and 
improved  mechanical  construction  may  make  it  entirely 
satisfactory.  After  the  induction  regulator  came  the 
synchronous  booster,  and  we  have  to  thank  Professor 
Walker  for  its  introduction  on  a  commercial  scale.  This 
type  of  control  came  into  very  rapid  use,  first  in  this 
country,  then  in  America,  and  then  on  the  Continent,  and 
rapidly  superseded  all  other  types.    When  the  synchronous 
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Fig.  C— .Arrangement  for  varying  the  voltage  on  rotary  con- 
verter by  means  of  boosting  transformer  and  tappings 
from  auxiliary  coil  in  main  transformer  (only  one  phase 
shown). 


booster  was  first  introduced,  commutating  poles  were  not 
generally  used  in  connection  with  rotary  converters,  and 
the  difficulties  which  have  since  been  encountered  in  con- 
nection with  booster  control  have  been  largely  due  to  the 
use  of  the  commutating  pole,  as  explained  by  the  author. 
As  the  commutating  pole  was  more  extensively  intro- 
duced, the  difficulty  of  obtaining  proper  commutation 
when  a  booster  was  used  became  more  clearly  recognized, 
and  designers  now  hesitate  to  employ  the  booster  except 
where  special  conditions  make  its  use  essential,  but 
devices  have  been  worked  out  which  neutralize  the  eff'ect 
of  the  booster  upon  commutation.  These  devices,  how- 
ever, introduce  complications  which  it  is  desirable  to  avoid 
whenever  possible  ;  but  where  the  booster  is  essential  it  is 
always  possible  to  make  it  operate  satisfactorily.  Careful 
study  will  show  that  reactance  control  will  give  perfectly 
satisfactory  service  in  many  places  where  previously  it 
was  thought  that  booster  control  was  necessary.  The 
author  has  dealt  with  the  general  subject  of  reactance 
control  in  a  most  comprehensive  manner,  and  has  stated 
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very  cicarlv  the  posMbililiCN  and  the  limitations  of  the 
<i\-Nlcm.  I  should  like,  however,  to  emphasize  one  point, 
vit.  th.il  with  reactance  control  the  power  (actor  of  the 
rolarv  converter  improves  with  incrca>c  in  the  continuous 
voltat'e,  which  in  general  means  that,  as  the  lo.id  increases, 
the  effect  of  the  converter  is  to  improve  more  and  more 
:|je  jviwcr  factor  of  the  system. 

I'roiesHV  Mu.Es  Walkek  :  A  great  deal  could  be  said 
in  praise  of  this  paper  ;  but  as  in  the  past  we  in  this 
Institution  have  been  prone  to  develop  too  much  into  a 
mutual  admiration  society,  I  think  it  may  be  well  to 
attempt  in  this  instance  a  severe  criticism  of  the  paper. 
The  opportunity  is  a  suitable  one  for  this  line  of  action, 
because  the  author  and  I  are  such  good  friends  that  he 
will  not  object  to  what  1  say  :  on  the  other  hand,  the 
paper  is  so  thoroughly  sound  that  it  is  difficult  to  find 
important  points  to  criticize.  Hox^'cvcr,  I  will  do  my  best. 
In  the  first  place,  those  of  us  who  know  the  author  will 
agree  with  me  that  we  all  expected  a  very  much  liettcr 
p.tper  :  because  while  the  matter  is  excellent,  tlie  manner  , 
lialion  leaves  much  to  be  de>ired.  There  is  a 
III  the  employment  of  terms  which,  however 
justified  in  ordinary  shop  conversation,  ought  not  to  appear 
in  an  important  paper  read  before  the  Institution.  For 
instance,  the  word  "reactance"  is  continually  used  where 
the  author  means  "  reacLince  drop";  .ind  the  word 
'•  resistance "  is  sometimes  used  to  mean  "  resistance 
drop."  Sufficient  care  ha&  not  been  taken  to  make  the 
c|r>ck  diagr.inis  clear.  Kvcry  clock  diagram  ought  to  he 
liy  a  sin.ill  sketch  of  the  connections  to 
•.  showing  the  direction  in  the  circuit  taken 
as  positive  by  the  vectors  in  the  clock  diagram.  More- 
over, where  there  are  various  voltages  dealt  with  in  the 
problem,  which  vary  their  phase  difference  under  clianging  i 
conditions,  the  author  should  definitely  slate  which  of  the  ' 
vectors  he  takes  as  his  stand.vd  of  phase  :  otherwise  it  is 
veiy  difficult  for  anvone  studying  the  diagrams  to  get  a 
correct  notion  of  their  exact  meaning.  A  non-compliance 
with  these  simple  precautions  makes  all  the  clock  diagrams 
in  the  paper  exceedingly  difficult  to  interpret.  Moreover, 
in  Fig.  I  the  scale  of  (he  vectors  is  changed  without  any 
indication  of  the  fact  to  the  student.  The  vector  Kh  is 
drawn  of  the  same  length  in  (A),  (B),  and  (C),  whereis 
Et  is  made  of  different  lengths,  though  we  know  that 
under  practical  conditions  Ki  is  constant  and  Kr  is  vari- 
able. In  the  second  par.igraph  on  page  243  the  author 
givc«  (hp  merest  indication  of  how  the  end  of  Kr  moves 
on  •  wilh  A  as  its  centre,  but  he  docs  not  describe 

the  I  applying  the  construction  to  Figs.  3.  4,  and 

'>.  'I  hii  I*  greatly  to  be  regretted,  because  we  wish  to 
encourage  the  third-year  electrical  engineering  students 
to  make  a  Mudy  of  Institution  paptcrs  ;  and  unless  the 
aulhorit  of  the  papers  take  enough  care  to  explain  their  { 
construction*  in  a  manner  which  can  be  understood  by 
anv  'lit,  the   effort   in   reading   the 

pa|  ,<it  only  to  these  MiKlents  but 

I')  ■  ii  well.     The  description  in  Fig.  7 

i»  •  c,  and   I  wan  in  fact  entirely  misled 

a»  to  what  II  rrfcrrod  tf).  The  legend  reads  :  "  Curves 
thowing  W4ttlrv«  current  in  shunt-wound  rotary  converter." 
It  ihrn   give*  the   pcrcenLigc   load   a»   ahsciM.!-   and  the 

p*-'   ■■' walllr«t  current   a*  ordinate*.      The  student 

n.<'  "  I  did  not  know  that  the  waltleM  current 


in  a  shunt-wound  rotarv  converter  varied  with  the  load  to  i^ofeiaor 
such  a  great  extent  as  this."  If  the  author  had  given  in  a  ^^*"'"- 
short  paragraph  an  indication  of  how  Fig.  7  was  derived 
from  Fig.  (t,  and  if  the  legend  had  read  :  •'  Curves  showing 
the  wattless  current  required  to  increase  or  decre.isc  the 
volt.igc  by  7J  per  cent  on  a  rot.-iry  converter,"  the  diagram 
would  be  perfectly  clear.  As  a  matter  of  fact,  the  curves 
are  equ.-illy  applicable  to  a  rotary  converter  whether 
shunt-wound  or  series-wound,  if  the  reactance  drop  in  the 
transformer  is  the  same.  The  reduction  of  the  w.ittless 
current  required  to  produce  a  given  voltage  variation 
when  saturated  re.ictance  iron  is  used  is  of  great  interest, 
but  it  should  be  pointed  out  more  emphaticilly  that  this 
gain  is  only  possible  where  the  reactance  drop  is  used  in 
reducing  the  voltage  when  drawing  a  lagging  current. 
Attention  should  also  be  drawn  to  the  f.ict  that  where  the 
compounding  characteristic  is  of  the  kfiid  shown  in  Fig.  4 
there  is  some  danger,  when  a  machine  is  being  taken  off 
load,  of  a  sudden  slump  of  load  occurring  as  the  load  is 
being  reduced,  and  a  heavy  reverse  current  being  taken 
by  the  converter  before  the  circuit  breaker  comes  out  on 
reverse  current.  As  an  illustration  of  the  improvement 
which  the  author  might  have  made  in  his  paper  with  very 
little  trouble.  I  m.iy  refer  to  the  expression  for  tan  J-,,  on 
page  247,  which  the  author  makes  equal  to  (I»±I-,)/I,. 
The  ±  sign  in  this  case  is  very  unsatisfactory.  It  would 
be  much  better  to  define  the  sign  of  the  wattless  current 
as.  let  us  say.  positive  for  the  lagging  current  and  ncg.itivc 
for  the  leading  current.  The  expression  then  becomes 
(1,  +  l„VI.'>  and  not  only  do  we  avoid  the  ±  sign,  but  the 
expression  gives  at  the  >aine  time  the  correct  sign  of  the 
angle  vt,  ;  so  that  a  little  lower  down  on  the  page  it  would 
not  have  been  necessary  to  give  two  expressions  for  the 
power  factor  on  the  high-tension  side,  bec.iuse  cos  {^+  ^,) 
would  be  correct,  and  the  sign  of  the  resulting  angle 
would  itself  indicate  whether  the  current  was  leading  or  . 
lagging.  All  the  points  that  I  have  raised  are  minor  ones, 
and  do  not  affect  the  thoroughly  sound  and  useful  infor- 
mation given  ill  the  paper.  I  liope  that  in  the  future  we 
shall  not  let  otf  lightly  authors  of  good  papers  who  do 
not  make  every  effort  to  present  the  matter  in  the  most 
readable  form. 

Dr.  W.  Crami-  {communicated)  :  At  a  (ime  when  linking  D>Cr»n 
up  is  being  so  much  discussed,  a  paper  on  (his  subject  is 
of  considerable  imporLincc,  but  it  must  always  be  remem- 
bered that  Ihoe  converters  are  not  used  only  in  connection 
with  substation  distribution  for  large  districts,  but  that 
they  are  also  installed  to  supply  individual  factories.  This 
point  of  view  seems  to  have  been  lost  sight  of  in  the  paper 
altogether.  The  author  speaks  of  wattless  current  to  the 
extent  of  50  to  60  per  cent  of  the  load  current,  and  he 
omits  to  take  into  consideration  the  very  serious  effects 
of  such  a  condition  upon  (he  consumer's  .•iccoun(.  He 
should  remember  that  in  many  large  towns  electricity  is 
charged  for  upon  a  kilovolt-ampcre  basis,  and  in  con- 
sequence the  purchaser  has  to  pay  for  every  ampere  of 
watllc-.s  current  whether  this  is  lagging  or  leading.  In 
such  a  i.ise  (he  control  of  power  factor  is  of  prime  impor- 
tance and  it  often  pays  to  expend  rather  more  capital  to 
get  control  nf  the  power  factor  than  In  use  a  converter 
with  reactance  control.  Another  point  which  is  oinilled 
•Itogcther  from  the  paper  is  the  loss  in  the  leads  between 
the    transformer    and    the  converter.      In   (he  case,  for 
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)ramp.  instance,  of  a  converter  for  500  kw.  and  250  volts  (con- 
tinuous current),  the  distance  between  the  transformer 
and  the  converter  might  easily  be  so  great  as  to  lose 
^  per  cent  or  even  more  in  efficiency  at  full  load  on  unity 
power  factor,  and  this  will  be  considerably  increased  by 
the  extra  wattless  current,  which  the  .author  admits  may 
be  as  much  as  60  per  cent  of  the  load  current.  For  these 
reasons  the  table  on  page  251  is  really  only  a  true  summary 
for  substation  conditions.  For  private  plants  in  general  it 
is  more  economical  and  satisfactory  to  adopt  either  a 
booster  control  or  a  motor  converter.  With  reference  to 
the  comparison  between  the  rotary  converter  and  the 
motor  converter,  the  following  figures,  which  are  taken 
from  estimates  submitted  a  short  time  ago  for  500-kw. 
460-volt  sets,  will  be  of  interest.  The  machines  were 
required  to  operate  at  voltages  varying  from  440  to  480  on 
the  continuous  side.  Under  these  conditions  the  figures 
were  as  follows  : — 

Rotary  Conveiier. 
420  Volts. 

Load  i  i  3  I 

Cos  ip ...    0-55        080        o'go        o'95       Lagging 
480  Volts. 

Load  J  i  3  I 

Cos^...    0'55         o'8o        ego        01)5       Leadmg 

As  against  the  above,  the  motor  converter  power  factor 
only  varied   from  093    to  unity  over  the  same  range  of 


voltage  and  load.  Such  figures  speak  for  themselves  and  Dr.  Cramp. 
form  a  sharp  contrast  to  the  statement  made  by  the 
author.  On  page  243  the  author  refers  to  the  expression 
for  the  electromotive  force  of  the  transformer.  It  would 
be  useful  if  he  would  give  this  in  algebraic  form.  On 
page  248  the  word  "compounding"  is  used  where  it 
seems  to  me  that  the  author  means  "over-compounding." 
Throughout  the  paper  there  is  some  confusion  as  to  what 
is  meant  b}-  lagging  or  leading  current,  i.e.  as  to  whether 
the  lag  or  lead  is  with  reference  to  the  generator  or  con- 
verter electromotive  force.  With  regard  to  the  compara- 
tive efficiency  of  rotary  converters  with  reactance  and 
transformers  as  compared  with  motor  converters,  I  have 
generally  found  that  in  the  makers'  estimates  there  is 
about  I  per  cent  difference  at  full  load,  but,  as  already 
pointed  out,  this  may  easily  be  absorbed  in  the  connec- 
tions to  the  rotary  converter,  especially  when  heav)' 
wattless  currents  are  being  used  for  reactance  control. 
I  notice  that  the  author  does  not  refer  to  the  possibility 
of  making  use  of  a  continuous-current  booster  instead  of 
the  alternating-current  type.  The  machine  may  be  rather 
more  expensive,  but  it  has  the  merit  of  leaving  the  power- 
factor  control  untouched  and  of  not  interfering  with  the 
commutation  of  the  converter  itself. 

(Mr.  Juhlin's  reply  to  the  discusj^ion  will  be  published  in 
a  later  issue.) 


Yorkshire  Loc.\l  Section,  21  March,  1917. 


ieivey.  Mr.  W.  M.  Selvey  :  The  paper  discusses  voltage  regula- 
tion of  rotary  converters  rather  than  rotarj'  converters 
per  se.  The  troubles  which  I  have  experienced  with 
these  machines  were  not  due  to  any  question  of  voltage 
regulation,  but  to  the  design  of  the  interpoles  and  their 
spacing.  This  is  an  important  matter  in  large  converters 
with  heavy  currents  and  quickly  varying  loads,  and  the 
author  has  probably  this  in  his  mind  when  discussing  the 
variation  of  flux  in  the  interpoles.  In  reviewing  the  whole 
subject,  it  is  remarkable  how  much  thought  has  been  ex- 
pended in  remedying  our  former  mistakes.  One  machine 
should  not  be  expected  to  supph-  both  traction  and  lighting, 
and  to  do  either  equally  well  with  no  appreciable  increase  in 
cost  above  that  of  a  machine  designed  for  a  single  purpose. 
I  wonder  whether  we  shall  ever  have  simple  straightfor- 
ward apparatus  designed  for  each  particular  purpose. 
Only  under  such  conditions  shall  we  arrive  at  the  ideal 
of  simplicity  and  cheapness  without  sacrificing  other 
essential  qualities. 

3haw.  Mr.  J.  H.  Sh.-vw  ;  Many  rotary  converters  have  un- 
doubtedly been  installed  in  this  country  with  much  larger 
voltage  ranges  than  are  necessary.  I  think  the  author 
should  have  definitely  stated  in  the  paper  that  rotary  con- 
verters are  unsuitable  for  excessive  voltage  ranges  unless 
transformer  taps  arc  used.  The  Continental  makers 
seemed  to  be  well  aware  of  this  a  number  of  years  ago, 
when  I  had  occasion  to  report  on  some  tenders  for 
i,5oo-kw.  rotary  converters  where  a  20  per  cent  range  in 
voltage  was  called  for,  10  per  cent  up  and  dovim.  I  found 
that  a  well-known  German  firm  had  included  for  one  or 
■  two  small  motor-generators  to  be  connected  somehow 
to  the  commutating  poles  of  the  converter  ;  in  fact,  the 


machines  had  an  excessive  amount  of  auxiliary  gear.  I  .m,.  sIi.iw. 
believe  I  am  correct  in  stating  that  a  rotary  converter  can 
be  designed  for  a  large  voltage  range  provided  that  the 
regulation  is  effected  by  means  of  a  shunt  winding  only. 
The  commutating  poles  can  then  be  excited  in  series  with 
the  booster  excitation,  and  the  armature  distortion  caused 
by  the  booster  acting  as  a  motor  or  generator  can  be  neutra- 
lized. A  further  argument  that  might  be  used  against  the 
employment  of  booster  converters  on  traction  supplv  is 
that  any  attempt  at  power-factor  correction  is  impossible 
on  account  of  the  rapidly  changing  load.  I  am  of  the 
opinion  that  the  author  has  made  too  much  of  the  advan- 
tage of  being  able  to  obtain  leading  power  factor  at  full 
load  and  overload.  If  the  case  of  a  suburban  railway  system 
be  considered  with  perhaps  only  a  few  trains  per  hour,  it 
is  quite  possible  that  one  substation  might  be  fully  loaded 
when  the  substations  on  each  side  are  lightly  loaded.  It 
is,  however,  some  advantage  tiiat  the  heavily  loaded  con- 
verter should  work  with  a  leading  current  as,  of  course, 
the  lightly  loaded  machines  will  be  running  with  a  lagging 
power  factor,  thus  tending  to  maintain  unity  power  factor 
on  the  system. 

Mr.  W.  H.  Browx  :  The  author  apparently  emphasizes  mi.  Brown, 
the  advantages  of  reactance  control  as  against  the  booster 
method,  and  where  the  voltage  variation  required  is  com- 
paratively small  there  appears  to  be  no  question  as  to  its 
being  the  better  method.  I  wish  he  would  let  us  know  to 
what  extent  the  voltage  ratio  may  be  altered  by  varying  the 
design  of  the  poles  ;  that  is,  how  far  the  usual  ratios  of  070 
and  o'6i  for  single-phase  and  three-phase  rotary  converters 
respectively  may  be  varied  by  merely  altering  the  shape  of 
the  main  poles.  In  the  case  I  have  in  mind,  the  converters 
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Mt  Bron    a-,  -jcd,  with  of  course  a  fixed  voltage  on  Jlic 

C'  111   side.     Fig.  2   shows  that   the    wattless 

current  with  the  reactance  control  is  a  tninimuni  when  the 
reactance  i>  about  20  per  cent.  I  should  like  to  know 
whether— in  the  light  of  what  has  bcxn  said  to  night— this 
IS  a  \-aluc  which  a  customer  might  properlv  ask  for  when 
inviting  tenders,  or  whether  the  matter  shcmld  be  left  to 
the  discretion  of  the  builder.     I  should  also  like  to  ask  in 


regard  to  tappings  on  the  transformer,  whether  a  change  Mr.  Bw 
of  tap  could  safely  be  m.ide  whil>t  the  rotary   converter 
was  on  load.   To  me  it  .ippcars  that  under  these  conditions 
any  change  in  this  direction  would  have   to    be  of  very 
small  value  if  continuity  of  running  were  desired. 

(Mr.  Juhlins  reply  to  the  discussion  will  be  published  in 
a  later  issue.  ^ 
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By  F.  Gk.\h.\m,  Mctnbcr. 
{Ailiiress  delivered  15  Nmrmher,  lyiO.) 


In  opening  this  .iddress  I  would  remind  you  of  the  sub- 
stance of  your  immediate  Past  Chairman's  address  delivered 
on  the  27th  May,  1915,'  and  1  should  like  to  make  a  few 
obscr\'ations  upon  the  same. 

Mr.  Carter  reviewed  the  relations  subsisting  universally 
between  the  public  and  the  public  service  corporations, 
or,  as  termed  in  the  I'niled  States  of  America,  public 
utilities.  He  argued  that  there  was  a  school  of  thought 
in  every  country  that  favoured  the  acquisition  of  public 
utilities  by  the  State,  and  curiously  enough  this  school 
had  disciples  in  China.  He  then  gave  figures  regarding 
pubhc  services  in  Kurope  and  America,  and  showed  that 
the  11  by  a  State  or  Province  of  its  utilities  did 

"ol   '  1  to  increased  efficiency.     He  also  compared 

•he  s  and  drawb.icks  of  communal  and  corpor-il 

coi;., 

I  Mil>iiiii  that  the  amount  o(  money  spent  in  any  country 
in  the  world  on  public  utilities,  and  the  judicious  manner  in 
which  these  scr\iccs  arc  managed,  are  indicative  of  the 
degree  of  civilization  and  culture  of  that  country. 

When  we  turn  to  the  public  utilities  of  China,  wc  find 
the  facilities  of  transport,  water  and  lighting  supply, 
sewage  disposal,  telephone  and  telegraphs,  practically 
"""  ind  this  in   spite  of  the   enormous  natural 

""''  resources  possessed  by  our  neighbour  ;  and 

wc  cotiic  to  the  concluvinn  that  only  a  mere  fraction  of 
this  wealth  ha-  been  expended  to  ameliorate  the  conditions 
of  lift.  Newcomer-i  to  the  Kast  invariably  ask  us  why 
the  Chinese  do  not  emulate  the  foreigner  more  in  this 
direction,  after  living  under  a  foreign  regime,  as  in  Hong- 


Kong,  an 
I   think 


/ing  its  benefits.    'I"he  reasons  are  many. 

lai  k  of   public    spirit  inherent  in    the 

<    idinary  divrrgard  of  time  and 

Ills  distrust  f)f   higher  native 

ir'im    what    I    hear    from    those   who   arc 

'.  Ihr  way»  of  this  class  of  gentry,  I  cannot 

•»"'  'liMibt  i<i  well  founded. 

' '1  why,  when  Chinese  industrial  schemes 

have  »>ccn  started   uiicirt   apparently  favourable  auspices, 

they  fail  after  a  lime.     I  think  one  of  the  rcaiions  is  due  to 

•  J-mnnil  I  r  H.,  Kii'..  V..I.  54,  p.  n 


the  extraordinary  system  of  Chinese  finance  :  for  while  the 
Chinese  are  the  finest  shopkeepers  in  the  world,  thcv  are.ilso 
the  worst  business  managers.  I  am  under  the  impression, 
for  instance,  that  before  cipital  can  be  raised  in  China 
proper  for  an  industrial  or  utility  scheme,  the  promoters 
must  guarantee  a  fixed  dividend  varying  from  8  to  12  per 
cent  per  annum  :  and  so  insistent  are  the  shareholders  on 
receiving  theirdividcuds,  that  unless  the  concern  earns  a 
good  in.irgin  over  the  dividend  payment  it  will  eventually 
become  bankrupt,  or,  if  it  escapes  that  fate,  it  has  rarely  a 
sinking  or  reserve  fund  for  extension  of  plant  or  for  emer- 
gencies. We  are  therefore  f.iced  by  the  fact  that  practi- 
cally all  the  industrial  concerns  in  China  that  have  proved 
successful  hitherto  are  man.igcd  bv  foreigners  acting  as 
sentinels  for  foreign  money  investid.  Tins  custom  of  the 
Chinese  of  expecting  a  guaranteed  dividend  before  capital 
can  be  raised  is  a  heavy  handicap  against  small  lighting 
stations,  as  a  company  in  which  I  am  interested  would  not 
exist  to-day  had  it  tried  to  follow  this  custom  ;  in  fact  it 
was  six  years  before  the  company  was  able  to  make  any 
provision  for  depreciation,  much  less  pay  a  dividend,  but 
the  following  vear  it  w.is  able  for  the  first  time  to  pay  its 
directors  their  fees,  and  a  dividend  of  5  per  cent  as  well  as 
to  make  provision  for  depreciation.  Since  then  the  com- 
pany has  made  steady  progress,  but  h.id  it  attempted  to 
pay  dividends  from  the  st:irt  it  would  have  been  bankrupt 
in  a  very  few  years.  In  fact  the  progress  of  the  company 
after  its  first  struggle  for  existence  may  well  be  used  as  an 
example  of  Kuropean  finance  as  compared  with  Chinese. 

Recently  we  met  in  lloug-Kong  to  discuss  the  important 
question  of  the  "  Standardization  of  Klectricitv  Supply  in 
China."  The  discussion  brought  out  snuie  inlerosling 
views  and  opinions,  and  while  most  of  us  here  realise 
how  important  this  question  is  for  postcritv,  I  doubt 
whether  there  are  many  of  us  who  have  realized  the 
difficulties  before  us.  The  question  of  the  standardiza- 
tion of  any  commodity  or  monetary  unit  will  .dways 
present  difficulties  in  China  that  exist  in  no  other  country 
in  the  world,  as  on  the  one  hand  we  have  the  great  size  of 
the  countrv  compared  with  its  mileage  of  communications, 
and  the  different  values  of  a  given  ailicle  in  various  parts 
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of  the  country,  and  on  the  other  hand  the  extraordinary 
conservative  nature  of  its  people,  its  interclan  differences, 
and  its  interprovincial  jealousies,  these  I  submit  must 
always  tend  to  prevent  standardization,  the  most  impor- 
tant factor  of  which  is  combination  and  agreement.  Thus 
we  sometimes  feel  that  China  with  its  7,000  dialects,  each 
dialect  representing  a  different  interest  or  disruptive  factor, 
will  never  standardize  even  the  dollar  ;  but  we  as  engineers 
can  make  a  resolve  that  whatever  plant  we  are  asked  to 
specify  or  supply  shall  conform  to  the  standard  our  parent 
institution  has  set  up.  With  regard  to  electrical  plant  and 
apprvratus,  however,  we  find  all  countries  of  the  world 
competing  for  Chinese  custom  and  trade,  and  I  submit 
that  any  plant  from  these  countries  will  be  manufactured 
according  to  the  nationality  of  the  vendors.  It  is  quite 
impossible  to  think  that  we  shall  ever  work  with  the 
Germans  in  China  for  the  standardization  of  anything 
except  the  sanctity  of  international  law. 

I  am  informed  by  those  who  have  been  upon  the  upper 
reaches  of  the  Yangtse  River  that  they  have  been  thrilled 
to  think  of  the  power  going  to  waste  in  this  mighty  stream, 
and  we  are  inclined  to  ask  whether  as  far  as  a  comprehen- 
sive scheme  of  power  supply  and  distribution  it  will  ever 
be  utilized.  We  know  that  a  great  many  installations  and 
lighting  sta'tions  are  being  installed  in  China,  and  the  same 
mistakes  being  made  that  were  made  in  England,  isolated 
plants  with  a  high  maintenance  and  first-cost  factor  being 
installed  where  many  could  be  embraced  b\'  power  schemes 
on  a  moderate  scale.  With  regard  to  those  plants  already 
installed  and  native  owned,  we  can  never  hope  to  bring 
them  into  line  in  the  way  of  adopting  a  common  standard, 
as,  even  should  they  wish  to  do  so,  I  have  already  shown 
that  few  companies  have  anj'  reserve  fund  at  all  to  make 
the  necessary  alterations,  and  after  all  it  is  very  difficult  to 
convince  the  Chinese  as  to  the  advisability  from  an  eco- 
nomical point  of  view  of  changing  their  voltage  and 
periodicity. 

There  is  one  thing  that  we  are  all  beginning  to  realize, 
and  that  is,  as  pointed  out  by  Professor  Smith  in  his  paper 
some  time  ago  on  the  electricity  stations  of  China,'-  the 
great  love  of  plenty  of  light,  and  preferably  electric  light, 
that  the  Chinese  have.  We  find  that  China  late  in  her 
life  has  suddenly  awakened  and  demanded  the  luxury  of 
modern  artificial  lighting,  and  seems  to  have  plumped  for 
electric  light  rather  than  gas  light,  so  that  electrical  engi- 
neers entering  China  for  ground  to  conquer  find  that  they 
have  at  least  no  gas  companies  to  compete  with.  This,  of 
course,  is  not  true  of  Hong-Kong.  I  am  informed  bj-  my 
colleague  in  Canton  that  the  demand  for  light  since  the 
revolution  has  been  phenomenal,  and  in  view  of  the 
scarcity  of  skilled  labour  in  his  district,  and  the  natural 
reluctance  of  his  Chinese  directors  to  order  reserve  plant 
in  advance,  he  is  quite  unable  to  cope  with  the  demand. 

Being  a  station  engineer,  I  naturally  take  a  keen  interest 
in  supply  prospects  and  problems  in  the  Far  East,  and  one 
has  a  certain  amount  of  pride  in  pointing  to  the  Shanghai 
electrical  undertaking.  According  to  the  yearly  report  for 
1915  of  Mr.  Aldridge,  the  chief  engineer,  we  find  that  the 
load  factor  at  Shanghai  was  408  per  cent,  while  of  the  five 
largest  British  municipal  electricitv  supply  undertakings, 
in  1914  Manchester,  the  largest,  had  the  best  load  factor, 
which  was  only  2698  per  cent.  Here  we  have  a  concrete 
*  yoiinial  I.E.E.,  1916,  vol.  54,  p.  162. 


instance  of  an  electric  light  and  power  scheme  of  some 
magnitude  which  has  been  built  up  in  China  under  a 
foreign  regime  and  which  during  the  past  few  years  has 
advanced  by  leaps  and  bounds.  Shanghai  has  now  over 
18,000  house  connections,  approximately  14,500  horse- 
power of  motors  connected  to  the  mains,  and  2,400  k\v. 
of  heating  and  cooking  apparatus,  which  1  ist  makes  us 
envious  in  South  China.  Still,  though  our  winter  is  short, 
there  is  a  small  and  increasing  demand  for  heating  and 
drying  purposes,  and  we  hope  later  on  in  Hong-Kong, 
when  we  get  the  plant  to  supply  it,  to  develop  a  large 
cooking  load.  It  is  the  large  demand  for  power  which 
gives  Shanghai  its  magnificent  load  factor,  and  as  its 
climate  and  local  conditions  are  more  suitable  for  mills 
and  factories,  in  South  China  we  can  hardly  hope  ever  to 
rival  them,  but  we  may  follow  humbly  in  their  footsteps, 
and  we  in  Hong-Kong  have  already  to  thank  them  for 
great  assistance  in  doing  so. 

In  Hong-Kong  last  year  the  load  factor  was  29-06  per 
cent.  In  Canton  we  find  a  station  and  distribution  scheme 
that  is  Chinese  owned  having  a  plant  capacity  of  2,600  kw. 
with  an  additional  1,400  kw.  on  order,  and  possessing  a 
load  factor  of  26  per  cent.  The  problem  of  distribution  in 
Canton  is  a  very  interesting  one,  as  indeed  it  is  in  any 
large  Chinese  city,  as  the  streets  are  narrow,  tortuous,  and 
over-roofed,  and  are  really  drains  full  of  black  sludge 
covered  over  with  granite  slabs,  making  distribution  by 
underground  cables  impossible,  so  necessarily  the  over- 
head system  with  pole  transformers  is  adopted.  Four- 
fifths  of  the  city  being  below  river-level,  underground 
substations  present  great  diflicuUies,  as  on  the  spring-tides 
the  low-lying  portions  of  the  city  are  flooded.  The  present 
demand  for  power  is,  I  am  told,  small,  as  the  cost  of 
manual  labour  is  low,  and  Canton  at  the  present  time 
resembles  somewhat  the  condition  of  our  large  manufac- 
turing centres  at  home  a  hundred  years  ago,  inasmuch  as 
the  majority  of  Canton  manufactures  are  produced  by 
individual  artisans  rather  than  by  the  centrahzed  factory  ; 
indeed  this  is  the  present  state  of  affairs  in  the  average 
city  and  town  in  China,  and  out  of  which  the  Japanese 
with  their  city  Osaka  have  just  emerged.  In  Canton  I 
note  that  the  British  engineers  in  charge  of  the  electric 
power  plant  have  for  some  time  advised  their  directors  to 
build  a  new  turbine  station  on  modern  lines  and  on  a 
comprehensive  scale. 

The  Hong-Kong  Electric  Company's  new  generating 
station  at  North  Point  will  contain  two  i,soo-kw.  turbo- 
alternators,  generating  current  at  6,600  volts,  three-phase 
50  periods  ;  following  Shanghai  again,  it  has  adopted  the 
British  standard  of  50  periods,  but  it  is  unfortunate  that 
the  supply  at  Kowloon  and  Canton  .should  be  at  60  periods. 
The  periodicity  at  present  in  Hong-Kong  is  75  periods, 
but  I  think  the  decision  to  change  it  was  a  wise  one,  as  the 
company  and  its  consumers  both  gain  by  the  change. 
Four  of  the  existing  Diesel  engine-driven  alternators  at 
Wanchai  will  be  rewound  for  three-phase  50  periods  and 
run  in  parallel  with  the  turbo-alternators  as  required. 

Two  three-core  6,6oo-volt  feeders  will  connect  North 
Point  with  Wanchai,  and  a  new  static  v  substation  in 
Sutherland-street  will  be  supplied  by  one  feeder  from 
North  Point  and  one  from  Wanchai. 

With  regard  to  the  telegraphs  in  China,  you  are  aware 
that  these  are  controlled  by  the  Government,  and   here 
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°  !'iat  although  the  Chinese  are  quick  to  grasp 
>    of   an  efficient    ti-lcgraphic    system,   they 
It  even  to  a  moderate 
-  of  modern  telejjraphy 
•vincc.  It  i»  easy  for  us  to  sec  that 
-       :n  IS  at  thai  stage  in  its  existence 
1   It  is  loolccd  upjn  mare  or  less  as  a  toy,  and  the 
■i"-^  of  mninlaining  the  lines  are  somewhat  rcHected 
•  ch  irged  for  transmission.     We  all  hope  to  sec 
branch  of  public — I   might  say  national — 
cr  with  the  mines  and  railways,  one  day 
.id  in  China,  that  head  being  managed 
. :d  of  foreign  and  Cliincse  engineers. 
W  -ubjcct  of  telegraphs  I   might  say  that  we 

T'     1  ^o  diys  of  commercial  electricity  supply  to 

■-ithc  hner  technical  field  of  telegraphy;  certainly 
:  .k'o   branches   possess  almost  equal  importance,  for 
:gh  we  could  do  without  electric  light  for  a  time,  the 
~uu  of  afl'airs   without  overseas  telegraphy  can  hardly  be 
iinaiimed.     Let   us  remember  tiiat  our  parent  institution 
rly  a  society  of  telcgrapli  engineers,  formed  to 
1  e  general  advancement  of  electrical  and  tele- 

cnce  and  its  application,  and  the  Chinese  field 
1  ,.   iph  engineers   is  almast    limitless.     .\s   we    all 

realize,  the  Chinese  evince  a  great  desire  to  keep  the  con- 
trol of  industrial  schemes  in  their  own  hands,  and  when 
the  present  unrest  in  China  is  over  and  the  country  settles 
down  to  an  era  of  progress,  she  will  certainly  endeavour  to 
use  her  foreign-trained  children,  and  the  British  Govern- 
ment must  be  brought  to  sec  that  Chinese  who  have 
orders  to  place  liave  a  distinct  leaning  towards  the  country 
in  which  they  have  been  trained.  1  think  we  all  agree 
that  it  is  better  to  train  a  Chinaman  in  his  own  country 
than  to  send  him  abroad.  The  Hong-Kong  University 
6lls  a  long-felt  want  in  South  China,  and  the  great  need 
for  British-endowed  universities  and  schools  in  the  Far 
Kast  has  yet  to  be  fully  realized  at  home.  .\s  we  hope 
that  our  Colonics  will  be  close  J  after  the  War  to  German 
I.  I   that  Germany  will  exploit  China  to 

iL-  of  us  arc  beginning  to  realize  that 


our  public  schools  at  home  would  be  rendering  the  com- 
mercial world  inestimable  service  in  teaching  Chinese  and 
Russian  instead  of  the  de.id  languages. 

The  War  has  taught  us  many  lessons  that  we  are  grate- 
ful to  learn  in  the  Far  Fast.  Our  pre- War  supplies  came 
with  unfailing  regularity,  until  we  became  more  or  less 
case-hardened  with  self-sufficiency.  Now  after  27  months 
of  war  we  have  realized  our  great  dependence  upon  the 
world  for  engineering  supplies,  chemicals,  and  glassware, 
and  the  enormous  daily  value  of  the  supreme  command  of 
the  sea.  We  have  learned  locality,  1  think,  concerning 
production  of  commodities,  and  that  our  Government  have 
let  the  manufacture  of  some  vital  necessities  slip  from  our 
hands,  and  have  let  aliens  develop  our  precious  resources. 
Some  of  us  hope  for  a  business  Government  after  the 
War,  with  a  concern  for  the  things  that  matter,  some  hope 
for  inter-colonial  preference,  and  some  go  as  far  as  to  hope 
for  the  adoption  of  a  decimal  system.  1  believe  that  when  • 
China  does  advance  and  build  schools,  she  will  teach 
English  law.  language,  and  colonial  policy,  and  will  also 
adopt  the  decimal  svstem,  and  that  her  preference  for 
decimal  manufactures  will  automatically  shut  us  out  from 
her  markets  to  some  extent,  but  I,  for  one,  think  Britain 
will  adopt  the  decimal  system. 

With  regard  to  supplies  of  electrical  accessories,  one 
looks  with  admiration  at  the  way  the  ].-ipanesc  have  stepped 
in  and  tried  to  remedy  the  shortage  of  Western  s»pplics  : 
she  is  shipping  huge  quantities  to  China  at  present,  and 
these  may  be  seen  on  every  hand.  Some  electrical 
installation  materials  can  still  be  obtained  from  japan  at 
cheaper  prices  than  from  Europe  before  the  War,  and  no 
doubt  she  will  become  a  formidable  competitor  of  Germany 
and  Austria  in  the  Chinese  market  in  the  future.  Let  us 
all  hope  then  that  the  Old  Country  will  rise  to  the  im- 
portance of  the  Eastern  markets,  and  help  to  exploit  China 
systematically,  for  the  possibilities  arc  enormous,  seeing 
how  small  is  the  total  mileage  of  telephone  lines  to  bridge 
her  vast  distances,  how  small  the  output  of  elcctncily  to 
lighten  her  gloom,  and  how  few  the  locomotives  to  bear 
the  burdens  she  is  willing  to  produce. 
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(Paper  _fiist  rachcd  ii  Aui^nst,  1916,  and  in  final  form  4  January,  1917  ;  read  before  The  Ixstitltiox  22  March,  and 

before  lite  Birmingham  Local  Section'  28  March,  1917.) 


Synopsis. 

Introductory  :    Nature    of     switching    problem    in    telephone 

exchanges ;  h'mitations  of  manual  switching. 
Nature     of     mechanical     switching    problems  ;      single-row 
switches  ;   co-ordinate  switches  ;  ratchet-motor   switches ; 
power-driven  switches. 
Size  and  multipling  ol  terminal  fields  ;  ratio  of  movable  and 

ti.xed  terminals ;  conditions  for  minimum  cost. 
Trunking     through    switches  ;     seeking    switches  ;     choosing 
switches ;    simple    line-switches  ;    trunk    seeking  ;    group 
choosing  ;  number  of  paths  for  simultaneous  connections  ; 
calculatioii  of  paths  by  theory  of  chance  ;  correspondence 
between  calculated  and  observed  results  ;  practical  impor- 
tance   of    calculating    the  traffic-carrying    capacity   of    a 
machine-switching    equipment  ;    lost    or    delayed    calls  ; 
standard     "rating"    of    capacity;    comparing    switching 
equipments  of  difl'erent  types  ;  results  of   computing  by 
different  methods. 
Controlling    switches  ;     full-automatic     and     semi-automatic 
operating  ;      substation     number-senders  ;      key     number- 
senders  ;  number-registers. 
Call  distribution  to  operators  ;  time  of  answering  ;  number  in 

team  ;  operator's  load. 
Description  of  a  machine-switching  equipment ;  terminal  fields  ; 
finders  ;    selectors  ;   sequence  switches  ;    bays  ;    assemblv 
in  fr.ames  ;   equipment   of  switches  :    motors   and   power 
plant ;  operator's  equipment  ;  keyboards  ;  registers  ;  trans- 
lation  of    numbers  ;    call    distribution — timed   distribution 
and  "  helping-out  "  ;  toll  switching. 
Traffic  between  manual  and  machine  switches  ;  incoming  junc- 
tion calls  ;  outgoing  junction  calls  ;  called-numher  indicator. 
Telephone  service  in  machine-switching  systems  ;   accuracy  ; 
speed   of   answering ;    speed   of   connecting  ;    comparison 
with  manual  service  ;  duration  of  connection  ;   operator's 
load  ;  handling  time  ;   resting  time  ;  comparison  of  loads 
observed  and  computed  for  manual  and  machine-switching 
systems. 
Maintenance   of  machine  switches  ;   man-hours  per  line  per 
year  ;  minimum  labour  ;  relation  to  percentage  of  errors  ; 
classified  record  of  observed  faults. 
Depreciation  of  machine-switching  apparatus  ;  wear,  breakage, 

deterioration  ;  displacement. 
Conclusion. 

The  desirability  of  attempting  to  perform  telephone 
switching  by  mechanical  means  has  been  a  moot  question 
ainongst  constructors  and  operators  of  telephone  exchanges 
throughout  nearly  the  entire  period  of  development  of 
exchanges  ;  in  general  the  decision  has  been  adverse  by 
reason  of  the  m.echanical  imperfection,  high  cost,  and 
want  of  adaptability  to  rapidly  changing  telephonic  con- 
ditions which  have  characterized  the  available  switching 
machines.  The  art  now  has  reached  such  a  condition  that 
efforts  are  rare  to  maintain  either  that  switching  machines 
cannot  successfully  perform  telephonic  switching  in  all  its 
requirements,  or  that  their  cost  is  prohibitively  high.     I 


I    propose,   therefore,  to   take  advantage   of   the   indefinite 
scope  for  this  paper  suggested  by  the  title  to  sketch  the 
I    reasons  in  favour  of  employing  switching  machinerv,  to 
I   outline  the  nature  of   the  switching  machinery  which  is 
available,  and  to  give  some  resume  of  the  improvements 
and  economies   in   telephone   service  which  mav  be  ex- 
pected to  result  from  the  employment  of  such  equipments. 
As  an  introduction  to  the  problems  of  machine  switch- 
ing, we  may  review  the  operations  now  necessary  in  a 
j    telephone  exchange  and  the  methods  of  performing  them 
I    manually.    They  are,  to  place  a  conducting  link  between 
a  terminal  of  a  caUing  party's  line  and  the  terminal  of  any 
party  wanted  within   the   telephonic  area,  to   signal   the 
wanted    party,   and   to   return    the  apparatus    to    normal 
condition  after  conversation. 

Within  40  years  the  extension  of  the  circuits  to  be 
interconnected  has  increased  from  a  maximum  of  a  few- 
hundred  feet  to  a  maximum  of  5,000  miles  ;  the  number  of 
telephones  to  be  interconnected  has  increased  from  a 
dozen  or  so  to  10  millions ;  the  time  required  for  the 
switching  operations  in  local  service  has  diminished  from 
an  hour  or  more  to  a  maximum  measurable  in  seconds. 
The  training  of  the  operator  and  the  development  of 
apparatus  and  methods  suited  to  her  have  permitted  these 
I  changes  ;  but  the  physical  and  mental  characteristics  of 
the  operator  have  dominated  the  nature  and  cost  of  the 
apparatus  and  the  arrangement  of  the  plant. 

The  operator  has  been  needed  primarilv  to  perform  the 
physical  work  of  connecting  one  terminal  with,  and  dis- 
connecting it  from,  the  other.  In  addition,  she  has  been 
loaded  with  the  supervision  and  inspection  of  the  con- 
nections, with  various  discriminatory  functions  in  respect 
of  classes  of  service,  choice  of  routes  and  rates,  and  with 
various  sorts  of  clerical  work.  In  the  present  considera- 
tion, we  are  concerned  mainly  with  the  physical  work  of 
switching.  The  need  for  supervision  is  largely  the  result 
of  imperfect  operation — the  telephone  user  ordinarily 
wants  nothing  but  an  uninterrupted  conversation  with  his 
correspondent.  The  discrimination  in  respect  to  classes 
of  service,  routes,  and  rates  can  be  performed  mechani- 
cally, but  does  not  fall  within  the  function  of  the  switching 
apparatus.  The  clerical  work  ordinarily  is  assigned  in 
machine-switching  systems  to  be  cared  for  by  special 
clerical  labour. 

In  performing  switching  the  operator  observes  the 
signal  of  the  calling  party,  connects  her  telephone,  with 
the  calling  line,  tests  the  wanted  line,  connects  the  calling 
line  with  the  wanted  line,  rings  the  bell  at  the  wanted 
station,  observes  the  call  for  disconnection,  and  removes 
the  connecting  means. 

Merely  to  observe  a  call  signal  and  prepare  to  act  upon 
it  she  requires  an  appreciable  time — one  or  two  seconds ; 
to  take  a  plug  and  insert  it  into  a  near-by  jack  consumes 
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!•  lorfci'uc  :iii  avcr.ijjc    niiinhir  at  an  average 

''  . iking  consumes  ;  or  more  seconds;  to  repeat 

I'  i>f   accuracy,  i  seconds  :  to  carry  a  plug 

1  !f  to  a  jack  in  the  multiple  field  requires 

■  '_  to  withdraw  two  plugs,  2  or  more 

>'  :'n    to    these   tunes   of   activity,    it    is 

nccosarv  to  allow  her  a  resting  time  amounting  to  30  or 
40  per  cent  of  an  hour.  The  operator  has  also  a  limited 
reach.  While  sitting,  she  can  reach  over  a  semicircle  of 
about  ^o  in.  radius  above  knee  height  :  if  she  is  com- 
pelled to  .irisc  to  make  a  connection,  the  time  consumed, 
'"  and  consequent  reduction  of  lo.id  .are  largelv 

1: 

111  c.i«...  of  these  acts  she  exhibits  inherent  and  con- 
trolling limitations,  to  which  the  character  of  service  and 
of  telephonic  switching  plant  have  been  adjusted.  In 
each  of  them  she  is  at  a  distinct  disadvantage  as  comp.ired 
with  a  switching  machine. 

The  construction  and  capabilities  of  the  apparatus  which 
she  manipulates  are  dominated  likewise  by  her  physical 
characteristics.  The  dimensions  and  the  material  of  the 
jacks,  plugs  and  cords,  keys  and  keyboard,  are  determined 
1  .icter  of  her  grasp,  and  of  the  forces  she  exerts 

'  'U  and  pulling  out  the  plug>  and  working  keys  ; 

tile  number  of  jacks  and  of  junction  terminals  which  can 
be  assembled  in  a  given  area  is  fixed  by  the  dimensions  of 
plugs  and  keys  ;  and  a  certain  orderly  numbered  arrange- 
ment, which  permits  easy  observation  and  a  minimum  of 
mental  effort,  must  Ik*  preserved. 

These  facts  are  perhaps  so  well  known  to  many  that 
their  recital  is  trite,  but  they  are  presented  to  call  attention 
to  their  tiTect  upon  the  nature  of  the  telephone  plant. 
They  limit  the  multiple  switchlxiard  to  about  10,000  lines 
capacilv,  IhuN  fixing  the  largest  switching  unit  which  can 
Ik-  operated  by  a  single  operator.  The  time  required  for 
noting  sign.ils,  speaking,  and  making  movements,  is  so 
l.irge  that  a  second  operator  is  interposed  in  a  scries  of 
connecting  operations  only  of  actual  ncccssitv,  while  a 
'       '  '  1  ie<i  to  only  for  a  limited  amount 

'  er.ige  time  of  switching  through 

may  l^  <S  seconds  :  in  switching  through 
'•  It   is  increased  to   15  or  even  20  seconds. 

1  mge  areas  therefore  li.avc  been  orga- 

'  -         1.     ;:ices  of  about  10,000  lines  each,  with  a 

maximum  switching  unit  of  about  10,000  lines,  with  junc- 
tion switching  between  ofliccs  which,  rcg.-irilless  of  the 
economics  of  plant  construction,  is  never  permitted  to 
I  'an  two  operators. 

'  operators,  together  with  those  of  reserve 
I  ind   trainers  paid   for  the  times  thus 

•  ug  and  test,  form  .1  large  anti  incrcas- 

•    tcatiire  of    telephonic  economics.     Take, 
I  iparivin  of  costs,  the  work  of  the  switching 

"«■  111  iclion  operator,  which  is  practically  con- 

lined  .  .,.  ,,,,^  upon  instructions  given  as  brieflv  and 
lapidlv  At  possible  to  plug  up  and  ninove  connections. 
*"      '  ions  per 

I'onnec- 
Il',l»=.      (J.  ,        ,         ,      .  ':'iirc 

WO'lM    c.-i'  ;    ...    .1      A,;.  ;iing 

•  T  .in  iiiclelinile  period  ; 
'■  '  „       ...me  would  cost  alioul  as 

much  per  i^ooo.ooo  connvctiont  or  more,  at  manual  <iMitch- 


ing  per  100,000  connections.  In  a  closer  analysis,  the 
comparison  is  less  simple  :  the  switching  machine  is  ex- 
pected to  retire  the  cost  of  the  displaced  manual  apparatus, 
to  pay  interest  and  upkeep  on  itself,  and  to  retire  its  initial 
expense  during  its  life.  Thus  there  are  brought  into  the 
comparison  a  number  of  variable  factors  that,  in  compara- 
tive estimates,  are  still  based  largely  upon  assumptions, 
which  can  be  .adjusted  by  partisans  to  demonstrate  the 
case  for  either  manual  or  for  machine  switching. 

The  underlying  problem  of  switching  lines  together  in 
desired  combinations,  substantially  the  same  whether  by 
manu.-il  or  by  mechanical  means,  is  to  move  the  tcrmin.al 
of  one  line  calling  by  chance  to  the  terminal  of  another 
particular  chosen  line  amongst  a  large  number  and  to  hold 
the  two  in  electrical  contact  for  a  short  period.  There  is 
a  limit  to  the  time  which  the  switching  operation  may 
consume  and  to  the  cost  of  the  machine  for  effecting  it. 
The  human  motor  of  the  manual  switching  system  has  a 
mechanical  ad\-antagc  over  the  m.achine  of  a  controlling 
nature — tht  operator  can  use  vision  and  can  plan  to  deter- 
mine the  course  which  her  hands  shall  follow  in  applying 
the  movable  to  the  fixed  terminal,  and  in  removing  it  at  the 
end  of  connection — and  thereby  is  enabled  to  move  the 
terminal  in  three  co-ordinate  directions  as  no  machine  so 
far  designed  is  capable  of  doing.  In  all  switching  machines 
the  movable  terminal  is  provided  with  a  free  and  clear  path 
to  and  from  all  fixed  terminals,  and  moves  in  one  direction 
or  in  two  co-ordinate  directions  in  a  pl.inc.  The  human 
motor,  therefore,  has  been  used  to  operate  a  number  of 
movable  terminals  (plugs)  over  the  same  field  of  fixed  ter- 
minals (jacks)  for  making  a  considerable  number  of  simul- 
taneous connections  ;  while  the  mechanical  motor  is 
confined  to  moving  a  single  movable  terminal  (brush) 
over  its  allotted  field  of  fixed  terminals,  which  must  be 
multipled  together  before  movable  terminals  in  sufficient 
number  to  provide  for  connections  occurring  simul 
laneously. 

Tlie  three  limitations  suggested — time  of  switching,  cost, 
and  number  of  machines — have  determined  the  nature  of 
meclianic.il  line  swi'ches,  and  each  has  given  rise  to  a 
scries  of  inventions  and  developments.  Of  these  the  time 
limit  within  which  the  switching  operation  must  be  com- 
'  pleted  has  imposed  the  most  rigid  restrictions  and  has 
resulted  in  the  most  various  and  striking  ch.iractcristics  of 
switching  mechanism. 

The  obvious  method  of  .irranging  the  terminals  iu  a 
single  row,  whether  straight,  curved,  or  circul.ir,  is  imme- 
diately open  to  the  objection  that  the  speed  at  which  the 
movable  terminal  can  be  driven  is  limited  by  the  neces- 
sitv  of  stopping  accurately  upon  the  required  terminal  and 
without  a  destructive  blow.  The  mass  of  the  moving 
tncmbcr  cannot  be  brought  below  certain  limits  wlliout 
sacrificing  durability  and  rigidity  ;  the  speed  of  motion 
and  the  accuracv  of  stopping  at  the  point  required  is 
determined  by  the  quickness  of  action  of  magnets  of 
which  the  power  diminishes  as  the  <|uickness  is  increased. 
Ilccausc  of  I'  lal  conditions,  it  has  not  been  found 

feasible  for  ^  il  service  to  propel  the  movable  ter- 

minal over  iiiun.  Iliaii  about  50  or  f>o  terminals  per  second 
— A   number  which   is  not  satisfactorily  l.uge.     A  number 
I    of  inventors  have  xilved  the  problem  of  driving  a  movable 
;    mcml>cr  over  a  suflicicntly  long  row  of  lixed  teiininals  by 
[    mcanti  of  two  motors  of   different  speeds,   the   member 
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being  driven  at  high  speed  nearly  to  the  desired  point, 
say  to  the  preceding  decimal,  by  the  first  motor,  after 
which  it  is  connected  with  the  low-speed  motor  which 
moves  it  at  a  rate  suitable  for  accurate  stopping  to  the 
particular  terminal.  By  this  means,  a  straight  row  of 
terminals  up  to  500  can  be  covered  within  the  available 
period. 

A  type  of  quick-acting  switch  better  represented  in  the 
art  is  that  having  terminals  in  several  rows  in  a  compact 
rectangular  field,  the  wanted  terminal  being  reached  in  the 
field  liy  choosing  first  the  desired  row  and  then  the  desired 
point  in  the  row — commonlv  known  as  the  "  co-ordinate  " 
switch.  In  one  form,  the  switch  is  furnished  with  a  single 
movable  terminal  which  is  propelled  over  the  field  along 
co-ordinate  axes,  thus  arriving  at  the  most  remote  terminal 
by  passing  crosswise  over  all  the  rows  and  along  one  of 
the  rows.  Of  tliis  type  are  the  Strowger  switch  and  the 
Clement  switch,  both  in  extensive  and  successful  use.  In 
another  form  (the  "  multiple  brush  "  switch)  the  movable 
member  carries  a  number  of  terminals  equal  to  the  number 
of  rows,  of  which  one  moving  terminal  is  chosen  and  put 
into  condition  for  making  contact  in  the  desired  row, 
while  the  entire  group  of  movable  members  is  propelled 
over  fhe  rows  to  the  desired  point  in  the  row.  This  form 
of  switch  is  able  to  connect  with  the  desired  point  in  the 
field  with  a  minimum  of  motion,  and  thus  with  the  same 
speed  permits  a  relativeh'  massive  construction.  The  form 
is  represented  in  commercial  equipment's  by  two  different 
switching  machines,  in  one  of  which  (the  Western  Electric 
system)  the  desired  brush  or  movable  terminal  is 'chosen 
b)'  moving  the  brush  member  bodily  into  position  for 
contact,  whereas  in  the  other  (the  Lorimer  system)  all 
brushes  are  in  contact  and  one  is  electrically  chosen  by  an 
auxiliar}'  switch. 

All  the  co-ordinate  switches  require  two  motor  elements. 
iloving  at  the  same  rate  of  speed  as  a  single-row  switch, 
they  can  cover  much  larger  fields  of  terminals — it  is 
practicable  to  reach  the  most  remote  of  200  terminal 
points  in  one  second. 

The  single  row  of  terminals  has  been  arranged  in  a 
straight  lino,  in  an  arc,  and  in  a  complete  circle.  The 
straight  line  is  best  suited  to  large  switches,  for  the  reason 
that  many  rows  can  be  placed  side  by  side  in  a  compact 
arrangement ;  the  single  curved  row  is  suitable  only  for 
small  switches  ;  the  complete  circular  row  is  far  too  bulky 
for  switches  of  considerable  capacity  and  presents  serious 
difliculties  in  attaching  wires.  "The  rectangular  fields  take 
the  form  of  plane  surfaces,  arcs  of  cylinders,  complete 
cylinders,  and  segments  of  spheres. 

It  will  be  apparent  that  the  motor  elements  required  for 
producing  the  motion  of  movable  terminals  so  diverse 
in  extent,  rate,  and  direction  must  be  correspondingly 
various  ;  but  development  has  favoured  two  general  types, 
of  which  one  is  the  ratchet  or  "  step-by-step  "  motor,  and 
the  other  the  power-driven  motor,  each  with  a  different 
characteristic  method  of  control. 

Possibly  the  ratchet  motor  has  the  advantage  of  the 
longer  history ;  the  earliest  automatic  switching  mecha- 
nisms were  of  the  same  nature  as  the  early  Wheatsone 
telegraphs,  electric  clocks  and  like  mechanism.  Switches 
which  contained  only  a  small  number  of  terminals  were 
mtended  for  location  in  lieu  of  operators,  in  remote  places 
lacking   sources   of   adequate   electric   power.     For   such 


circumstances  it  is  extremely  well  suited.  'With  the 
demand  for  massive  construction,  high  speeds,  and  large 
switch  capacity,  the  limitations  of  ratchet  motors  have 
been  found  serious,  and  recourse  has  been  had  to  con- 
stantly driven  motors  to  which  the  moving-switch  member 
is  clutched  as  required.  The  ratchet  motor  has  the 
advantage  of  being  quiet,  except  at  the  moments  of  pro- 
pelling the  switch  member,  which  may  amount  to  no  more 
than  one  or  two  minutes  per  day.  Aside  from  the  presence 
of  a  constantly  moving  part,  simplicity  of  construction 
and  easy  maintenance  would  seem  to  be  in  favour  of  the 
power-driven  clutch.  For  such  work  as  is  required  of  a 
telephone  switch,  it  is  a  surprising  fact  that  the  annual 
cost  of  a  piece  of  shafting  maintained  in  constant  motion 
is  very  little  more  than  that  of  the  same  piece  of  metal 
still,  and  much  less  than  the  cost  of  maintaining  a  more 
complex  form  of  motor  device. 

Size  of  Machines  .wd  Numrer  of  Multiples. 

Reference  has  been  made  to  the  fact  that  in  the  case  of 
the  machine,  unlike  the  case  of  the  operator  who  is  able  to 
move  terminal  plugs  in  three  co-ordinate  directions  and  by 
choice  of  route  to  avoid  entanglements,  a  machine  of  a 
fairly  simple  nature  requires  the  provision  of  a  separate 
field  of  terminals  for  each  moving  terminal.  The  accom- 
modation of  the  traffic  then  requires  a  sufficient  number  of 
multiple  fields  each  with  its  movable  terminal  and  motor 
to  make  and  maintain  the  maximum  number  of  connec- 
tions simultaneously  required  in  the  particular  numerical 
group  represented  in  the  field  of  terminals. 

The  maximum  requirement  deviates  considerably  from 
the  average  of  the  traffic  requirements,  and  the  deviation 
increases  very  greatly  as  the  group  of  lines  diminishes. 
This  fact  under  present  conditions  of  manufacture  has  an 
important  influence  upon  the  number  of  terminals  which 
may  be  brought  together  in  a  single  multiple  field,  and  on 
the  consequent  dimensions  of  the  individual  machine 
switch.  Conceivably,  switches  may  be  built  either  with  a 
very  small  number  of  terminals  or  with  a  verv  large 
number,  still  within  the  limits  of  mechanical  possibility 
and  of  the  permitted  time  for  the  motion  of  establishing 
the  connection.  At  one  extreme,  the  large  switch,  the 
number  of  fixed  terminals  provided  and  the  consequent 
cost  of  the  multiple  field  increases  enormously,  although 
the  number  of  terminal  points  actually  used  remains  un- 
changed— that  is  to  say,  although  the  movable  terminal 
requires  only  one  fixed  point  for  its  connection  at  any 
time,  the  remaining  terminals  stand  by  as  idle. but  available 
plant  which  the  earnings  of  the  terminal  in  use  must  cover. 
At  the  other  extreme,  the  small  switch,  the  necessary 
provision  for  the  simultaneous  connections  in  excess  of  the 
average  number,  each  of  which  requires  a  terminal  field 
(which  may  be  smaller),  and  also  a  movable  terminal 
member  with  its  motor,  results  in  a  prohibitively  large 
number  of  machines.  The  motor  and  the  driven  member 
are  more  costly  than  a  large  number  of  terminals.  The 
machine  for  maximum  economy  in  first  cost  must  therefore 
represent  a  choice  between  a  large  number  of  terminals 
very  inefficiently  employed,  with  a  minimum  number  of 
motors  and  movable  members  very  efficiently  employed, 
on  the  one  hand,  and  on  the  other  a  small  number  of 
terminals  efficiently    employed   and   a    large   number   of 
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:  and  inovintj  nicinbcrs  incflicicnfly  employed.     Fig.  i 

<.  ^   the  computed    total    of     movable   terminals  and 

id  oi   fixed  terminals,  required  for  perlorniing 

in)i  in  a    loo.ooo-linc  exchange  furnished  with 

f  dilTcrcnt  dimensions — from  lo  points  each  to 

:s  each. 

The   subsequent   cost   of   m-aintenancc   is,  however,  of 

weight,  since  this  cost  is  alTccted  in  a  more  important  way 

by  the  multiplication  of  moving  parts  than   it  is  by  the 

multiplication  of  fixed  parts. 

The  form  and  dimensions  of  the  machine,  for  minimum 
first  cost,  depend  upoti  the  choice  of  the  material  and  the 
nif.ins  of  supporting  the  fixed  terminals,  as  well  as  upon 
of  the  motor  and  movable  meml>ers.  I'roceed- 
lie  extreme  to  the  other  of  dimensions  of  field, 
the  nature  of  thp  mechanical  problems  changes  strikingly. 
A  switch  of  few  points  may  be  made  with  a  single,  simple 
motion  from  a  pivot  centre,  the  range  of  motion  being 


in  the  choosing-switch  or  selector,  the  moving  terminal  is 
propelled  througli  a  measured  distance  which  is  controlled 
from  a  distant  point  ;  both  functions  arc  sometimes  com- 
bined in  the  same  switch.  Nevertheless,  the  finders  com- 
monly require  a  smaller  field  of  terminals  for  efficient 
operation  than  selectors,  and  each  of  the  developed 
machine  switching  systems  conUins  two  forms  of  switching 
machine  b.ised  on  this  diflfcrence  of  function. 

Trl'nkixi;  Throit.h  Switchks. 
I'p  to  this  point,  discussion  has  been  confined  to  the 
mechanical  appliances  for  moving  the  connecting  terminal 
over  a  held  of  fixed  terminals.  The  mcchanicil  limitations 
and  the  costs  are  such  that  the  switching  machine  in  itself 
is  quite  inadequate  for  interconnecting  the  lines  of  even  ;i 
small  telephone  exchange.  The  manual  switchboard  is  as 
noted  limited  to  .ibout  10,000  lines  within  reach  of  the 
operator  with  a  plug.     The  largest  machine  switch  so  far 


260,0001* 


240,000 


100     ZOO     soo    400      500     600     700      600 

Number  of  fixed   terminals  in  field 


900     IfiOO 


Via.  I. — Relation  between  numbers  of  movable  and  fixed  terminals  (or  terminal  fields  of  different  sizes. 

100,000  lines.     10  calls  per  day. 


«hort  and  qiiicldv  covered.     At  a  certain  dimension  of  field, 

some  expedient  for  moving  the 

'  pidity  lo  the  desired  terminal  — 

1  orthe  co-oidinate  arrangement  ;  and 

to   obtain   rapid  motion  and  accur.itc 

inc%  in  difficulty  with  increasing  dimensions 

•■■\,r  rM-«cnt  conditions  it  also  imposes  a 


i  : 
prim  . 


1  liic  ■witching  machine  may  be  controlled 
ler  itt  two  wavs.  for  functions  which  ;nay 

respectively, 

with  a  cilling 

the  p.irliciilar  line  dis- 

i!i  1  V.  iiilid  line  (which 

on  of  till  ■   by  the  pro- 

.-...  ti.     The  \.... ^,  (iinction«  arc 

<  nl  ;  the  moving  terminal  of  a  seeker 

■  quired   point*   and  stopped 

11  o(  the  |>oint  itself  ;  whereas 


constructed  is  limited  to  about  500  lines  within  reach  of 
the  movable  terminal.  Recourse  is  therefore  had  to  com- 
binations of  m.ichine  switches  operating  in  scries,  the 
seekers  connecting  the  calling  lines  into  diminishing 
groups  of  trunks  finally  to  the  first  series  of  choosers, 
whence  they  arc  distributed  iiiidcr  direction  of  the  calling 
subscriber  through  continually  ramifying  groups  to  the 
wanted  lines.  The  mechanism  for  distributing  the  incom- 
ing calls  to  their  destinations  in  the  field  of  called  lines  is 
exactly  like  lh.it  resorted  lo  in  the  manual  system  when 
the  single  multiple-jack  field  was  outgiown,  naniciv  I  milk- 
ing the  call  to  a  multiple  j.ick  of  a  free-testing  junction 
line  in  a  chosen  group  of  junctions,  which  ends  in  the 
moving  member  of  a  switch  at  a  distant  point  before 
atKilhcr  field  of  jacks  containing  the  wanted  line.  As 
pointed  out  at  the  beginning  of  tins  paper,  the  manual 
tninking  method  i*  practically  limited  to  two  switching 
operation*  in  sequence,  because  of  the  time  taken  by 
operator*  lo  communicate  and  lo  perform  their  functions. 
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The  switching  machine  is  free  from  this  limitation  and 
permits  the  switching  of  connections  through  successive 
junction  lines  and  machine  switches  to  an  unlimited 
extent. 

The  different  groupings  of  junction  lines  and  the  manner 
of  interposing  the  switching  machines  for  working  from 
one  group  into  another  can  be  best  presented  in  a  series 
of  simple  diagrams.     The   movable  terminal  or  brush   is 

Fir,  a! 
switches 


FiG.  2. — Selector  on  line. 

represented  by  an  arrowhead,  while  the  multiplcd  fixed 
terminals  are  indicated  in  heavy  parallel  lines  and  may  be 
taken  as  representing,  for  example,  the  panel  type  switch. 
It  is  assumed  that  the  arrow  can  be  driven  to  any  contact 
bar  and  stopped  on  it  without  touching  the  others. 

The   simplest  form  of  line-switching  apparatus  is  that 
with  a  moving  terminal  for  each  line  to  originate  calls,  and 

Findil 
switches 


Trunt^s 


Vu.. 


Seeking"  5witche5 

— Pre-selector  on  line. 


fixed  terminals  for  all  lines  accessible  to  each  of  the  moving 
terminals  for  receiving  calls  (Fig.  2).  Historically  this  was 
the  first  form.  The  machine  switches  in  this  form  are 
used  with  extreme  inefficiency  :  in  an  exchange  of  ordinarj- 
character,  each  machine  would  be  employed  on  an  average 
not  more  than  two  minutes  in  the  busiest  hour.  The  fact 
that  the  size  of  the  exchange  is  limited  to  the  size  of  the 
machine  and  that  a  switch  is  required  for  each  of  the  lines, 
has  caused  its  displacement  in  favour  of  systems  of  greater 
efficiency  and  larger  capacity. 


A  large  economj'  results  from  interposing  a  seeking 
switch  between  the  calling  line  and  the  choosing  switch, 
which  then  becomes  available  to  all  calling  lines  for  com- 
pleting their  required  connections.  The  seeking  switch 
may  be  attached  either  to  the  line  requiring  connection 
(Fig.  3),  or  to  the  trunk  line  with  which  connection  is 
required  (Fig.  4).  In  the  first  case,  the  motor  of  the 
seeking  switch  is  ordinarily  set  in  motion  by  a  line  relay  of 
the  calling  line  :  in  the  second  case,  the  motor  is  set  in 
motion  by  a  common  means  made  active  when  any  of  the 


First 
finders 


Find.1 
switches 


Fig.  4. 


Trunks 

-Pre-selector  on  trunk. 


calling  lines  requires  a  selector.  Because  of  the  large 
number  of  seeking  switches  employed  in  the  first  case,  the 
cost  must  be  kept  low,  a  condition  which  excludes  large 
terminal  fields  and  complicated  means  for  keeping  the  time 
of  search  within  narrow  limits.  The  finder  form  (Fig.  4), 
since  the  finders  are  relatively  few  in  number,  may  be 
larger  and  of  more  costlv  construction. 


Second 
f  i  n  d  e  rs 


Trunks 


Fig.  5. — Successive  seeking. 

The  connection  of  the  calling  line  with  the  required 
trunk  line  may  be  made  in  a  series  of  stages  through 
successive  seekers  (Fig.  5). 

The  call-originating  lines  may  then  be  divided  into 
groups  each  served  bj'  a  seeking  switch  with  a  relativelj- 
small  multiple  field.  Thus,  for  example,  to  connect  with 
any  one  of  100  lines  with  a  single  common  selector  would 
require  either  a  finder  of  ico  points,  or  10  finders  of 
10  points  each,  giving  access  to  10  groups  of  10  lines  each, 
together  with  a  secondary  finder  having  access  to  the 
10  primary  finders  ;  while  the  introduction  of  a  third  order 
of  finders  would  extend  the  availabihty  of  the  common 
selector  to  1,000  lines.     Since,  however,  it  is  necessary  to 
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p:  f  lines  with  a  niimlxT  of  ax'ail- 

.,■  ;  i,ld  of  the  secondary  and  other 

SA  :   ic.  ixrrmit  indiscriminate  connection  of 

c,  each   line   inu-t    be   sufficiently   larj^c  to 

contain  one  terminal  for  every  tinder. 

Since  the  advantage  of  increasing  the  group  for  a  per- 
mutated  connection  diminishes  as  the  group  increases,  a 
point  at  which  the  increase  in  dimensions  of  the  secondary 
seeker  is  not  prolilabic  is  soon  reached. 

The  function  of  the  seeking  switch  i>  to  concentrate  the 
connections  originating  in  a  large  group  of  lines  upon  a 
limited  number  of  the  more  complex  and  costly  elements 
involved  in  the  connection,  namely,  the  group-choosing 
switches  and  the  speech-transmitting  and  controlling  gear. 
The  function  of  the  choosing-switch  or  gro'ipswitches  is 
the   reverse — to  distribute  the  traffic  from  those  general 


two  first-de>cribcd  methods  of  choosing  the  group  require 
for  each  trunk  a  separate  movable  terminal  and  motor  for 
each  group  to  be  chosen  ;  while  in  tlie  l.itter  plan — making 
the  double  choice  in  a  single  machine — one.  or  at  most  two 
motors  are  required  (one  for  choosing  the  group  and  one 
for  choosing  the  idle  trunk  in  the  group),  but  lixcd  terminals 
for  all  trunks  of  all  groups  must  be  assembled  in  a  single 
machine.  The  former  plan  thus  calls  for  a  large  number 
of  moving  elements  very  inefficicntlv  used,  while  the  latter 
plan  requires  a  large  number  of  fixed  terminals  intfliciently 
used  by  a  small  number  of  movable  terminals.  In  this 
case  also,  the  choice  of  a  commercial  switching  plan  is 
determined  by  the  relative  cost  of  movable  and  fixed 
terminals.  It  is  unnecessary  to  emphasize  the  desir.ibililv 
of  thus  concentrating  the  traflic  of  the  telephone  system  in 
the  minimum  number  of  machine  switches;  the  extent  to 
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Trunks 
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Kic.  6. — Group  choosing. 


Group 
Switches 


and  relatively  costly  appliances  to  a  large  number  of  call- 
rccciving  lines— and  this  purpose  likewise  is  served  by  one 
or  more  choosing   switches  in  series,  which   choose  free 
paths  through  ramifying  groups  of  trunks.     In  this  case, 
however,  since  the  purpose  of  the  selection  is   to   reach 
a  particular  line,  the  connection  into  the  next  group  cannot 
'  ■       ■  ■  '     :   I  free  trunk  in  a  particular  group 

II  (KitJ.  6l.     The  clioicc  of  group 
■   h  which  connects 
'  '  ss  to  the   desired 

II  one  of  a  number 

jlc  with  the  chosen 

.  of  which  ha»  accent  to  a  diHereiil  group  of 

!:  .  ...    .....  >  ;    or    hy   cnnccniraling   terminals   of    all    the 

groiip«  in  a  kinglc  twitching  machine  and  pefforming  in 

■   •■       '  .iibic  choice  of  a  particular  group 

group.     \s  M>  far  developed  the 


which  it  can  be  carried  deterntines  both  the  dimensions 
and  number  of  the  switching  machines,  and  thus  the  cost 
of  the  equipment.  This  concentration  ha>  been  one  of  the 
main  causes  of  the  reduction  in  cost  of  inachinc-^witcliiiig 
equipments  to  a  point  at  which  .such  systems  can  conipcic 
with  manual-switching  systems.  The  extent  of  the  con- 
centration, or  in  olhcr  words  the  relative  number  of  paths 
through  the  switching  equipment  for  simultaneous  con- 
nccliocis,  determines  not  only  the  cost  of  the  equipment 
but  als<i  the  quality  of  service  it  is  capable  of  rendering 
to  the  users.  Such  a  number  of  paths  could  be  fiirni-.hcd 
a»  certainly  would  carrv  the  maxiinuni  trallic  in  the  busiest 
hour  ever  experienced  — but  only  ,it  high  cost.  At  the 
other  extreme,  the  switching  cquipniciit  may  be  reduced 
to  a  point  at  which,  during  busy  periods,  such  a  large 
percentage  of  connections  arc  prevented  or  delayed  by 
the  occupation  of  all  trunk*,  or  of  trunks  at  some  place 
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of  maximum  congestion,  that  service  is  seriously  impaired. 
In  planning  the  switching  equipment,  the  constructor, 
as  well  as  the  purchaser,  must  make  a  choice  between 
lirst  cost  and  quality  of  service. 

For  the  inventor,  the  engineer,  and  the  purchaser  of 
machine-switching  equipments,  the  computation  of  the 
number  of  paths  from  calling  to  called  lines,  and  the 
number  of  machines  and  trunk  links  necessary  for  pro- 
ducing the  paths,  becomes  essential. 

Supplying  telephonic  connections  in  the  community  is 
unlike  the  supplying  of  water,  gas,  or  electric  power,  in 
which  an  unexpected  increase  in  the  number  of  simul- 
taneous users  results  in  a  drop  in  potential,  which  main- 


been    essential.      The    principal   point   of   congestion  has 

been  the  called  subscriber's  line.     The  common  paths  in 

the  switchboard   are   the   plugs  and  plug  circuits,  which 

constitute  a  small  factor  in  the  total  cost  of  the  exchange, 

and  have  been  supplied  in  adequate  number    readily   by 

1    manufacturers.     Each  insufficiency  of   cords  is  known  to 

and  reported  bv  the  operator,  and  the  required  connection 

can  be   made  through  an  adjacent  operator's  equipment. 

In  the  case  of  multi-oflice  areas  the  junction  lines  .are  in 

some  cases  sufficientlj'  costly  to  call  for  consideration  of 

!    the   probable   traffic   and   choking.     Two   different   plans 

;    have    prevailed   in   providing    junctions    under    different 

conditions,  of  which  one  was  known  as  the  "  no-delay  " 


Table  i. 
Coiiipcirisoit   of  Observi:d  and  Couipiitcd  Chances. 


Observed 

Compiiled 

No,  of 
Kinds 

No.  of 
each 

Xo.  of 
Trials 

10 

Xo  of 
Drawings 

' 

N'-lture  of  Test 

Number 

Times 
exceeded 

No.  of 
Trials 

Number 

Times 
exceeded 

No.  of 
Trials. 

I  Probability 
1        (P) 

1 

Balls  from  basket 

4  colours 

40 

400 

IS 

I 

10 

15-4 

1 

10 

o-i 

Cards  from  pack 

'     8- 

12 
60 

50 
100 

600 
6,000 

s 

10 

6 

8.S 

50 
100 

5-9 
IO'2 

5 
100 

50 
100 

o-i 

O-I 

»              1) 

8 

60 

100 

6,000 

13 

8 

100 

13-2 

10 

100 

O-I 

>t              »> 

8 

60 

100 

6,000 

15 

I 

ICO 

15-3 

I 

IOC 

O'l 

Table  2. 


Calls  per  hour 

2 

796 

2 

850 

4 

215 

4. 

269 

5 

757 

5633 

7>o65 

Maximum  Calls  in 

0 

c 

0 

c 

0 

c 

0 

c 

0 

c 

0 

c 

0          c 

15  sec. 

20 

21 

22 

22 

26 

30 

30 

30 

40 

38 

37 

37 

46        45 

30     „ 

36 

35 

3« 

36 

50 

49 

50 

50 

68 

65 

67 

63 

79        77 

60     „ 

68 

61 

70 

62 

91 

88 

91 

89 

117 

H7 

112 

112 

140      141 

90     „ 

100 

86 

92 

89 

133 

126 

137 

127 

170 

167 

165 

161 

212         2X2 

120     „ 

124 

III 

121 

"3 

166 

162 

174 

167 

227 

217 

221 

209 

278         263 

No.  of  lines 

633 

~ 

633 

— 

940 

— 

940 

— 

1,261 

I-2S4 

— 

1.573        — 

O  =  Observed  ;  C  =  Computed. 


tains  a  supply  as  required,  but  of  inferior  qualitv.  It  may 
better  be  compared  with  a  network  of  tramlines  in  which 
when  the  existing  equipment  is  filled  at  any  point  the 
e.xcess  traffic  is  stopped  and  delay  and  congestion,  loss 
and  discontent  result.  A  subscriber  calling,  either  gets 
through  and  speaks  with  his  wanted  subscriber,  or  he  fails 
to  get  the  wanted  party  ;  the  result  of  failure  will  be 
definite  loss  of  revenue  for  the  owner  of  the  equipment 
coupled  with  dissatisfaction  on  the  part  of  the  users  or 
a  large  increase  in  calling  rate  resulting  from  repeated 
futile  calls.  Each  such  repeated  call  may  involve  the  use 
of  the  plant  to  almost  the  same  extent  as  a  successful  and 
revenue-producing  connection. 

In    the    manual-switching    system    the    calculation    in 
advance   of    the    elements   for   use   in   common   has   not 


basis.  This  practice  was  maintained  hy  one  of  the  largest 
private  companies  by  recording  each  failure  of  an  operator 
to  obtain  a  junction  line  to  a  given  office,  and  on  the  third 
report  of  "all  junctions  busy"  to  a  given  office,  wiring  in 
an  added  junction.  The  practice  resulted  in  a  number  of 
junctions  considerably  in  excess  of  the  normal  require- 
ments, but  bv  reason  of  the  relative!}'  cheap  terminal 
apparatus  involved  no  large  expenditure  for  idle  plant 
In  a  number  of  large  multi-office  areas  the  alternative  plan 
has  been  adopted  of  closely  limiting  the  number  of  local 
junctionlines,  with  the  result  in  one  case  that  between  impor- 
tant offices  6  per  cent  of  the  bus}'  hour's  calls  were  blocked 
because  all  junctions  were  busy,  the  number  rising  in  one 
example  to  11  per  cent.  So  far  as  the  author  is  aware,  no 
definite  effort  has  been  made  to  determine  the  percentage 
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1  hy    rLa>oii  of  dclicicnt   junction 

I.,    .  ^c>,  .md  to  fix  upon  a  permissible 

pcfcc  -;  c;iii>  and  adjust  the  capacity  therefor. 

In  1        ,  i'S  of  macliine-switchin;^  equipments  the 

accurate  adjustment  of  the  switching  capacity  to  trattic  in 
advance  oi  con^itruction  is  importanL  The  number  of 
trunks  or  junctions  linked  tojjether  to  form  a  through 
circuit  is  larger  than  in  manual  equipments  ;  the  switch- 
ing mechanisms  for  connecting  the  successive  links  form 
a  ■  OI   the  total  cost  of  the  switching  equipment  ; 

t:.  I  of  link  circuits  when  later  required  is  more 

dilncuii  .md  relatively  more  costly  :  the  necessity  for  the 
.iddition  cannot  be  observed  with  equal  facility ;  the 
required  switching  capacity,  as  made  clear  in  the  fore- 
going pages,  largely  affects  the  nature  of  the  mechanism. 
The  pl.inning  of  machine-switching  equipments,  and  the 
comparison  in  respect  to  performance  and  cost  of  switch- 
ing equipments  of  different  types,  require  a  more  accurate 
mc:ins  for  computing  in  .idvance  the  traffic-c.irrying 
cap.icity  of  the  equipments  than  was  usual  in  manual 
practice.  Discussion  of  relative  merits  of  the  several 
m.ithematical  methods  of  computing  capacity  is  not 
within  the  scope  of  this  paper;  but  some  reference  to 
the  practical  aspects  of  the  current  discussion  of  methods 
may  be  desirable. 

It  must  be  $t:itcd  that  telephone  calls  arc  not  originated, 
or  distributed  amongst  lines,  purely  by  chance,  but  rather 
t  ■  'i  nt  in  .iccordance  with  lixed  social  and  physical 

c  nevertheless  a  l.irgc  number  of  calls  originating 

i;  1(1  conditions  can   he  treated  as  though   they 

\>.  •  ..cd  and  distributed  purely  by  chance  through 

given  periods  of  time  and  as  originating  and  terminating 
at  random  in  the  different  numerical  or  geographical 
groups  of  lines.  The  switching  cquipnient  must  have  a 
carrying  capacity  or  number  of  paths  for  llie  maximum 
number  of  connections  required  in  the  busiest  moment, 
ai.  '  'le  maximum  rcqiiiremenls  from 

a  '"ig  lines  to  any  group  of  call- 

I'  ;ie>.     It  Would  be  a  simple  matter  to  plan  an 

e ;     ,  for   distribution    in    time    and    in°  groups    of 

nunihcrs  on  a  basis  of  averages,  but  the  system  so  planned 
would  be  deficient  to  the  point  of  practical  inopcrative- 
nesv  Studies  of  chance  are  employed  to  determine  the 
probable  deviation  from  the  average.  It  is  not  expedient 
to  provide  for  an  absolute  maximum  of  paths,  but*  it  is 
necessary  f"  compute  and  make  such  provision  that  the 
swit'-hinf?  capacity  of  any  portion  of  the  exchange  prob- 
:<  not    be   exceeded    more   than   a  certain  small 

i<  :  times  which  will  appear  negligible. 

Illustrations  uf  the  extent  to  which  the  results  computed 
1    m,  .1,.  of  the  theory  of  chance   may  be  expected  to 
with  the  rcsultH  observed  in  trials  of  chance 
f  telephone  traffic  will  be  of  interest. 
■  i  the  probable  maximum  devi.ition  above 
'        OI    coniieclions   is   usually 
,   liinr-swilcliing    equipment. 
liow«    foi    till  <jf    trials    the    corre- 

Im  twi<  II  the  ■  '   probability  of  cxceed- 

:   and  the  cxccii!>  actually  observed  in 

1. 1  ..L    carrc»pondcncc   lietwccn   the  com- 

piilrd  and  the  obkcrvcd  pure  cliancc  results  it  noticeably 
cUxc. 

In  making  a  «imiUr  cotnpari»on  for  telephone  traffic  the 
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litliie     I 
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occurrence  of  originated  calls  during  the  busy  hour  .iffords 
a  fairly  good  test  of  correspondence  ;  the  number  and 
sequence  of  originated  calls  will  differ,  however,  from  pure 
chance  distribution  by  rcison  of  the  occurrence  of  pc.ik 
loads  at  certain  times  due  to  social  conditions,  to  differ- 
ences in  calling  rale  of  lines,  to  recalls  in  close  sequence, 
and  to  the  exclusion  of  calling  hy  the  subscriber  during 
speaking.  Table  2  shows  for  a  kuge  central-battery 
manual  board,  in  one  column  (O),  the  flat-rale  arriving 
calls  recorded  during  intervals  of  15  seconds  and  grouped 
together  in  periods  of  diff>.-rent  duration  from  15;  seconds 
to  120  seconds,  and  in  the  adjacent  column  (C)  the  cor- 
responding number  of  calls  computed  for  the  probability 
that  it  will  be  exceeded  once  during  the  observed  busy 
hour. 

In  calculating  the  number  of  junction  lines  required  for 
accommodating  a  known  amount  of  traffic,  complications 
arise  in  addition  to  those  affecting  calls  originated,  of  which 
perhaps  the  principal  is  the  deviation  from  average  hold- 
ing time  of  tlie  junction.     In  Table  3  comparison  is  made 

Table  3. 
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of  the  number  of  junctions  actually  used  simulUucously  in 
each  of  11  groups  of  junctions  between  different  manual 
offices,  carrying  different  numbers  of  busy-hour  connec- 
tions, the  cliiciencv  of  the  iimctions  being  c\presse<I  in 
percentages,  with  the  computed  number  of  junctions  and 
the  corresponding  computed  efficiencies.  The  holding 
time  for  the  observed  calls  averaged  al>out  no  seconds, 
the  deviations  being  unknown  ;  the  holding  time  for  the 
computed  calls  was  assumed  to  be  120  seconds.  The 
junctions  observed  were  ample  in  number,  and  there  was 
in  fact  no  blocking  or  del.iy  of  the  connections,  while  in 
the  case  of  the  computed  c.ills  one  call  lost  or  del.iyed  by 
reason  of  all  trunks  Inring  busy,  is  assnnud  for  each  busy 
h„„r_in  other  words,  the  computed  number  of  trunks 
required  would  be  once  exceeded  in  each  of  the  busy 
hours.  In  view  of  the  probable  differences  iKlwecn  the 
actual  and  the  assumed  conditions,  the  correspondence 
between  the  observed  and  computed  results  is  (air. 

In  a  paper  *  read  before  the  American  Institute  of  Klec- 
trical  Knginccrs  a  ch.vl  was  given  (herewith  reproduced  as 

*  \V.  I.M    tsMriil  I  I.      'Iianit   Sluilir*  in   Ant.Mn.iMc  »witcJit«ianl 
TrkpliMiii  Sv«Irm«."    Tixii'-tcllom  ,yf  Iht  Amtri,,it%  ImttMr  of  Eltilrual 
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Fi"  7)  showing  for  8  busv  hours  the  numbers  of  connec-  concentrated  in  the  earlier  trunks  of  the  group  (first  tested 
tions  mechanically  recorded  in  a  group  of  lo  trunks  in  an  over)  and  therefore  will  not  appear  in  the  trunks  placed 
automatic  telephone  exchange.  In  order  to  discover  the  further  along  in  the  group.  The  fact  is  noteworthy,  how- 
correspondence  between   these   recorded   and   computed  ever,  that   the   total   connections   observed    in    no    cases 
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results.  Table  4  has  been  calculated.  In  comparing  the 
recorded  with  the  computed  numbers,  account  may  be 
taken  of  the  fact  that  the  duration  of  the  recorded  calls 


required  in  fact  more  than  10  trunks,  while  the  computed 
numbers  led  to  e.xactly  the  same  result  with  the  exception 
of   those  in  the  third  column,  in  which  as  computed  the 
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A 

B 

C 

D 

E 

G 

H 

I 

Tests 

218  b.h.c. 

iq8  b.h.c. 

228  b.h.c. 

188  b.h.c. 

159  b.h.c. 

106  b.h.c. 

56  b.h.c. 

19  b.h.c. 

492  av. 

4-47  av. 

15-14  av. 

4-24  av. 

3-59  av. 

2"4  av. 

I -26  av. 

043  av. 

Trank  Employed 

Obs.    Cilc. 

Obs.     Calc. 

Obs.     Calc. 

Obs.     Calc. 

Obs.     Calc. 

Obs.     Calc. 

Obs.     Calc. 

Obs.    Calc. 

No.  I 

44      44 

46      43 

60        44 

39      43 

43      43 

36    40 

33   .  32 

12       15 

2 

42      42 

39      42 

52      43 

56      41 

37      39 

28     31 

15     16 

5        4 

3 

30      38 

17      36 

27      39 

29      34 

27      31 

19     19 

6        6 

I         I 

4 

33      32 

37      29 

32      33' 

29      27 

25      22 

II       10 

2         2 

I 

5 

30      25 

23      20 

20      27 

22      18 

15       13 

6        5 

6 

20      17 

'5      13 

21       18 

4       12 

6        7 

5         I 

7 

8       10 

9        8 

13       12 

2         7 

4        3 

I 

S 

7        6 

7        4 

3        7 

3        3 

2         I 

9 

2        3 

3        2 

J 

2        2 

0 

10 

2         I 

2        I 

I 

2        I 

0 

218     218 

198     198 

228    227 

188    188 

159     159 

106     106 

56      S6 

19       19 

deviated  considerably  from  the  average  8i'25  seconds, 
while  the  computed  numbers  do  not  ;  for  example,  in 
column  3  the  60  connections  recorded  in  Trunk  No.  i, 
if  all  were  of  average  length,  would  occupy  4,875  seconds 
in  the  hour.  To  the  extent  to  which  the  actual  connec- 
tions have  a  duration  less  than  the  average  they  will  be 

Vol.  55. 


228  connections  in  the  bus)-  hour  once  would  have  required 
one  additional  trunk. 

The  correspondence  between  the  number  of  switches 
required  by  traffic  of  given  amount  and  character  as 
observed  and  as  computed  from  observed  duration  of 
conversation,  is  shown  in  Fig.  8.     The  observations  were 

19 
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made  in  a  semi-autonutic  machine-switching  equipment 
known  hereafter  as  "  I."  The  total  number  of  conncc- 
tk>n>  during  the  period  of  obscr\°ation  was  K46,  the  average 
holding;  time  per  connection  being  55'9  secondi.  The 
xlcctors  observed  contained  22  trunks  in  a  group  ;  the 


Fig.  8. — Comparison  of  obscr\cd  and  computed  trunk  efficiency. 

22nd  trunk  was  not  required  during  the  period  of  observa- 
tion, though  21  trunks  were  required.  As  computed  for 
one  call  lost  in  the  period,  22  trunks  might  have  been  once 
exceeded.  The  correspondence  between  observed  and 
computed  results  is  noticeably  close. 

Practical  Hf-^rino  ok  Comi-l'tatioxs  of  Probable 

Trakfic. 
Reference  has  been  made  m  the  foregoing  pages  to  the 
perccnUgc  of  calls  lost  or  delaved  bv  reason  of  dclicient 


this  peak  of  ori;;inating  load  unprovided  for  will  consist 
in  calls  delayed,  or  blocked,  by  a  busy-back  signal.  The 
cost  of  accommodating  the  peak — particularly  when  the 
day's  traffic  curve  shows  sharp  peaks— may  be  consider- 
able. Fig.  I)  shows  the  number  of  switching  m.ichines 
(and  trunk  lines)  for  two  equipments  otherwise  identical, 
the  capacity  of  one  of  which  is  such  as  to  produce  a  delay 
or  loss  of  one  per  cent  of  the  days  originated  calls  in  the 
switching  equipment  (excluding  the  loss  at  the  called 
party's  hnci  while  the  other  gives  the  capacity  which 
would  produce  about  01  per  cent  loss  in  the  day's  calls. 
The  curves  are  figured  on  the  assumption  of  four  orders  of 
switching  machines,  two  busy  hours  per  dav  (80  per  cent 
of  the  peak  traffic  being  taken  as  a  busy  hourt,  one-eighth 
of  the  day's  calls  in  the  busy  hour,  and  a  holding  time  of 
two  minutes. 

A  system  equipped  in  accordance  with  the  lower  of 
these  curves  would  produce  a  number  of  "  trunk-busy- 
tests  "  during  the  busy  hour  equal  to  about  4  per  cent  of 
the  originated  calls.  This  rate  of  loss  or  delay  may  be 
compared  with  accepted  manual  practice,  in  which  a  busy- 
hour  loss  at  the  cillcd  parly's  line  amounting  to  15  per  cent 
is  not  unusual  ;  and  with  the  official  report  for  the  Post 
Ofticc  system  for  1913  noting  the  perccntajie  of  "engaged 
calls"  as  17-4  per  cent. 

In  a  switching  system  in  which  the  testing  of  trunks  at  a 
given  group  is  not  prolonged  or  repealed,  an  advancing 
connection  which  encounters  all  trunks  busy  is  blocked 
and  lost.  Therefore  the  switching  capacity  represented  in 
the  lower  curve  would  result  in  4  per  cent  of  calls  lost  and 
returning  the  busy-back  signal  during  the  busy  hour. 
When  registers  are  employed  for  recording  the  numtier 
wanted  and  governing  the  selection  and  the  testing  of 
trunks,  tlic  test  of  engaged  trunks  may  be  prolonged  or 
repeated  until  a  trunk  becomes  available  ;  the  call  is  then 


KX>0 


6u&<)-hour    cAlls   for    £  minuCea  holding  time 
Kio.  9.— Relation  of  tninki  to  traffic  for  different  perocntagcn  of  calln  loit  or  ilcUycd. 


janctiont  or  twitching  machine*.    The  formula.^  for  com- 
p<r  .1    the    calculation    of   a    switching 

ca;  trunk  links  and  twitching  machines 

wht«.)i  will  be  Ailct^uAtc  for  all  but  a  certain  peak  of  load  ; 


merely  subjected  to  a  delay  which  is  negligible  in  the 
time  of  total  completion.  Tabic  5  below  shows  for  a  system 
constructed  (or  the  repealed  testing  of  busy  trunk  groups 
and  for  the  switching  machines  of  a  single  group  employed 
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at  four  different  percentage  efliciencies,  the  percentage  of 
busy-hour  calls  which  would  wait  longer  than  12  seconds. 
Ina  machine-switcliing  equipment  "G"  with  such  registers, 
it  was  found  by  test  that  the  number  of  final  switches 
could  be  reduced  to  the  extent  of  25  per  cent  before  the 
delays  imposed  upon  connections  in  progress  because  of 
repeated  testing  to  obtain  an  idle  line  switch  became 
perceptible  to  the  users. 

Table  5. 
Percentage  of  Calls  lost  or  delayed. 


Since  the  switching  capacity  of  the  system  affects  the 
cost  of  the  equipment  to  a  very  considerable  degree,  com- 
parison of  machine-switching  systems  of  different  types 
necessitates  recourse  to  some  method  of  estimating  the 
capacities  or  the  percentages  of  busy  tests  (lost  or  delayed 
calls)  in  trunk  groups  of  different  numbers  and  for  different 
processes  of  selection.  For  such  a  purpose  the  mathe- 
matical computations  based  upon  traffic  assumptions 
uniform  for  the  systems  compared  are  easil}'  applied  and 
highly  significant. 

Table  6  exhibits  the  different  numbers  of  machines  pro- 
vided and  the  different  percentages  of  calls  lost  or  delayed 
in  similar  switching  equipments  computed  according  to 
the  several  methods  which  have  prevailed  up  to  the  present. 
It  would  seem  highly  desirable  that  a  standard  method  of 
computing  the  switching  machines  in  an  equipment  should 
be  agreed  upon  as  a  basis  of  "  rating "  or  comparing 
systems  of  different  types. 

Table  6. 

Machine-switching   Equipment  for    Lines  5,000,   Busy-hour 
Calls  6,000,  Holding  Time  2  min. 


Method  of  Computiag 
Machines 

Machine 
Switches 
Kequired 

Delayed 

CaUs  Per 

Day 

Delayed 

Day's  Calls 

% 

Delayed 

Busy  Hour 

Calls  % 

G.  P.  0.  (Chart) 
i  =  nt  -f  2-8   'tjnt 
W.  E.  Co. 

1,788 
1,687 
2,150 
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364 
48 

0-58 
076 

o-i 

2-3 

3-1 

0-4 

Controlling 


THE    Switches;    Full    Automatic 
Semi-automatic  Systems. 


Efficiency  % 

Calls  Lost  on 
Test  % 

Calls  waiting  longer 
than  i:  sees.  % 

0-55 

34 

0-45 

0*65 

8-3 

I '4 

070 

122 

3-8 

o-8o 

23-4 

90 

Comparing  Die 

FERENT    SWITCHi: 

<a  Equipments. 

The  manner  of  controlling  the  movements  of  the  two 
types    of   switches   with   ratchet   and   power   motors   are 


characteristically  different  ;  the  ratchet  motor  impulses  of 
current  are  produced  by  the  controlling  means  which 
operate  the  motor  magnets  of  the  switches  successively 
step-by-step,  advancing  the  moving  member  to  an  extent 
corresponding  to  the  number  of  impulses  ;  in  the  power- 
driven  switch,  the  switch  is  set  in  motion,  and  in  its 
motion  transmits  back  to  the  controlling  means  impulses 
of  current  which  measure  the  progress  of  the  switch  and 
enable  the  controlling  means  to  stop  it  when  the  desired 
displacement  has  been  produced.  The  employment  of  the 
ratchet  motor  driven  by  a  succession  of  current  impulses 
involves  a  stoppage  of  the  switch  at  each  impulse,  and  thus 
tends  toward  the  reduction  of  mass  to  permit  prompt 
stopping  and  starting.  The  second  named  type,  which 
is  known  as  the  revertive  impulse  control,  permits  an  un- 
interrupted motion  of  the  switch  parts,  and  so  permits  the 
employment  of  relatively  large  masses,  high  speeds,  and 
extensive  movements. 

The  standard  form  of  controller  for  ratchet  motors  is  a 
break  wheel  driven  at  a  regulated  speed  which  produces 
successive  interruptions  of  current  to  the  required  number 
in  the  circuit  containing  the  motor  magnet.  The  revertive 
impulse  type  requires  as  a  controlling  device  some  form 
of  magnet-driven  apparatus  which  counts  the  impulses 
measuring  the  progress  of  the  switch  and  breaks  the  circuit 
of  the  motor  or  clutch  at  the  correct  number. 

The  control  of  the  switching  machines  may  be  exercised 
either  by  the  subscriber  himself,  furnished  with  a  number- 
transmitting  dial,  or  by  an  operator  acting  under  the 
subscriber's  direction  by  telephone. 

For  use  at  the  subscribers'  stations  the  spring-driven 
governing  break  wheel  seems  rather  to  have  the  advantage 
in  point  of  simplicity  and  economy  as  compared  with  the 
magnet-driven  escapement.  When  the  controlling  appar- 
atus is  located  in  the  central  office,  however,  the  conditions 
are  reversed.  The  advantages  of  both  methods  are  com- 
bined in  a  register  or  secondary  controller  on  the  one 
hand  set  by  the  subscriber  to  the  desired  number  and  in 
turn  controlling  the  switching  machines  by  reverting 
impulses.  The  register  in  its  number-receiving  functions 
may  then  be  best  adapted  to  the  conditions  of  control 
from  the  subscriber's  station,  while  in  its  machine-con- 
trolling functions  it  may  be  suited  for  governing  the 
switching  machinery. 

When  the  manual  switch-controlling  mechanism  is 
located  at  the  central  office  it  takes  the  form  of  keys 
corresponding  to  the  numbers  like  those  of  a  typewriter 
which  can  be  manipulated  with  great  facility  and  accuracy. 
To  transmit  a  five-digit  number  by  means  of  a  dial  sender 
requires  about  6  seconds  ;  to  set  up  a  like  number  on 
keys  requires  no  more  than  i  second.  In  several  semi- 
automatic switching  systems  the  keys  directly  govern  the 
impulses  distributed  to  the  switching  machines.  Since 
the  operator  can  dispose  of  connections  more  rapidly 
than  the  switching  machines  can  perform  the  numerical 
and  junction  selections,  two  or  more  sets  of  keys  are 
furnished  for  each  operator  which  she  may  use  in  succes- 
sion. In  the  system  of  the  oftices  G,  I,  J,  and  K,  and 
others  later  referred  to,  a  single  set  of  keys  placed  before 
the  operator  is  associated  with  several  sets  of  numerical 
registers,  any  of  which  may  be  set  to  position  correspond- 
ing with  the  numbers  of  the  keys  depressed  ;  and  the 
registers  free   themselves   when   set  from   the   keys  and 
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have 


ic:  :ated   with   the   inachHR->    until    ihey 

gu  'tcr  to  the  indic:itcd  connections. 

1  'H-    ?sanie    pcneral    nature   and 

R*>^  :lc^  m  the  >.ime  way  whether 

M.;   lo  poMiifU    by   means  of  the    keys   of   the 

rir  bv  means  -of  the  number-transmitting  dial  at 

s  station.     A  switching  equipment  is  readily 

:'.'r     conversion     from     the    semi-automatic 

workmg  in  which  the  registers  are  set  by  the  operator's 

keys  to  the  full  automatic  working  in  which  they  are  set 

by  the  subscriber's  station  instrument  ;  or  for  the  eniploy- 

"Je:."    •   ■    ■  'lodsof  operation  together  in  the  same 

swi:  -,it. 


but  vcr>'  imperfectly  realized  because  of  the  delays  and 
high  wage  cosl  involved  in  manual  call  distribution.  In 
machine  switching,  the  same  mechanism  collects  the  calls 
from  a  large  number  of  lines,  concentrates  them  upon  a 
limited  number  of  trunk  circuits,  and  brings  them  before 
a  limited  number  of  operators  in  charge  of  those  trunk 
circuits.  The  distribution  of  calls  to  operators  may  alter 
the  choice  of  machines  and  groups  to  some  e.xtcnt.  The 
trunks  ending  in  seeking  switches  arc  occupied  for  the 
full  holding  time  of  a  connection  and  hence  must  be 
available  in  a  relatively  large  proportion  to  ihc  calling 
lines.  It  is  not  desirable  to  carry  the  equable  distribution 
of  traffic  amongst  the  trunks  to  an  extreme  by  reason  of 


PercenCAg-e  of  calls  delayed 
KiG.  10 — Delay  in  answering. 


1  ';  ^witching  machines  directly 

frO!'  1   very  little  afTects  the  nature 

o4  t  Mig   mechanism  ;  the   control 

nf  itor-,    however,   considcr.tbly 

the  machine-switching  equipment  and  the 

-     ,    :ator9  in  comparison  with  manual  switching. 

Cai.i.  DiM-HiBirriox  to  SeMi-AirroMATic  Oprratok!>. 

The  u«c  of  neckinft  machines,  whether  prc-seleclors  or 

'  .'iiig    the    I  rails    upon    the 

'•»      in    V  itic    operating, 

of  the  work  of 

iiectinn^  upon  a 

•  Mc  distribution 

'  •         lire  of  economy 

and   improYcmcnl  long  recognized  in  manual  nwilching, 


tlic  rapidly  increasing  cost  of  the  distributing  machinery. 
The  operator,  however,  is  occupied  onlv  a  few  seconds 
with  each  connection  ;  it  is  necessary  to  bring  such  a 
l.irge  number  of  incoming  calls  to  each  operator  as  to 
keep  her  fully  occupied,  and  to  distribute  the  incoming 
calls  equably  amongst  such  a  large  number  of  operators 
that  none  may  l)e  overworked,  and  no  calls  may  be  un- 
reasonably delayed.  This  condition  alters  the  economic 
relations  in  such  a  way  av  to  make  it  desirable  to  bring  a 
connection  from  any  on*  .  uumlHT  of  subscribers' 

lines  to  anv  one  of  a  cc  ;  niimbci    of  operators. 

It  is  prohtabic  to  concentirflw  the  incoming  calls  upon  an 
operator  up  lo  her  full  capacity,  which  niav  be  about  five 
or  six  hundre<l  connections  per  hour.  A  coiulilion  limiting 
the  load  is  the  delay  imposed  upon  the  individual  sub- 
(criber*!  call  before  it   receives  attention,  which  can  be 
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kept  down  only  by  reducing  the  load  on  the  operator  and 
so  increasing  the  wage  cost  per  connection,  or  by  dis- 
tributing calls  to  a  larger  number  of  operators  and  thereby 
increasing  the  quantity  of  distributing  machinery.  The 
standard  of  promptness  in  answering  a  subscriber's  call 
has  already  been  fixed  by  experience  with  manual  systems 
and  cannot  now  be  exceeded.  This  service  is  of  the 
character  in  which  averages  are  not  particularly  signifi- 
cant, but  extremes  determine  the  character  of  the  service. 
The  aim  of  good  manual  practice  is  to  answer  the  calling 
subscriber  in  an  average  time  of  3J  seconds,  with  no  more 
than  5  per  cent  of  the  calls  delayed  more  than  10  seconds. 


n20 


calling  line  and  connecting  her  telephone  ;  while  the  other 
is  the  wait  imposed  while  the  operator  serves  other  calls, 
which  increases  with  increasing  load.  The  inclination  of 
the  curve  of  observations  therefore  tends  to  the  horizontal 
towards  the  left.  In  the  case  of  the  curve  of  chance  plays 
the  constant  factor  for  physical  work  is  not  present.  If  it 
were  added  the  chance  curve  would  be  horizontal  for  a 
large  percentage  of  the  calls  at  about  2'5  seconds,  while 
the  rising  portion  would  correspond  even  more  closely 
with  the  curve  of  observations.  This  chart  can  therefore 
be  regarded  as  showing  a  close  correspondence  between 
the  observations  of  traffic  and  pure  chance  plays  for  the 
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40  50        '60  70  80     "     90 

Percentag-e  of  calls  delayed 

Fig.  II. — Call  distribution.     Relation  between  waiting  time  and 
number  of  operators  in  team. 


The  collection  of  exact  data  for  comparison  of  different 
methods  and  degrees  of  call  distribution  amongst  operators 
is  difficult  by  reason  of  the  great  number  of  observations 
required  and  the  rapid  changes  in  conditions  which  take 
place  during  the  test.  Fairly  close  correspondence  is 
found  between  observed  results  and  chance  plays,  and 
the  latter  method  is  therefore  valuable  for  determining 
the  effects  of  call  distribution.  Fig.  10  illustrates  the 
correspondence  between  chance  plaj's  and  the  results 
observed,  for  example,  in  the  manual  switchboard  "  M  " 
when  the  operators  were  specially  loaded  to  300  calls  each 
in  the  busy  hour,  with  team  work  amongst  three  operators. 
The  operator's  delay  in  answering  a  call  in  a  manual 
switchboard  is  composed  of  two  factors,  of  which  the 
first  is  a  nearly  fixed  minimum  time  of  rather  more  than 
2  seconds  for  observing  the  call  signals,  plugging  into  the 


Fig. 


50        60        10         80        9C 

Percentage   of  calls  delayed 

12. — Relation  between  busy-hour  load  and  subscribers 
waitini;  time. 


delays   caused   by   calls   waiting   for   one  another  during 
rushes. 

Figs.  II  and  12  were  plotted  from  a  large  number  of 
similar  chance  plays,  for  an  assumed  handling  time  of 
5  seconds  per  call.  Fig.  11  shows  the  percentages  of  calls 
which  are  delayed  different  numbers  of  seconds  by  reason 
of  rushes  of  calls  during  the  busy  hour  distributed  as 
equably  as  possible  amongst  operators  working  in  teams 
of  different  numbers  from  one  alone  to  nine.  F"ig.  12 
shows  the  relation  between  subscribers'  waiting  time  and 
different  loads  per  hour  per  operator  for  a  team  of  three 
operators  to  whom  the  calls  originating  by  chance  are  dis- 
tributed as  equably  as  possible,  the  mechanism  being 
assumed  to  pass  the  call  to  the  operator's  telephone  as 
soon  as  it  is  free.  The  charts  indicate  that  a  high  grade 
of  service  can  be  attained  consistently  with  a  high  load 
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upon  each  operator,  by  providing  for  connecting  any  call 
originating  amongst  two  or  three  thousand  lines  with 
an}'  of  six  or  more  operators.  To  perform  such  a  dis- 
tribution requires  seeking  switches  of  large  switching 
capacity. 

Description'  of  Automatic-switching  Plaxt. 

The  results  of  the  foregoing  studies  and  conclusions 
have  been  embodied  in  a  number  of  machine-switching 
plants,  of  which  one — a  semi-automatic  equipment  for  an 
excliange  area  in  France — will  be  described  here  in  some 
detail. 

The  mechanical  switches  are  of  three  varieties — the 
seeking  switch  or  line  finder,  the  choosing  switch  or 
selector,  and  the  sequence  switch,  which  last  is  an  appli- 
ance for  performing  a  series  of  shifts  of  the  circuits 
connected  with  either  of  the  other  appliances  for  the 
performance,  one  after  the  other,  of  its  several  functions. 
All  the  switches  are  driven  from  a  common  electric 
motor  through  constantly  running  shafting  and  magnetic 
clutches. 

The  terminal  iield  (Fig.  13)  of  the  switching  machine  is 
a  segment  of  a  cylinder,  in  the  axis  of  which  the  moving 
brush  member  is  pivoted.  The  terminals  are  square 
bronze  wire,  presented  end-on  in  the  cylindrical  surface, 
with  their  outer  ends  projecting  radially  for  attachment 
to  the  multipling  cables.  The  terminals  are  embedded  in 
plates  of  electrose,  which  are  assembled  parallel  to  the 
axis  in  a  rigid  frame.  The  terminal-field  unit  is  known  as 
an  arc. 

A  number  of  these  arcs  are  mounted  close  together  upon 
one  face  of  a  narrow  rectangular  frame  of  angle  iron  ;  the 
movable  members  or  brushes  with  the  power  clutches, 
carried  in  independent  small  frames,  are  mounted  upon 
the  other  face  of  the  frame.  The  arcs  in  one  frame  are 
multipled  together  by  means  of  ribbon  cables,  each  cable 
connecting  in  multiple  those  plates  of  all  the  arcs  which 
lie  in  the  same  radial  plane,  and  ending  in  a  row  of  solder- 
ing terminals  at  the  upper  end  of  the  frame  (Fig.  15).  The 
frame  of  angle  iron  with  its  assembled  arcs  and  cables  is 
known  as  a  bay  of  switches. 

The  bays  are  mounted  in  upright  position  side  by  side 
on  girders  of  channel  iron  to  the  number  required  ;  the 
permanent  cable  connections  are  made  by  cables  lying 
horizontally  upon  supports  across  the  tops  of  all  the  bays, 
the  fan  wires  of  the  cabfes  being  connected  to  the  solder- 
ing terminals.  As  many  bays — that  is,  the  fields  of  as 
many  machines — as  required  thus  may  be  connected  per- 
manently in  multiple. 

The  ribbon  cable  referred  to  is  composed  of  tinned 
copper  wires  as  warp,  bound  together  by  a  woven  woof 
of  silk  ;  this  ribbon  is  folded  into  a  flattened  helix  of  which 
one  edge  of  each  turn  is  sunk  between  adjacent  plates  of 
an  arc,  while  the  other  edge  of  the  same  convolution  is 
laid  across  the  row  of  terminal  pins  in  the  plate  adjoining  it. 
The  weaving  is  interrupted  along  the  portion  of  the  ribbon 
which  lies  in  contact  with  the  terminals  to  leave  the  wires 
bare  at  those  points,  and  the  bared  wires  fall  into  notches 
sawn  in  the  ends  of  the  terminals  and  are  soldered  into 
them.  The  successive  turns  of  the  helix  bring  the  ribbon 
into  similar  positions  upon  all  the  terminals,  and  thus 
bring  corresponding  wires  into  connection  with  corre- 
sponding pins  in  all  the  arcs. 


The  wires  in  the  ribbon  all  lie  side  bj'  side  (not  twisted) 
and  thus  are  susceptible  to  considerable  mutual  induction. 
The   wires  of  certain   pairs   are   therefore   transposed  in 
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Fig.  15.— Bay. 

relation  to  their  neighbours  at  the  point  where  they  are 
connected  with  the  horizontal  cables  at  the  top  of  the 
frame.     The  unbalanced  capacity  can   by  this  means  be 
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so  reduced  as  to  permit  the  multipling  together  of  500 
machines  or  more  without  producing  troublesome  cross- 
talk. 

The  multiple  field  of  the  line  finder  numbers  60  sets  of 
terminals,  mounted  in  20  plates,  each  containing  12  sets  of 
terminals  ;  in  relation  to  the  brush  member,  it  can  be  re- 
garded as  having  three  horizontal  rows  of  sets  of  four  ter- 
minals for  20  lines  in  each  row  and,  therefore,  as  containing 
terminals  for  60  lines.  The  field  of  the  selector  is  composed 
of  22  plates  of  30  terminals  and  may  be  regarded  as  com- 
prising 10  horizontal  rows,  each  having  22  sets  of  three 
terminals  and,  therefore,  accommodating  220  lines  in  10 
groups  of  22  each. 

The  movable  brush  members  of  the  finder  and  of  the 
selector  differ  in  construction.  That  of  the  finder  has 
three  sets  of  four  brushes,  the  sets  being  carried  in  a  star- 
shaped  frame  in  which  the  brushes  have  an  angular  separa- 
tion of  120°,  and  a  longitudinal  separation  such  that  the 
three  sets  pass  over  the  three  different  horizontal  rows  of 
lines  ;  the  corresponding  brushes  in  the  three  groups  are 
connected  together  in  multiple — in  effect  they  are  three 
multiple  movable  terminals,  of  which  two  are  in  the  air 
and  one  is  sweeping  over  its  particular  row  of  lines,  with 
the  result  that  in  one  complete  rotation,  a  set  of  brushes 
makes  contact  with  the  terminals  of  every  line  (Fig.  14). 

The  motor  element  of  the  finder  consists  of  a  magnetic 
clutch  engaging  a  friction  wheel  on  a  short  constantly- 
rotating  horizontal  shaft.  All  the  individual  shafts  of  the 
switches  in  a  bay  are  geared  through  small  mitre  gears  to 
a  vertical  shaft  carried  in  bearings  fixed  to  the  side  of  the 
bay,  which  vertical  shaft  is  in  turn  geared  at  the  bottom  to 
a  horizontal  shaft  in  the  channel  iron  upon  which  the  bays 
are  mounted. 

To  return  to  the  magnetic  clutch — the  lower  end  of  the 
spindle  of  the  brush  frame  carries  a  soft  iron  disc  con- 
nected through  a  flexible  bronze  diaphragm  with  the 
spindle ;  beneath  the  edge  of  the  disc  on  the  rotating 
shaft  is  a  soft  iron  wheel,  fixed  to  a  tubular  core  surround- 
ing the  shaft,  which  is  encircled  by  a  magnet  winding. 
The  current  in  the  motor  coil  or  "  power  magnet  "  mag- 
netizes the  wheel,  which  pulls  down  the  edge  of  the  iron 
disc  into  contact  with  itself  and,  bv  its  frictional  and  mag- 
netic engagement,  sets  it  in  rotation,  driving  the  brushes 
over  the  terminals. 

At  the  top  of  the  arc  is  fixed  a  segmental  plate  having  a 
tooth  above  each  row  of  terminals  ;  the  pivot  rod  of  each 
brush  group  carries  two  pivoted  levers,  one  of  which  is 
furnished  with  a  roller  which  drops  successively  into  the 
notches  corresponding  to  the  rows  of  terminals,  and  the 
other  of  which  makes  electrical  contact  with  the  tops  of 
the  teeth.  The  contact-maker  maintains  the  current 
through  the  motor  magnet  as  long  as  it  touches  a  tooth, 
and  during  the  same  time  the  roller  is  riding  over  a  tooth  ; 
these  two  members  are  in  such  position  relatively  to  the 
contact  faces  of  the  brushes  that  the  clutch  can  be  released 
only  when  the  brushes  have  been  brought  to  rest  accur- 
ately on  the  terminals,  in  which  position  the  roller  there- 
after holds  them.  Beneath  the  edge  of  the  disc  and  at  the 
rear,  in  a  position  90°  from  the  friction  roller,  is  a  brake 
magnet  ;  current  is  supplied  to  this  magnet  at  the  moment 
of  stopping,  thus  facilitating  the  stoppmg  of  the  brushes 
with  very  slight  overthrow  and  without  a  destructive  blow. 

The  movable  member  (Fig.  16)  of  the  choosing  switch 


or  selector  also  carries  multiple  brushes,  one  set  of  brushes 
for  each  row  of  line  terminals,  with  a  mechanism  for  put- 
ting into  action  any  chosen  set  of  brushes.  Ten  sets  of 
brushes,  corresponding  to  the  terminals  of  tlie  10  hori- 
zontal rows  of  lines,  are  mounted  in  the  same  brush  frame 
and  are  permanently  connected  in  multiple  ;  all  brushes 
are  normally  held  back  out  of  position  to  contact  with  the 
terminals,  by  engagement  with  pivoted  latches  of  hard 
rubber.  Upon  pulling  any  latch  outward,  the  corre- 
sponding set  of  brushes  will  be  released  and  will  spring 
into  position  to  sweep  over  its  row  of  line  terminals. 

The  brush-choosing  mechanism  is  placed  at  the  left  side 
of  the  machine  ;  it  consists  of  a  spindle  connected  with  a 
magnetic  clutch  at  its  lower  end  and  carrying  10  projecting 
fingers  helically  arranged,  in  such  a  wav  that  in  all  posi- 
tions excepting  the  normal  position,  one  of  the  fingers  will 
be  thrust  out  into  the  path  of  one  of  the  brush  latches. 
The  spindle  carries  near  the  bottom  a  star  wheel  acting 
upon  a  contact-maker  to  produce  one  period  of  contact  in 
the  act  of  bringing  each  successive  finger  into  position 
before  the  brush  latches.  At  the  right  side  of  the  machine 
is  a  vertical  roller,  placed  in  such  position  that  as  the  brush 
frame  moves  past  it,  the  brushes  roll  over  it  and  thereby 
are  thrust  into  engagement  with  their  latches.  The  func- 
tion of  the  trip  spindle  at  the  left  is  to  release  one  set  of 
brushes  ;  that  of  the  roller  at  the  right  is  to  push  the 
released  set  into  re-engagement  with  its  latch. 

The  brush  frame  carries  a  contact-maker  engaging  teeth 
in  the  segmental  toothed  rack  on  the  terminal  arc  as  in  the 
finder.  This  contact-maker  or  interrupter  may  have  only 
the  function  of  maintaining  the  motor  circuit  until  the 
brushes  are  centred  upon  the  terminals,  or  the  additional 
function  of  producing  a  reverting  impulse  in  a  controlling 
circuit  for  each  set  of  terminals  passed  over,  and  so 
measuring  the  progress  of  the  brush  frame  over  the 
terminals. 

In  operating  the  switch,  current  is  first  applied  to  the 
clutch  magnet  of  the  trip  spindle,  setting  the  spindle  into 
rotation ;  as  each  trip  finger  is  moved  to  position  in  the 
path  of  the  corresponding  brush  latch,  the  contact-maker 
on  the  star  wheel  sends  an  impulse  of  current  to  the  distant 
controlling  apparatus ;  the  magnetization  of  the  clutch  is 
maintained  until,  after  a  sufficient  number  of  impulses  have 
been  transmitted,  the  current  is  broken  from  the  controlling 
point,  when  the  motion  ceases  and  the  desired  trip  finger  is 
left  in  position  to  release  a  brush.  Then  the  clutch  magnet 
of  the  brush  frame  is  magnetized,  the  brush  frame  is  moved 
from  its  normal  position,  one  of  the  brush  latches  engages 
the  presented  trip  finger,  the  corresponding  set  of  brushes 
is  released  and  these  brushes  are  driven  over  a  row  of  ter- 
minals until  the  desired  point  is  reached,  when  the  clutch 
magnet  is  de-energized,  the  brake  magnet  is  excited,  and 
the  brushes  are  brought  to  rest  and  held  on  the  desired 
terminals.  For  resetting  the  machine,  the  clutch  magnet 
is  again  excited  and  rotates  the  brush  frame  past  the  re- 
setting roller  (thereby  relatching  any  released  brushes)  and 
around  to  the  normal  position,  at  which  point  the  inter- 
rupter roller  touches  a  contact  piece  and  cuts  off  the 
current  to  the  clutch  magnet. 

Sequence  Switches. 
The  method  of   switching  by  means  of  power  applied 
through  a  magnetic  clutcli  is  further  made  use  of  to  shift 
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the  controUinf;  circuits  of  each  of  the  switchin);  machines 
and  to  exercise  other  functions — in  the  sequence  switch. 
ThiN  appliance  differs  from  the  seeking  and  clioosing 
switcho  in  that  it  controls  a  consideraWc  number  of 
circuit*  to  open  and  clo>c  them  without  shifting  them 
into  pi  '^  witl)  one  another.     The  sequence  switch 

(Kig.  1  -  ~  of  a  number  of  groups  of  switch  springs 

with  cont.icts.  which  Iwar  upon  the  edges  of  insulating 
cams  carried  on  a  spindle  operated  hy  a  magnetic  clutch 
engaging  the  same  power  sh-ifting  which  serves  the  selec- 
tor. A  sequence  switch  is  mounted  beside  each  selector  ; 
It  shifts  the  connection  of  the  trunk  circuit  first  to  the 
motor  of  the  bru>h-tripping  spindle,  then  to  the  motor  of 
the  brush  frame,  then  to  the  brushes  themselves  when  the 
I  ted  ;  and  also  at  the  final  switch  it  is 

i:\ A  1  al>o  the  connection  and  disconnec- 

tion oi  the  ringing  current,  the  operation  of  seeking  br.iiich 
trunk>,  the  closing  of  the  circuit  through  lor  conversation 
and  the  restoring  of  the  switch  after  disconnection.  Since 
its  movement  is  derived  from  a  constant,  steady  source  of 
power,  it  is  used  to  produce  accurately  timed  periods  of 
break  or  closure  in  circuits,  and  so  hy  preserving  a  rough 
synchronism  to  permit  the  performance  of  a  series  of 
operations  over  a  single  circuit. 

The  bayx  of  machine  switches  are  erected  upright  side 
by  side  on  S-in.  ch.annel  iron  Kiscs  and  are  supported  and 
connected  at  the  tops  by  angle  iron  framework  (Kig.  |8). 
The  panels  of  bays  are  arranged  in  mutually  supporting 
pairs  connected  by  stiffening  framework  at  the  top.  The 
terminal  arcs  with  their  cables  arc  on  the  inner  faces,  and 
the  shafting  and  switches  are  on  the  outer  faces  of  each 
pair.  Pairs  of  panels  arc  assembled  to  the  required  number, 
parallel  to  each  other  and  crosswise  to  the  room,  to  obtain 
good  illumination  and  to  facilitate  the  arrangement  of 
cabling. 

Fifteen  line  finders  arc  mounted  in  each  b.iy.  As  the 
average  traffic  is  such  as  to  require  lo  finders  for  each 
group  of  6o  lines,  the  upper  lo  finders  of  each  bay  arc 
multiplcd  together  and  a  connecting  rack  at  the  top  to 
serve  a  group  of  6o  lines  ;  the  upper  to  tinders  of  the 
adjacent  bay  are  similarly  multipled  together  and  serve 
another  group  of  f>o  lines,  while  the  lower  hve  of  the  two 
adjacent  bays  are  .also  multipled  together  and  so  serve 
a  group  of  (Kt  lines.  The  point  at  which  the  multipling  is 
discontinued  in  any  hay  can  be  varied  to  suit  the  traffic  of 
the  particular  line  or  trunk  group — that  is,  in  cases  of 
groups  of  lines  having  a  lower  calling  rate,  a  single  bay 
may  be  divided  so  as  to  furnish  two  groups  of  seven  and 
eight,  or  one  group  of  five  and  one  of  ten.  In  the  case  of 
groups  of  lines  having  exceptu)nally  high  calling  r.ites,  the 
entire  bay  of  15  finders  may  1k'  assigned  to  the  single 
group  of  line*. 

r  for  driving  the  group  of  bays  asscmbUMl  in 
'^^  placed  in  line  is   located   l>ct»ecn  the  panels 

(Kig.  IQ)  ;  It  drives  the  horizontal  shafting  through  an  en- 
cIcMod  %clf  oiling  bronze  worm  gear.  The  horizontal  shafting 
1%  carrird  in  ad|uslablc  ball  bearings  and  is  connected  with 
the  gear  sliafl  of  the  worm  gear  bv  flexible  couplings  to 
en»urc  freedom  from  friction  through  an  imperfect  align- 
""  '  ■iiection  o(  the  shaft  to  one 

'■  •'  interrupting  tlic  opci.ition 

"'  '      I ''e  »eilital  shafts  arc  lariicd  in  bear- 

•   •  !••■  and  rest  upon  roller  tin  list  bearings 


The  relays  which  control  the  selectors  arc  mounted  in 
racks  (Fig.  20I  at  the  ends  of  the  panels,  the  frames  Injing 
entirely  independent  to  avoid  mechanical  vibration. 

A  J   h.p.  enclosed  motor    is   employed,  wound  for   220 
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volts  and  running  at  i.ioo  r.p.m.  The  common  hon/cMital 
sh.afi  makes  X2  r.p.m.,  the  individual  shafts  of  the  finders 
and  group  selectors  make  2H  r.p.m.  The  line  tinders  thus 
are  driven  over  tcrininals  at  the  rate  of  io  terminals  f>cr 
second  ;  the  trip  spindles  of  the  group-choosing  selectors 
Jwliich    transmit    impulses   to   the   controlling   apparatus) 
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send  12  impulses  per  second  ;  the  brushes  are  driven 'over 
the  idle  trunks  for  trunk-seeking  at  20  per  second.  The 
final  switches,  for  the  reason  that  the  selection  of  the 
wanted  line  mav  be  performed  over  long  junctions,  is 
driven  at  a  slightly  lower  speed,  namely  20  r.p.m.,  and 
eight  impulses  per  second  for  the  trip  spindle  and  14  lines 
per  second  for  the  line  selection.  It  will  be  apparent  that 
since  the  selection  by  the  switch  is  controlled  by  means  of 
the  impulses  which  the  switcli  delivers  to  the  distant 
quick-acting  controlling  mechanism,  the  speed  of  any  bay 
of  switches  may  be  reduced  to  any  desired  extent  by 
the  expedient  of  supplying  proper  gears  and  so  may 
be  given  ample  margin  for  operation  over  trunks  of  high 
resistance  or  of  great  capacity,  or  any  other  conditions 
which  make  the  operation  at  maximum  speed  difficult. 

The  bay  of  selectors  carries  a  group  of  11  ;  but  the  traffic 
in  the  exchange  here  in  view  is  such  that  the  bay  ordin- 
arily requires  equipment  of  only  10  machines.  For  groups 
of  subscribers'  lines  which  receive  relatively  few  calls, 
a  single  bay  of  final  switches  suffices ;  for  those  that 
receive  heavier  traffic,  two  or  more  bays  are  multipled 
together  at  the  upper  terminal  blocks  and  may  be  equipped 
with  any  number  of  brush  frames — movable  terminals — 
required  within  the  capacity  of  the  bays. 

In  the  case  of  the  second  line  finders  and  of  the  trunk 
group  switches,  a  large  number  of  bays  are  multipled 
together,  dependent  upon  the  amount  of  traffic  which 
the  entire  group  of  switches  is  called  upon  to  serve.  Since 
the  traffic  into  different  groups  of  lines  is  different,  the 
numbers  of  multiples  required  likewise  vary  ;  and  similarly, 
as  for  example  in  the  rows  of  tlie  first  group  switches 
which  pass  a  relatively  light  traffic  to  special  operators' 
positions,  the  multiple  in  the  particular  rows  of  terminals 
leading  to  these  desks  may  be  extended  througliout  the 
entire  number  of  switches.  The  trunk  groups  are  graded 
— that  is,  the  terminals  occurring  in  the  first  part  of  the 
row  are  multipled  fewer  times  than  those  further  along 
in  the  row,  in  order  that  smaller  trunk  groups  may  be  con- 
veniently accessible,  while  the  less  accessible  trunks,  which 
are  tested  later  and  are  less  frequently  taken  up  by  any 
given  machine,  are  more  extensively  multipled.  The 
multiple  is  also  "slipped"  or  connected  in  rotation  to 
equalize  the  traffic  amongst  different  switches.  The  trans- 
positions to  prevent  cross-talk,  the  grading  and  slipping  of 
the  multiple  are  provided  for  in  the  horizontal  cables  at 
the  tops  of  the  bays. 

The  main  and  intermediate  distributing  frames,  line  and 
cut-oft"  relays  and  service  meters  are  much  like  those  used 
in  manual  central-battery  equipments — the  difference  being 
in  details  of  winding  in  the  relays  and  meters  and  of 
terminals  on  the  frames.  The  cabling  is,  however,  some- 
what different.  The  line  finders  are  cabled  from  the 
intermediate  distributing  frames  in  order  that  the  in- 
coming traffic  may  be  distributed  amongst  the  bays  of 
line  finders  as  required,  for  equalizing  the  volume  of 
traffic  and  adjusting  it  to  the  capacity  of  the  groups 
of  finders,  or  for  bringing  the  incoming  calls  to  particular 
operators'  positions,  or  special  groups  of  mechanism.  The 
final  switches  are  cabled  to  the  main  distributing  frame. 
Since  the  numerical  order  of  the  lines  in  the  final 
switches  must  be  preserved,  the  traffic  cannot  be  dis- 
tributed amongst  these  switches,  and  the  number  of 
machines  serving  each  group  of  200  lines  must  be  roughly 


adjusted  to  the  traffic  in  the  group.  All  cables  are  carried 
overhead  in  suspended  cable  supports,  and  so  far  as  possible 
are  carried  centrally  over  the  switch  frames,  separating 
into  groups  of  horizontal  cables,  passing  to  right  and  left 
over  the  panels  and  dropping  down  to  the  particular  bays. 
Cables  run  also  from  the  sequence  switches  and  brush 
terminals  of  the  machine  switches,  which  pass  vertically 
up  the  bays,  horizontall}-  along  the  channels  at  the  tops  of 
the  bavs,  and  are  gathered  into  groups  which  run  to  the 
multipled  terminals  in  the  adjacent  switch  racks. 

The  operating  current  for  the  controlling  magnets  and 
for  the  telephonic  transmission  system  is  taken  from  a 
stoi'age  batterv  of  25  cells.  The  battery  is  charged  from 
either  of  two  charging  motor-generator  sets,  of  which  the 
charging  side  delivers  current  at  69  volts,  while  the  motor 
side  takes  current  at  220  volts.  Provision  is  made  for 
keeping  the  working  voltage  of  the  battery  between  44 
and  52  volts.  Ringing  current  is  supplied  from  ringing 
dynamotors  driven  from  the  power-supply  mains.  The 
driving  motors  for  the  machine  switches  are  ordinarily 
directly  connected  with  the  supph'  mains  of  220  volts. 
There  is  a  reserve  set  which  upon  failure  of  the  supply 
mains  is  automatically  put  into  action,  taking  current  on 
its  motor  side  from  the  storage  battery  and  delivering 
it  at  220  volts  to  the  switch  motors.  Thus  any  inter- 
ruption of  the  main  source  of  supply  causes  no  interrup- 
tion of  operation  in  the  exchange.  The  storage  battery  is 
capable  of  maintaining  the  entire  load  of  the  exchange  for 
48  hours.  The  power  switchboard  consists  of  marble 
panels  carrying  the  switches  and  rheostat  handles  for 
controlling  the  charging  and  ringing  motor-generators, 
switches  for  charging  and  discharging  the  batteries,  regu- 
lating end  cells,  automatic  overload  circuit  breakers,  and 
an  automatic  switch  operated  upon  the  failure  of  current 
in  the  motor  supply  mains  to  put  the  reserve  motor- 
generator  into  operation. 

In  an  adjacent  room  are  placed  the  operators'  tables, 
30  in  number,  and  arranged  in  two  rows.  Twenty-six 
are  equipped  for  operation.  Each  table  accommodates 
one  operator  :  21  trunks  arc  assigned  to  each  position — to 
permit  each  operator  to  make  and  supervise  connections  in 
that  number  as  a  present  maximum,  with  a  capacity  of  30. 
Each  trunk  is  represented  before  the  operator  in  four 
lamps,  of  vi'hich  one  indicates  an  arriving  call,  two  are 
supervisory  lamps,  and  one  is  a  ringing  signal. 

The  keyboard  of  each  operator's  position  contains  a 
group  of  press-button  keys  numbered  with  the  digits — 
a  strip  of  10  keys  (10  digits)  for  each  numerical  order  in 
the  system  of  subscribers'  numbers,  together  with  a  key 
for  each  office  name  and  special  service,  such  as  toll 
telegraph,  information.  These  keys  are  constructed  for 
easy  operation,  with  a  long  stroke  to  avoid  accidental 
operation,  and  with  a  magnet  which  holds  fully  depressed 
keys  for  a  moment  to  prevent  a  too  brief  depression.  For 
each  position  there  are  two  groups  of  numerical  registers, 
each  of  which  is  in  fact  a  sequence  switch,  one  for  each 
order  of  digits  and  of  offices.  The  motor  magnet  and 
contacts  of  the  register  are  so  connected  with  the  corre- 
sponding digit  keys  that  the  pressure  of  any  digit  puts  the 
corresponding  register  into  motion,  causing  it  to  rotate 
until  a  circuit  is  closed  between  the  depressed  key  and 
a  particular  set  of  switch  springs  of  the  register  occupy- 
ing the  numbered  position  corresponding  to  the  depressed 
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kcrs,  when  the  rcgidcr  stops,  so  preserving  a  record  of  the 
li  !   key.     Immediately  after  the  registers  t.ike  the 

;  ndicated    by   the   keys,   the    ma);ncls    holding 

tlic  U!lt!  are  dc-cncrgizcd,  an  idle  register  set  is  asso- 
ctjTrr!  wtlh  the  kfvs.  and  the  buttons  arc  restored 
1  <-■«  for  another  call.      The 

f  _^  1  a  second      Kach   group  of 

registers  in  the  semi-automatic  portion  of  I  he  equipment 
is  connected  u-ith  a  mechanism  composed  of  rilays  which 
receives  the  reverting  impulses  from  the  selecting  >witchcs, 
counts  them  up  to  the  number  recorded  on  the  register, 
and  thereupon  opens  the  circuit  through  the  moving 
switch  and  stops  the  latter  in  the  chosen  position.  The 
switch,  as  before  explained,  then  seeks  an  idle  trunk  in 
the  group,  during  which  time  the  registers  remain  inert, 
giving  ample  lime  for  searching  over  any  number  of 
trunks  or  for  repeatedly  testing  the  same  trunks.  When 
the  idle  trunk  is  found  and  taken  the  next  order  of 
registers  is  put  into  action  and  chooses  the  succeeding 
group  of  trunks.  Since  the  final  switch  contains  two 
groups  of  too  lines  each,  the  preceding  group  selector 
choo^4.■s  one  of  lo  groups  of  trunks  each  leading  to  200 
line*  and  collectively  to  2,<x)o,  and  the  switch  preceding 
t  -s  one  of  10  groups  of  2.000  lines  to  the  total 

!<  :    20,000.      The   register   for    the   units   has   20 

fKisiuons  and  the  counting  relays  for  the  units  are  20  in 
number  :  the  register  of  100' s,  according  to  whether  it  is 
set  to  the  even  or  the  odd  hundred,  cither  causes  the 
breaking  of  the  circuit  controlling  the  switch  motor  at  the 
desired  unit  digit  during  the  first  10  impulses  returned  by 
the  final  switch  (if  the  required  number  falls  in  the  first 
vertical  half  of  the  terminal  field)  or  withholds  the  opera- 
tion during  the  passage  of  the  switch  over  the  first  half  of 
the  arc  and  produces  the  same  result  when  passing  ovei 
the  digit  in  the  second  half  of  the  arc,  in  case  the  second 
hundred  of  the  group  contains  the  required  number. 
This  contrivance  is  known  as  the  "  translating  system." 

The  operator  has  for  each  cord  a  listening  key  with 
which  she  may  connect  the  telephone  into  the  cord  or 
junction  circuit  as  in  manual  pr.ictice,  a  metering  key 
which  operates  the  subscrilH:r's  iness;igc  register,  and  at 
the  same  time  brings  al>out  disconnection,  a  common  kev 
for  holding  a  selection  in  progress,  a  common  key  for 
ringing  the  calling  party,  and  a  key  for  holding  a  faulty 
junction.  Kach  three  adjacent  operators'  tables  comprise 
junctions  leading  to  iiccond  line  finders  so  distributed 
over  the  arcs  containing  the  terminals  of  the  first  line 
finders  as  to  give  access  to  the  three  tables  from  all  lines 
in  the  exchange  up  tr>  10,000.  The  21  junctions  in  one 
tabic  lead  li>  M-cfind  line  findtrs  so  distributed  ;is  to  give 
•  i.ir  table,  under  the  initial  conditions, 

'  IS.     Thus  any  one  of  2,700  subscribers 

'  lie    a   call    which    may    p.iss    to    a    particular 

"1  all  the  subscribers  in  the  office  (initially  7,000) 

can  originate  calls  which  through  a  limited  number  of 
path«  nuy  reach  operators  at  three  adjacent  positions. 
F<«c  the  incoming  calU  the  opi-rating  team  is  10,  the 
'  '    liiliutcci  amongst  the  o|>erators 

111    be   passed   to  any   one   of    10 
'  may  l>c   free.      If   a  number  of 

■  c'-  of  the  particular  operator  it 
,:    with    c.ilU    in    such    large 
u  ..I  atisingfrom  such  chance 


distribution  are  slight  in  comparison  with  inequalities  in 
the  work  and  in  the  handling  time  resulting  from  other 
causes ;  and  they  are  conipinsated  lor  by  the  certain 
means  to  be  described  a  little  later. 

The  ability  ol  second  line  finders  connected  with  an 
operator's  table  to  search  for  and  take  arriving  calls  is 
determined  by  opening  or  closing  the  test  circuits  of  the 
second  line  finders  terminating  the  trunks  leading  to  a 
particular  position.  When  the  operator  is  absent  from 
her  position  and  her  telephone  plug  is  withdrawn  from 
the  position  jack  the  test  circuits  of  the  line  finders  lead- 
ing to  the  position  are  open  and  the  finders  do  not  take 
calls.  Similarly  when  the  operator  is  engaged  in  answer- 
ing a  call  or  in  lelephonically  supervising  a  trunk  circuit 
the  test  relays  are  disabled  and  idle  trunks  leading 
through  the  position  do  not  search  for  calls,  excepting 
under  certain  special  conditions. 

It  will  be  apparent  that  though  provision  is  made  for 
distribution  of  calls  amongst  the  positions  of  the  team, 
rushes  of  calls  will  nevertheless  occur  which  will  exceed 
the  capacity  of  the  team  of  operators  at  the  positions. 
The  calls  in  excess  of  those  which  can  be  distributed  one 
by  one  to  all  posilions  occupied  but  not  buNy  of  the  team, 
nevertheless,  are  permitted  to  pass  to  occupied  positions — 
even  though  thesj  may  b>e  busy  at  the  moment — where 
they  are  indicated  by  the  calling  lamps  and  thus  signify  to 
the  operators  and  to  the  monitors  the  neces.sity  for  speed- 
ing up  work  to  take  care  of  the  momentary  rush  or,  in 
case  some  positions  are  vacant,  for  adding  operators.  In 
order  that  the  excess  calls  so  passed  to  positions  may  not 
Ije  delavcd  undulv  or  kept  waiting  before  an  operator 
engaged  on  a  troublesome  call,  two  special  features  are 
employed  known  as  "limed  distribution  '  and  "helping 
out "  respectively. 

The  "  timed  distrilMition  "  consists  in  maintaining  the 
busy  test  of  the  operator's  position  for  a  measured  time 
after  the  passing  of  each  call  to  her  telephone,  and  in- 
creasing this  measured  time  progressively  for  second  and 
third  calls  passed  to  the  position  in  quick  succession. 
When  a  call  is  passed  to  an  operator's  position  the  pOMtion 
is  made  busy  for  three  seconds,  which  period — together 
with  the  time  required  by  the  mechanism  itself  to  scir.e 
and  pass  to  the  telephone  another  cjill— cover  the  average 
handling  time  for  the  c.ill.  .\fter  the  arrival  of  a  first  call 
therefore  immediately  succeeding  calls  must  pass  to  other 
positions.  During  normal  loads  some  position  usually  will  be 
idle  to  take  the  call.  A  call  .arriving  while  all  fwsitions  are 
busy  will  be  taken  by  a  finder  of  some  position,  but  in  such 
a  case  the  timing  device  will  maintain  the  busy  condition 
for  five  seconds  instead  of  three;  for  that  juriod  dnecting 
other  excess  calls  to  other  positions.  Provision  is  made  for 
the  arri%al  of  a  thir<l  order  of  ciills,  though  such  calls  arc 
highly  improbable.     The  busy  jieriods  can  be  .adjusted. 

The  "  lielpingoiit '  feature  may  be  rcgarde<l  as  the 
equivalent  lo  a  certain  extent  for  the  arrangement  in  a 
manual  multiple  switchboard  by  which  an  operator  reaches 
over  and  .inswcrs  .1  call  at  a  neighbouring  operator's  posi- 
tion. It  consists  in  exteii'ling  the  ciicuits  of  theojierator's 
position  mechanism,  such  a»  telephone  number  keys  and 
registers,  to  the  ad|acenl  jiositionv  at  either  side,  under 
control  of  "helping-out  '  keys  by  which  the  arrangcinent 
can  l>c  thrown  into  or  out  of  service  at  will,  permitting  an 
operator   to  take  from  an  adjacent  position  oiu-  nr  iiioic 
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calls  which  are  waiting  instead  of  passing  to  the  telephone 
at  that  position.  Thus  any  operator  momentarily  free  and 
observing  an  unattended  call  at  either  of  her  neighbours' 
positions  may,  by  operating  the  helping-out  key,  take  over 
the  call,  receive  the  order,  and  perform  the  numerical 
selection  ;  or  during  periods  when  some  positions  are  idle 
a  monitor  may  by  plugging  into  the  telephone  jack  at  an 
idle  position  take  over  a  waiting  call  from  a  neighbouring 
position. 

A  limited  number  of  lines,  about  200  initially,  are 
arranged  for  trying  "full-automatic  operation,"  the  sub- 
scriber's station  being  equipped  with  a  dial-number  trans- 
mitter. These  full  automatic  lines  are  multipled  upon 
first  line  tinders,  which  arc  in  turn  represented  in  special 
second  line  liiiders  and  trunk  circuits  which  differ  in 
certain  particulars  from  those  appearing  before  operators 
and  adapted  for  semi-automatic  operation.  The  registers, 
generally,  of  the  same  form  as  those  of  the  operator's 
equipment,  are  arranged  to  be  set  step-by-step  by  impulses 
from  the  subscriber's  dial ;  they  are  not  associated  with 
counting  relays,  but  are  themselves  moved  around  step-by- 
step  by  the  impulses  returned  by  the  selecting  switches  to 
the  zero  position  at  which  the  selection  is  completed.  .The 
number  chosen  by  the  register  is  thus  the  complement  of 
that  sent  by  the  subscriber.  It  will  be  unnecessary  to 
describe  in  detail  the  manner  of  operating  the  full  auto- 
matic equipment  further  since  reference  may  be  made  to 
a  description  *  of  the  full  automatic  exchange  operated  by 
the  British  Post  Office  at  Dudley.  The  trunk  circuits  in 
which  the  second  line  finders  terminate  are  of  the  same 
character  and  have  the  same  mode  of  operation  as  those 
provided  for  the  operators,  excepting  that  those  circuit 
arrangements  and  appliances  are  omitted  which  serve  for 
passing  the  call  to  the  operator,  for  displaying  the  signals 
before  the  operator,  and  for  releasing  the  connection  bv 
the  operator.  The  release  is  brought  about  by  the  re- 
placement of  the  receiver  at  the  calling  station,  a  simple 
alteration  in  the  circuit  being  arranged  for  permitting  the 
conversion  of  any  of  the  trunk  circuits  at  the  operator's 
position  for  automatic  release  by  the  subscriber  if  desired. 
The  trunk  circuits  operated  by  the  subscriber's  dial  perform 
selections  and  other  operations  through  the  same  machine 
switches  which  serve  the  operator's  trunk  circuits. 

Toll  Trunk. 

The  office  in  question  is  the  centre  of  an  important  toll 
traffic  which  is  provided  for  in  the  usual  manual  toll  and 
recording  positions.  The  switching  of  calls  from  lines 
demanding  toll  connections  and  of  calls  for  lines  of  the 
automatic  equipment  are  performed  by  machine  switches. 
A  call  originating  for  a  toll  line  is  disposed  of  by  the 
operator  by  pressing  a  special  toll  kej'  w'hich  directs  the 
call  at  the  first  group  selector  into  a  group  of  trunks  lead- 
ing to  a  recording  position,  where  the  recording  operator 
notes  the  numbers  of  the  called  and  of  the  calling  parties  ; 
or  by  the  operation  of  the  dial  by  the  full  automatic  sub- 
scriber which  sets  the  register  to  a  special  position  and  so 
directs  the  call  to  the  same  group  of  trunks  to  recording 
operators.  Provision  is  made  for  the  automatic  prevention 
of  metering  calls  to  the  recording  operator. 

•  B.  O.  Axsox  :  "  Western  Electric  Company's  Automatic  Svstem.* 
Paper  read  before  the  Institution  of  Post  Office  Electrical  Engineers, 
4  December,  1916. 


The  toll  operator  upon  obtaining  the  required  toll  con- 
nection establishes  connections  with  the  subscriber's  line 
through  the  machine-switching  apparatus.  Each  of  the 
toll  positions — 20  in  number — is  furnished  with  numerical 
keys  like  those  of  tlie  semi-automatic  operator,  connected 
however  with  a  single  set  of  registering  relays.  One 
hundred  toll  switching  trunks  are  furnished,  which  api)ear 
multipled  in  the  toll  positions  in  jacks  and  busy  lamps. 
The  manual  cord  circuit  is  of  the  "  universal  "  variety  and 
is  used  by  the  operator  for  establishing  "through  "  con- 
nections as  well  as  for  toll-to-local  connections.  When  an 
operator  requiring  connection  with  a  local  subscriber 
'  inserts  the  plug  into  the  jack  of  a  free  toll-switching  trunk, 
the  group  of  number-selecting  keys  is  automatically 
associated  with  the  trunk  taken.  Each  trunk  ends  in  a 
first  group  selector  of  somewhat  special  character.  For 
the  purpose  of  avoiding  connection  of  the  toll-switching 
group  selector  with  the  general  multiple  cabling  of  the 
first  group  selectors,  the  toll  selectors  are  multipled 
amongst  themselves  only,  and  are  arranged  for  the  per- 
formance of  two  numerical  selections  and  a  trunk-seeking 
operation  in  the  same  selector,  thus  dispensing  with  the 
second  group  selector.  The  choice  of  the  brush  group  for 
the  required  row  of  trunks  is  performed  by  the  trip  spindle 
as  described.  The  outgoing  trunks  terminating  in  each 
row  are  divided  into  several  groups  of  three  and  four 
each  ;  the  switch  chooses  the  required  numerical  group  in 
the  row,  and  then  tests  over  the  trunks  in  the  group  for  a 
free  trunk.  The  trunks  in  each  small  group  lead  directly 
to  final  switches  which  are  of  special  character  for  the 
special  functions  of  toll  switching,  but  which  are  also 
available  for  local  switching.  The  toll  switching  final 
selectors  are  multipled  upon  the  second  group  switches 
accessible  to  the  semi-automatic  operators,  but  are 
placed  last  in  the  second  group  switches  in  order  that 
they  may  be  less  frequently  taken  up  for  local  service. 
The  sequence  switches  of  the  final  toll  switclies  are  set  to 
special  positions  when  selected  bj'  toll  switching  trunks,  in 
which  they  provide  certain  facilities  for  the  toll  operator. 
In  case  the  local  line  tested  is  free  the  initial  period  of 
ringing  current  is  applied  by  the  sequence  switch,  after 
which  the  sequence  switch  advances  further  to  a  position 
permitting  the  toll  operator  to  ring  again  if  required.  The 
supervisory  lamp  of  the  operator's  cord  circuit  is  placed 
under  the  control  of  the  called  party,  permitting  the  toll 
operator  to  follow  the  progress  of  the  connection. 

In  certain  other  plants  of  the  same  type  the  special 
positions  assumed  by  the  sequence  switch  when  the  final 
selector  is  taken  by  a  toll  switch  do  not  apply  the  ringing 
current  immediately,  but  provide  for  listening  upon  and 
if  desired  breaking  an  existing  local  conversation  and 
taking  the  line  wanted. 

When  the  same  final  selector  is  appropriated  by  a  second 
group  selector  in  the  progress  of  an  ordinary  local  con- 
nection the  sequence  switch  is  automatically  driven  over 
the  special  positions  and  the  switch  operates  like  the 
ordinary  final  selector. 

Traffic  between  Manual  .and  Machine-switching 
Systems. 

The  particular  exchange  equipment  above  described  is 
in  the  single  large  office  of  the   area;  conversion  of  the 
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area  to  automatic  working  takes  place  completely  with 
the  cutting  over  of  the  office.  When  the  machine-switching 
cquipmciil  is  in  one  office  of  a  multi-office  area,  special 
priivivion  is  required  for  pas>ing  calls  from  the  manual 
lo  tlic  automatic  etjiiipment,  and  from  the  automatic  to 
manual  equipments,  without  mipairing  the  telephonic 
service  or  reducing  the  efficiency  of  operation  of  the 
automatic  equipment. 

For  receiving  traffic  from  a  manual  office  to  lines  in  a 
machine-switching  equipment,  semi-automatic  positions 
arc  furnished  in  which  the  junctions  terminate  from  the 
manual  office.  These  junctions  may  as  desired  l>c  on  the 
ring-down  or  the  order-wire  basis.  If  operated  on  a 
rmg-down  b.isis,  as  will  be  found  suitable  for  a  number  of 
small  groups  of  trunks  with  light  traffic  from  small  offices, 
the  trunks  are  connected  with  relays  controlling  the  calling 
l.imps  in  the  operator's  desk.  If  the  traffic  be  very  light 
and  the  trunks  numerous,  it  is  desirable  to  collect  the 
traffic  from  a  considerable  number  ot  junctions  in  a 
relatively  few  circuits  in  the  position  bv  means  of  second 
line  tinders,  as  though  the  ring-down  junctions  were 
calling  subscribers'  lines.  In  the  c.ise  of  large  groups  of 
trunks  efficiently  used,  the  order-wire  method  of  passing 
the  call  is  desirable  and  conforms  in  a  large  number  of 
cases  with  exi>ting  arrangements  in  the  manual  boards. 
In  this  case  the  manual  junctions  are  led  into  the  operator's 
position  and  arc  connected  permanenllv  each  with  a  first 
group  selector.  The  operators  keyboard  contains  keys 
(termed  "assignment  keys")  one  for  each  junction,  which 
when  operated  brings  about  the  connection  of  the 
operator's  registers  and  number-keys  with  the  particular 
lunction.  The  openitor  upon  receiving  an  order  for  a 
u. lilted  party  in  the  automatic  office  selects  an  idle 
;.;.-..  tion  in  her  position,  designates  it  by  number  to  the 
ordering  operator  (who  plugs  into  it  at  the  outgoing  end) 
.'Hid  depresses  the  keys  of  the  number  called  for.  The 
;crs  take  the  positions  corresponding  with  the  number 
...■-!..(l,  release  the  numerical  keys,  and  perform  the 
mechanical  selection  of  the  wanted  line.  Supervision 
remains  in  the  manu-al  bo.ard  as  usual.  Disconnection 
takes  place  automatically  when  the  plug  is  withdrawn  at 
the  outgoing  terminal  of  the  junction  in  the  manual 
hoard. 

The  service  at  the  incoming  semi-automatic  terminal 
of  the  junction  is  surprisingly  accurate  and  prompt  ;  the 
calls  arc  disposed  of  with  such  swiftness  as  lo  reduce  the 
drag  of  the  "  H  "  operator  upon  the  "  A  "  operator  while 
permitting  the  carrying  of  a  substantially  increased  load 
by  the  "  H"  operator. 

Parsing  traffic  from  a  machine-switching  office  (whether 

iii.itic  ur   full-automatic)   to  a   manual   ofjice   is 

1   with  the  aid   of    a   numberindicating  device 

l>cfuiL    tlic  incoming   junction   operator    in    the    manual 

oflicc,  which  reproduces  liefore  the  operator  visually  the 

number  Mored   in    the   registers    by   the   semi-automatic 

operator  or  by  the  subscril>cr.     The  switching  apparatus 

perform*  iU  Kicctions  within  the  machine-switching  office 

quite  in  the  ordinary  manner,  and  in  due  course  selects 

an  idle  junction  lo  the  ni.inual  office  ;  the  taking  of  the 

a  signal  l,imp  to  light  associated  with  the 

it  the    jutiriinn  at   the  manual  tiffice.  and 

lo  attach   to  the  junction  a 

IS,  one    for   each    numerical 


order  represented  in  the  number  to  be  indicated.  These 
registers  operate  consecutively,  delivering  impulses  of 
current  to  the  primary  registers  in  the  machine-switching 
office  precisely  as  trip  spindles  would  in  selecting  brushes. 
The  secondary  registers  of  the  call  indicator  are  thus 
set  to  positions  corresponding  to  the  numbers  first  stored 
in  the  registers.  The  action  of  the  non-decimal  trans- 
lating mechanism  is  suspended,  the  number  recorded  in 
the  call-indicator  register  being  the  decimal.  Before 
each  "B"  operator  is  placed  an  indicating  appliance 
composed  of  sm.^U  lamps  placed  behind  stencilled  numbers 
beiicalli  a  ground-glass  plate.  When  the  indicator  registers 
have  taken  position,  combinations  of  circuits  are  closed 
which  cause  the  lighting  of  the  lamp  beneath  the  figure 
to  be  indicated  for  each  order  of  numerals,  displaying  the 
number  plainly  before  the  incoming  junction  operator  : 
she  thus  observes  simultaneously  the  identifying  lamp  of 
the  junction  carrying  the  call  and  the  number  wanted. 
Upon  inserting  the  terminal  plug  into  the  jack  of  the 
wanted  line  the  indication  is  effaced  and  the  registers 
and  indicator  are  freed  to  take  other  calls.  This  means 
of  p.assiiig  calls  is  substantially  more  accurate  and  prompt 
than  the  method  of  telephonic  ordering  commonly 
employed. 

Tki.ki'hoxk    Skkvice    IX    Machixk-switchixg 
Systems. 

The  benclils  derivable  from  the  substitution  of  machines 
for  operators  and  manual-switching  apparatus  are  of  three 
principal  sorts  :  improvements  in  service,  ecenomics,  and 
freedom  in  development. 

The  user  of  the  telephone  is  interested  in  the  accuracy 
and  proinptness  with  which  switching  is  performed  and 
in  the  constant  availability  of  his  individu.al  equipment, 
and  he  obtains,  from  machine  switching,  gains  in  these 
particulars  which  are  definite  and  substantial.  In  manual 
switchboards,  the  errors  in  switching  may  range  from  a 

I  minimum  of  about  2'5  per  cent  to  above  5  per  cent, 
dependent  on  whether  junction-working  is  involved.     In 

.  machine-switching  systems  they  may  be  brought  readily 
to  a  daily  average  ofi  per  cent,  and  in  certain  equipments 
have  ranged  about  o'25  per  cent  and  as  low  as  01  per  cent. 

'  In  semi-automatic  operating,  the  operator  easily  attains 
the  same  skill  in  manipulating  keys  .is  in  typing,  and  her 
errors  become  negligible.  A  mech.111ic.1l  equipment  in 
good  order  will  perform  thousands  of  selections  without 
error.  Both  sources  of  error  arc  independent  of  junction 
working. 

'  The  promptness  of  switching  in  the  full  .mtomatic 
system  leaves  little  to  be  desired  by  the  user.  The 
ringing  of  the  bell  at  the  wanted  station  begins  practi- 
cally as  soon  as  the  chilling  party  completes  dialling  the 
number.      In   systems   with   operators,    the   delay   which 

'    ordinarily  impresses  the   subscribers   is   tliat  in  reaching 

j    the   operator   to   give   his    number  ;    and    the   quality   of 

I  service  is  judged  by  the  percentage  of  occasional  long 
delays,  as  well  as  by  the  average  lime  of  response.     The 

I  stand.ird  for  service  in  manual  exch.ingcs  generally 
accepted  has  already  been  referred  to — the  average 
response  for  the  number  is  j'j  seconds  after  the  subscriber 
takes  the  telephone  with   no  more  than  5  per  cent  delays 

;    exceeding  10  seconds. 
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The  table  shows  the  times  for  answers  measured  from 

taking  the  telephone  (or  callingl  to  the  answering  operator's 
response  : 


Data  for  direct  comparison  of  the  time  of  connecting 
for  the  same  subscribers'  lines  by  manual  and  by  machine 
switches   is    at  hand   for   only   one   oftice,    I,   located   in 


Atisu'ering  limes,  ai'erage. 


Manual  central  battery,  standard 
Manual  central  battery,  heavy  load, 
Semi-automatic  system,  ''  I  "     ... 
Semi-automatic  system,  "J"     ... 


M' 


45 

2'2 


Seconds... 
Manual  standard 
Manual  C.B.,  •'  M  " 
Semi-automatic,  "  I ' 
Serai-automatic,  "  J 


Percentages  of  answers  in  different  times. 
234567 


l°/n 

10  7b 
6S% 

iS% 

69% 

84' 


76% 

86% 

— 

97% 

— 

99% 

91% 

95% 

97% 

98' 


96  ' 

100 
99'3  ' 


¥.  — 


10  Longest 

95%  - 

98  %      26  sec. 

8    „ 
100  %        9-2  „ 


The  time  of  operator's  response  is  perhaps  not  the  most 
significant  measure  of  the  efficienc}-  of  switching,  notwith- 
standing the  subscriber's  proneness  to  form  judgment  on 
that  basis.  Another  measure  is  the  time  from  initiating  the 
call  to  the  beginning  of  ringing  the  bell  at  the  wanted 
station.  Within  this  period  there  is  no  delav  which  is  not 
directly  dependent  upon  the  operator  and  the  apparatus 
except  the  drag  of  the  subscriber  in  giving  his  order,  which 
ordinarily  is  not  a  large  factor. 

Time  from  initiating  call  to  ringing  hell  of  called  station. 

Seconds 
I  average) 

Manual  C.B.  exchange,  "  M,"  best  performance     103 
Manual  C.B.  exchange  "  M,"  heavy  load 

Manual  C.B.  100%  junction  calls 

Semi-automatic,"!'' 
Semi-automatic,"]" 
Full  automatic,  "  H  "  8-5 


France.  The  replaced  equipment  was  a  magneto  board  ; 
the  replacing  equipment  a  Western  Electric  semi-auto- 
matic machine  system.  The  measured  times  run  from 
the  moment  of  the  operator's  answer — the  insertion  of  the 
plug  in  the  one  case,  the  passing  of  the  call  to  the  tele- 
phone in  the  other — to  the  beginning  of  ringing.  This 
data  is  presented  in  Fig.  21  in  the  form  of  two  curves, 
showing  the  times  required  for  completing  different  per- 
centages of  connections.  In  the  machine  equipment,  the 
average  time  is  about  half  that  formerly  experienced,  and 
95  per  cent  of  the  connections  are  made  in  one-fourth  the 
former  time,  the  maximum  time  being  only  one-fifth  of  the 
former  maximum. 

The  shorter  time  noted  in  the  above  table  for  the  full 
automatic  system  is  due  to  the  omission  of  the  time  wait- 
ing for  the  operator.  Otherwise  the  time  for  getting  con- 
nection in  a  self-contained  office  is  not  largely  different  in 
manual  and  in  machine-switching  svstems.    In  multi-office 


160 


30         40         50      ^  60         10 

Percentag'e    of   connecCions 

Fig.  21. — Time  forjmaking  connection  expressed  in  percentages  of  connections  in  different  periods. 
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arca>,  however,  with  a  considerable  percentage  of  junction 
calN,  worlcinp  throuf;li  second  operators  adds  largely  to 
the  time  occupied  in  manual  switching,  but  adds  nothing 

:>  of  the  quality  of  service 
ic-jwiii-iiing  equipments  is  given  for 
I  .11-7.     The  otiice  S  is  one  of  the  largest, 

most  imponant.  and  best  operated  manual  equipments. 


Tabi.k 

7- 

Camf^anscn 

of  i^Utl 

i/i/v  0/  SefTice. 

Office 

"S" 

'■]■■ 

"I" 

"  A  ■'  operator — 

Calls  obscrTcd 

... 

7S5 

700 

200 

Time  to  answer 

*■• 

33  sec- 

22  sec. 

J- 1  sec. 

Time  to  disconnect,  av 

erage 

3  9    .. 

oq     „ 

— 

„         maximum 

— 

43    .. 

— 

minimum 

— 

02    „ 

— 

Cut-oflfs          

... 

0-8  % 

0 

0 

Connections  to  vkTong 

lines 

2  % 

0 

•  % 

Double  connections... 

1-6  ^ 

0 

0 

Total  errors,  local    ... 

4"4  '- 

0 

>  % 

"  B  "  operator- 

Calls  observed 

... 

464 

— 

— 

Cut-off>          

... 

0% 

— 

— 

Conneclion>  to  wrong 

lines 

37  %* 

— 

— 

Double  connections... 

... 

'•3% 

— 

— 

IO-8  7  % 

4  3  % 

1-8%  - 

8'5  sec.  io'4  sec. 


Total  at  "  B  •■  board 5     % 

ToUl  for  both  "  A  •  and  "  B  " 

operators  ...  ...     94  % 

Calls  not  completed  ...   17-2  % 

..     busy      12-4  % 

„     no  answer        oq  % 

cd       1-8  % 

Pen  rig  called  party     — % 

Time  from  operator's  answer 
to  called  party's  answer — 

lx>cal 19-4  sec.    ij'i     „     19 

Trunk 297    ,,        —  — 

Calls  affected  by  poor  plant     o  %  o  o 

Calls  with  supervision        ...  207  %        3*4  %        '8  % 
•  Excluding  wmnj;  <irdcr». 

The  "  cut-off » '■  in  manual  boards  are  well  known  to  be 
due  to  the  accidental  withdrawing  of  plugs  ;  the  per- 
cenl  i;j  f.r  office  S  is  rather  lower  than  normal.  No 
(  iig  interference  takes  place  in  the  mcch.-inical 

CH-.'i  ;-.      Connections   to   wrong   lines  are   common 

in   large   multiples   by   reason    of    indistinct    or    effaced 
"       '  or   of   error    1  ng   the   j.ick    at   arm's 

t  ■■  double  conip  ult  from  simultaneous 

I  I.I   lailurc  to  recognize  the 

'  faults    h.is    developed    in 

■''  '  s  01    types    I    and   J— some  tens  of 

lavc  failed   to   produce   double   con- 

•lons  made  by  the  "  B"  operator  to  the  wrong 
•I  part  due  to  crror»  in  pasNing  the  number. 
'    '  ling   to   those   of    the   "B' 

inC'SWitchiiig  c<|uiptncnts. 


I 
ncclion*. 


The  item  "  Calls  affected  by  poor  maintenance "  de- 
scribes faulty  connections,  errors  or  failures  due  to  causes 
traceable  to  mech.inical  defects  in  the  switchboard.  The 
office  S  is  unusu.'illy  well  m.iintained  :  the  correspond- 
ing percentage  of  error  in  the  office  Nf  w.is  2  per  cent. 

The  data  covering  the  percentage  of  connections 
supervised  must  be  explained.  In  offices  S  and  I  all 
connections  are  supcr\'ised  with  the  telephone.  The 
percentage  given  for  ofticc  S  covers  calls  supervised  for 
disconnection,  and  includes  attempts  to  recall,  busv  and 
"  don't  answer "  calls,  but  not  operator's  errors.  The 
percentage  for  office  I  covers  all  cases  of  supervision 
required  for  irregularities,  including  recalls,  busy,  don't 
answer,  errors  and  subscribers'  flashing  for  attention. 
Office  J  is  operated  under  an  instruction  to  supervise 
only  when  required  :  the  percentage  covers  all  cases  of 
operator's  and  subscriber's  errors  and  recall  signals  by  the 
subscriber,  together  with  failures  to  answer  the  ringing 
signal  in  a  reasonable  time  and  failure  to  give  up  the  call 
on  the  busy  signal  within  reasonable  time.  It  may  be 
correctly  taken  as  indicating  a  high  quality  of  serWce 
requiring  little  supervision. 

A  third  improvement  in  service  of  marked  value,  but 
obscure  origin,  is  that  before  referred  to  as  an  increase  in 
the  availability  of  the  subscribers'  lines.  The  duration 
of  a  connection  is  noticeably  less  in  machine-switching 
systems. 

Duration  of  connection. 

Secondt 

Manual  magneto,  accepted  average  ...         ...  180 

Manual  magneto,  office  I         ...         175 

Manual,  C.B.,  .accepted  average        ...         ...  120 

Full  automatic,  Strowgcr         ...         ...         ...  83 

Full  automatic,  "  H  "    ...         112 

Semi-automatic,  "  I  "  calling  line       102 

„  „         called  line         97 

Semi-automatic,  "J"     (x) 

It  is  notable  that  at  office  I,  where  accurate  observa- 
tions were  made  of  duration  before  and  after  the  installa- 
tion, the  change  brought  the  holding  time  down  from  175 
seconds  to  102  seconds — or,  if  the  occupied  times  of  the 
pair  of  lines  be  taken,  from  a  total  of  332  seconds  to  199 
seconds,  a  reduction  amounting  to  40  per  cent,  and  result- 
ing  in  more  than  proportional  increase  in  the  availability 
of  the  line  and  decrease  in  the  percentage  of  busy  calls. 

The  more  obvious  economies  offered  by  machine  switch- 
ing are  in  operating  and  sfipervising  forces  and  in  plant. 
The  possible  net  savings  in  operating  arc  still  subjects  of 
controversy,  which,  however,  is  in  a  fair  way  to  settlement 
by  reason  of  the  increasing  volume  of  reliable  data  ;  while 
the  savings  in  plant  which  might  be  made  are  still  some- 
what speculative,  no  complete  devclopnunl  plan  having 
been  carried  out  wholly  on  the  most  promising  ariatigc- 
ments  permitted  by  the  use  of  nucliine  switches  and 
distant  control. 

The  range  of  variation  in  w.ige»,  loitds  and  relief  forces 
for  opcratoni,  and  in  <ir»l  costs,  maintenance  costs,  and 
depreciation  of  machines,  is  such  that  a  judicious  choice  of 
factors  permits  a  demonstration  of  cither  gain  or  loss  in 
substituting  manual  bv  mtchaiileal  switching.  As  the 
range  is  narrowed  by  reasonable  assumption  and  practical 
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experience,  however,  the  case  seems  to  be  made  out  with 
increasing  margin  for  the  machine  switch. 

The  handhng  time  of  the  operator  per  connection  is  a 
very  significant  though  not  an  entirely  satisfactory  measure 
of  probable  operator's  loads  and  costs  of  operating,  for  the 
reason  that  it  is  definitely  measurable  and  comparable  in 
different  systems.  The  busy-hour  load  is,  however,  fairly 
indicated  by  dividing  the  seconds  per  hour  by  the  average 
seconds  of  handhng  time  per  call ;  the  discrepancies  pro- 
duced by  that  process  are  not  so  great  in  the  case  of  semi- 
automatic as  in  manual  switching.  The  two  mam  influences 
which  restrict  the  raising  of  loads  in  manual  working — the 
increasing  delay  to  the  subscriber  and  the  fatigue  of  the 
operator — are  greatly  reduced  in  automatic  working.  The 
calls  passed  to  an  operator  in  an  hour  by  reason  of  their 
greater  number  are  more  evenly  distributed  through  the 


occasional  short  periods  of  75  per  cent.  With  such  loads, 
the  operator  is  physically  and  mentally  busy.  In  semi- 
mechanical  operating,  an  operator  may  be  kept  occupied 
normally  75  per  cent  or  So  per  cent  of  the  hour,  with 
higher  percentages  on  occasion,  and  with  such  loads  is 
working  easily. 

Table  8  shows  :  operating  loads  actually  experienced  in 
several  exchanges,  together  with  loads  computed  from  the 
observed  data. 

The  office  M  probably  represents  the  best  perform- 
ance attained  in  a  standard  central-battery  manual  board  ; 
the  data  noted  were  obtained  during  a  special  test  to  ascer- 
tain the  maximum  operator's  load  and  the  effect  of  high 
loads  upon  promptness  of  service.  The  loads  given  are 
those  obtained  under  the  best  conditions  and  for  a  short 
period,  and  probably  could  not  be  maintained  indefinitely. 


Table  8. 
Loads  on  Operators. 


Observed  Handling  Time 
(sec.) 

Estimated  Load 

Observed  Load 

Junction 
Working 

Type 

1 

1 

% 

Connecting 
Only     - 

Connecting 
Supervising 

Occupied 

Time 

% 

1 

Day  Load 

Busy  Hour 
Load 

Busy 
Hour 
Aver. 

Maximum 
Hour 

Occupied 
Time 

Manual  Switchboard — 

Standard           

0 

— 

10-25 

6S 

230 

245 

— 





Standard          

100 

— 

iS"3o 

65 

150 

160 







Ofi^ce  M           

0 

— 

7'So 

^5 

312 

■358 

405 

84 

"  Kevless"  N 

0 

— 

8-64 

6S 

270 

290 

G.P.b 

0 

7-20 

11-50 

65 

200 

— 





G.P.O 

100 

II'OO 

1650 

6S 



140 







Call   distribution   "  L  " 

0 

S'90 

— 

347 

— 

57 

Machine  switcliing — 

Manual  answering      ... 

O-IOO 

— 

636 

70 

— 

400 

358 

— 



Automatic  answering. . . 

O-IOO 

— 

— 

— 

— 

— 



Office  F            

— 

6-21          '            — 

75 

400 

435 

400 

600 

— 

„       0           

— 

S'oo 

— 

75 

— 

500 

400 

550 

— 

„       P            

..     Q         

J,        ... 

so 

470 

— 

75 

— 

570 

540 

600 
550 

— 

— 

360 

3-70 

75 

— 

726 

— 

56 

„       I... 

— 

3'So 

4'SO 

75 

— 

600 

— 

,.      R         

— 

S'OO 

— 

75 

— 

540 

575 

— 



Incoming  junction     ... 

~ 

3'oo 

— 

75 

900 

600 

900 



time  ;  the  more  prompt  and  equable  distribution  of  the  calls 
amongst  the  operators  is  permitted  by  the  mechanism  and 
by  the  prompt  access  to  an  operator ;  and  finally,  the 
period  of  handling  is  so  short  that  delaying  one,  or  even 
several,  calls  while  the  preceding  one  is  being  served 
imposes  only  a  slight  absolute  delay. 

Whereas  in  manual  switching  the  long  handling  times 
made  the  restriction  of  the  operator's  load  necessary  in 
order  to  avoid  excessive  delay  in  answering  the  call,  it  will 
have  been  noted  in  Figs.  11  and  12  that  in  mechanical 
switching  the  operator  may  be  loaded  to  her  physical 
capacity  without  producing  delays  inconsistent  with  good 
service. 

The  other  factor  above  mentioned — the  fatigue  of  the 
operator— is  very  noticeably  less  in  machine-switching 
systems.  Accepted  manual  practice  has  favoured  keeping 
an  operator  occupied  about  60  per  cent:  of  the  hour,  with 

Vol.  55. 


The  office  N  exemplifies  the  improvements  resulting 
from  eliminating  as  far  as  possible  the  operation  of  ring- 
ing and  listening  keys  ;  the  sw-itching  operations  remain 
unchanged. 

For  the  office  L  the  work  of  the  subscribers'  operator 
only  is  given.  In  practice  her  work  is  supplemented  by 
that  of  manual  distributing  operators  who,  though  they 
increase  the  efficiency  of  the  "  A  "  operators,  increase  also 
the  delay,  the  total  handling  time,  and  the  expense  per 
connection. 

The  automatic  e.xchanges  F,  O,  and  P  are  of  one  type, 
and  offices  Q  and  R  are  of  a  somewhat  different  type  ;  but 
they  have  in  common  the  features  that  no  supervision  of 
connections  is  afforded,  and  that  disconnection  is  auto- 
matically effected  by  the  replacement  of  the  telephone  at 
the  caUing  station  ;  that  the  calling  party  can  recall  at  any 
moment  and   obtain   a  .different   operator  ;  and   that   the 

20 
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operator  is  vcr>-  quickly  connected  through  to  the  calling 
partv.  and  >uffers  the  subscriber's  drag  in  obtaining  the 
number  after  she  has  announced  her  readiness  for  it. 

The  exceptionally  high  handling  lime  noted  for  oftice  F 
appcars  to  be  partly,  and  perhaps  largely,  due  to  the  fact 
that  the  opcrator>arc  required  to  speak  German,  while  a 
large  proportion  of  the  subscribers  speak  Polish. 

The  low  handling  times  in  the  cases  of  offices  I  and 
J  are  partly  due  to  a  measured  delay  amounting  to  about 
two  seconds  inipose<l  on  the  originated  call  before  it  is 
connected  through  to  the  operators  telephone,  and  to  the 
automatic  announcement  by  a  momentary  buzzing  tone  of 
the  operator's  readineSN  for  the  number  just  prior  to  the 
connection.  Thus  the  subscriber's  drag  is  to  a  large  extent 
eliminated,  with  a  resulting  saving  in  the  operator's  time. 
Note  also  that  the  subscriber  gives  and  the  operator  repeats 
only  four  digits. 

While  the  foregoing  table  affords  scope  for  much  defini- 
tion and  qualification,  and  illustrates  the  complicated  and 
•omewhat  unsatisfactory  nature  of  comparisons  of  operator's 
loads,  a  few  signilicant  facts  are  salient.  An  operator  at  a 
manual  central-battery  board  with  no  trunking  can  give 
fairly  prompt  service  without  undue  fatigue  under  a  load  of 
230  calls  per  busy  hour,  and  c;in  carry  a  load  of  400  calls 


The  expenditure  in  wagers  constitutes  the  ni.iin  item  of 
m.aintenancc  expenditure  ;  those  for  materials  and  replacing 
parts  are  practically  negligible. 

The  labour  of  maintaining  certain  typical  automatic 
exchanges  is  shown  in  Table  9,  expressed  in  man-hours 
per  line  per  year. 

These  examples  have  been  selected  as  typical  from 
amongst  a  considerable  number  because  of  the  fairlv  accu- 
rate and  complete  data  available  with  respect  to  them. 

Tlie  year  is  estimated  at  313  days  to  brina  .ill  examples 
to  equality  with  certain  equipments  in  which  there  is  no 
maintenance  on  Sunday — excepting  in  the  case  of  oflTicc 
H,  calcul.itcd  for  12  months  from  data  of  one  month. 
The  number  of  lines  given  is  that  of  lines  actually  in 
operation.  In  all  cases  except  offices  G,  H,  and  I,  the 
numbers  of  man-hours  cover  the  time  of  maintaining 
the  switches  only,  excluding  time  spent  on  power  plant, 
distributing  frames,  and  manual  switcliboards.  The  times 
given  for  exchanges  G  and  I  include  the  maintcn.'<ncc 
of  the  power  plant  and  manual  portions  of  the  equipment, 
while  that  given  for  office  H  includes  the  work  on  manual 
toll  switchboards  but  not  on  power  plants. 

The  errors  noted  for  exchanges  A,  C,  D,  E,  and  G  were 
observc-d  bv  standard  service  tests  from  substations  ;  those 


Table  9. 

Maintenance  Labour. 

Kxchange 

A 

B 

C 

D 

E 

F 

G 

H 

I 

3 

K 

In  ser\-icc 

•905 

iqio 

1910 

1910 

i()ii 

1912 

1909 

1914 

"915 

■9'5 

"9'5 

Type     ... 

Full 

Full 

Full 

Full 

Full 

Semi 

Semi 

Full 

Semi 

Semi 

Semi 

Lines     ... 

13.500 

2.000 

5,000 

7.S0 

2,300 

3. "SO 

450 

700 

9(» 

7S0 

(1,500 

Call-rate 

— 

4'S 

4-5 

.3 

10 

12 

22 

— 

2 

10 

3 

Error  % 

.';'4 

— 

.S 

»7 

5-3 

— 

0-25 

— 

— 

001 

037 

Man-hours 

per  line  per  year.. 

<''7 

(n 

3'2 

12-6 

"'5 

.S'4 

6-9 

61 

5*5 

2 

S'2 

with  exceptional  fatigue  and  .1  notable  impairment  of 
service.  Such  an  operator  cin  give  more  prompt  service 
with  case  through  a  mechanical  switching  system  under  a 
load  of  450  or  more  busy  hour  calls  of  like  average  character, 
and  can  carry  600  or  even  700  calls  in  exceptional  cases 
without  noticeable  impairment  of  service  or  troublesome 
fatigue.  Junction  calls  reduce  the  lo.id  matcri.ally  in  manual 
systems,  but  not  at  all  in  mechanical  switching. 

Maintexavck  ok  Machine  Switches. 
A*  in  the  earlier  history  of  the  conversion  of  central  office 
equipment  from  the  magneto  to  the  central-battery  system, 
so  in  the  conversion  of  central  battery  to  machine-switching 
«>'»lems,  the  difficiilliL's  and  expenditures  actually  experi- 
enced turnout  lobe  los  iinpnitaiit   than  aiilicipaled,  and 
itioii  as  the  result  cif  progressive 
:  lire  and  in  practice.     The  e.irly 
'  tcipiircd  the  attention  of  men  in  such 

I  skill  to  keep  the  equipments  in  good 
der  that  their  wages  largely  or  quite  counlcr- 
,     .>"..'■  ■"..ii.-rator».     Experience  with  modern 
(hat  the  maintenance  force  need 
1"   1  "   '      kilfiil  than  that  required 

tor  t  /c  ;  while  the  faults  re- 

'-  as  to  warrant  (he 
staff. 


for  offices  H,  I,  J,  and  K  were  observed  by  tests  and 
observation  at  the  main  distributing  frame. 

Offices  A  to  F  inclusive  arc  ratchet-driven  equipments, 
while  offices  G  to  K  inclusive  are  power-driven. 

Offices  A,  H,  C,  G,  and  K  were  operated  by  telephone 
companies,  while  offices  D,  E,  F,  H,  I,  and  J  arc  operated 
by  Postal  Administrations. 

In  offices  of  relatively  small  size  the  amount  and  cost  of 
labour  is  largely  affected  by  the  need  or  preference  for 
continuous  attendance.  OlVices  A  to  F,  and  K,  are  attended 
continuously  through  24  hours,  offices  A,  H.  C,  and  K  by 
men  in  three  shifts,  offices  D,  E,  and  F  by  men  in  two 
shifts.  Office  G  w.-is  operated  for  12  hours  per  dav  only, 
with  continuous  attendance  during  that  lime  :  olfice  I 
operates  and  is  attended  from  7  a.in.  to  12  p.ni  :  office  H 
oper.itcs  through  the  24-hour  period,  attended  only  from 
R  am.  to  5  p.m.,  with  no  attendance  on  Sundays  ;  oHkc  J 
operates  throughout  24  hours  with  attendance  during 
12  hours. 

A  special  study  was  made  at  ofl'icc  <■  to  determine  the 
effect  of  reducing  the  hours  of  attentlancc.  For  a  period 
of  11  days,  during  which  83.000  connections  were  recorded, 
all  maintenance  of  the  equipment  was  withheld,  with  the 
single  exception  of  removing  a  fuse  from  one  switch  to 
put  it  out  of  operation.  The  cqiiipinciil  g.ivc  s.ilisfactory 
service  throughout  the  period.     For  an  equal  number  of 
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connections  just  prior  to  the  test  the  percentage  of  errors 
(failures  to  obtain  proper  connections)  was  027  per  cent ; 
at  the  end  of  the  test  the  percentage  of  error  had  risen 
to  0'57  per  cent.  In  a  later  test  the  maintenance  and 
repair  of  the  equipment   was  suspended  for  a  period  of 

Table  10. 
A  nalysis  of  Recorded  Faults.     Machine-switching  Equipment. 


G 

H 

I 

J 

Total 

Lines  equipped 

450 

800 

1,400 

1,200 

3.850 

Lines  connected    ... 

400 

630 

750 

780 

2,560 

Machine  switches  ... 

311 

378 

285 

314    . 

— 

Calls  originated 

370  M 

700  M 

400  M 

1,500  M 

2,970  M 

Days  reported 

49- 

259 1 

259  f 

259  + 

— 

Without  faults 

100 

153 

120 



Faults  reported 

— 

244 

124 

206 

— 

Faults  cleared 

105 

221 

98 

170 

593 

Analysis  of  Fa 

Ills. 

Definite  defects 

^5 

37 

26 

42 

A  part  replaced  ... 

10 

9 

8 

6 

A  loose  part  fixed 

— 

21 

3 

5 

A  repair  to  wiring 

15 

7 

IS 

31 

Doubtful  repairs    ... 

80 

186 

67 

148 

A  part  adjusted  ... 

15 

113 

48 

II 

A  clutch  cleaned 

I 

34 

I 

20 

A  contact  cleaned 

64 

39 

18 

117 

Fa; 

Us  per 

100  M  Calls. 

Average 

Faults  cleared 

28 

34 

24 

II 

20 

Definite  defects 

7 

5 

6 

^ 

4'3 

A  part  replaced  . . . 

27 

13 

I'l 

0-4 

I'l 

A  loose  part  fixed 

— 

J) 

09 

0-4 

10 

A  repair  to  wiring 

4 

I 

4 

2 

2-3 

Doubtful  repairs     ... 

21 

29 

18 

S 

i6-o 

A  part  adjusted  ... 

4 

16 

12 

07 

60 

A  part  cleaned    ... 

0-2 

:> 

e'2 

I  3 

20 

A  contact  cleaned 

17 

6 

4"5 

7 

7-9 

F 

aults  in  Mach 

ncs. 

Sequence  Switches — 

A  part  repaired  ... 

2 

2 

I 

4 

A  part  adjusted  ... 

15 

77 

4 

5 

A  part  cleaned   ... 

39 

86 

II 

69 

Switches  and  Finders — 

A  part  repaired  ... 

12 

0 

3 

I 

A  part  adjusted  ... 

0 

14 

17 

5 

A  part  cleaned    ... 

I 

8 

3 

2 

Band  cable 

0 

2 

.1 

7 

'   Xovember  i  to  December  51,  1913. 
t  January  15  to  September^30,  1916. 

six  weeks  ;  attention  was  confined  to  recording  the  errors 
and  removing  the  fuses  from  switches  marked  as  frequently 
producing  errors.  During  this  test  the  percentage  of 
error  did  not  change  substantially,  but  at  the  end  of  the 
period    of   six   weeks   12  per   cent   of   the   selectors   had 


been  temporarily  withdrawn  from  operation  for  cleaning 
or  repair.  The  switching  service  was  satisfactory 
throughout. 

These  instances  indicate  that  with  apparatus  of  good 
construction  the  quantity  of  labour  can  be  largely  reduced 
by  withdrawing  attendance  during  slack  hours,  nights, 
and  Sundays. 

A  minimum  attendance  probablv  can  be  reached  by 
employing  one  man  in  a  single  shift  of  eight  hours  during 
the  busy  portion  of  the  day.  For  a  1,000-line  exchange 
this  would  result  in  2-5  man-hours  per  line  per  year. 
Studies  made  in  exchanges  G  to  K  indicate  that  the  time 
of  the  attendant  would  be  occupied  to  only  a  verj'  small 
extent  in  inspecting,  testing,  and  repairing  the  switching 
machines.  For  example,  in  exchange  G  the  average  time 
for  discovering  and  correcting  a  fault  or  defect  was  three 
minutes ;  and  all  such  work  occupied  about  one  hour  per 
day.  A  study  in  exchange  J  shows  for  a  month  a  total  of 
6'5  hours  in  discovering  and  eliminating  faults  (averaging 
12  minutes  for  each  case\  i9'5  hours  for  routine  testing,  45 
hours  for  inspection,  and  57  hours  for  cleaning.  The  extent 
to  which  the  spare  time  of  the  attendant  can  be  utilized  for 
maintaining  the  power  plant,  distributing  frames,  and 
manual  equipments  has  not  been  determined. 

Corresponding  records  are  at  hand  of  the  faults  dis- 
covered in  the  four  power-driven  machine-switching 
systems  G,  H,  I,  and  ],  of  which  three  are  semi-auto- 
matic and  one  is  full  automatic.  A  tabulated  analysis 
of  faults  reported,  identified,  and  corrected  is  shown  in 
Table  10. 

A  division  of  the  "  faults  cleared  "  into  two  classes  will 
be  observed,  named  respectively  "  definite  defects  "  and 
"  doubtful  rep.airs."  Definite  defects  include  faults  of  an 
unmistakable  nature  ;  doubtful  repairs  include  all  the 
rest,  being  those  of  an  elusive  or  transitory  nature  calling 
upon  the  mechanic  for  quick  and  careful  observation, 
judgment,  or  reasoning.  In  recording  faults  of  the  latter 
class,  errors  of  judgment  are  common  and  the  responsi- 
bility of  the  mechanic  largely  affects  the  record.  In  the 
absence  of  a  definite  indication  of  the  nature  of  the  fault, 
one  attendant  will  do  nothing,  while  another  will  perform 
and  record  some  more  or  less  innocuous  repair  ;  one  will 
attribute  the  same  failure  to  dust,  another  to  some  irregu- 
laritj'  of  the  clutches  or  contacts. 

The  mechanical  switching  equipment  is  composed  of 
the  machines  before  described,  together  with  a  large 
number  of  relays  and  a  large  amount  of  cabling  ;  under 
the  caption  ''faults  in  machines"  the  classes  of  defects 
and  faults  which  occurred  in  the  moving  machinery  alone 
of  the  system  are  exhibited. 

Questions  will  occur  as  to  the  performance  of  charac- 
teristic features  of  the  machine-switching  equipment  here 
described,  .\mong  these  the  most  significant  is  perhaps 
the  security  of  the  talking  circuit  produced  at  the  contacts 
of  the  selectors  and  finders.  No  case  has  been  reported 
from  the  exchanges  H,  I,  and  J  of  a  failure  to  make  a 
perfect  circuit  on  the  finder  or  selector — that  is  no  failure 
has  been  observed  of  contact  between  the  bronze  col- 
lector springs  and  commutator  rings,  leaf  springs  and 
brushes,  or  brushes  and  terminals.  The  line  terminals 
and  brushes  require  no  cleaning  or  attention. 

The  woven  ribbon  cable  for  the  multiple  connection  at 
the  rear  of   the  arcs   in   the   exchanges  collectively  has 
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required   tl  repairs,  the  case>   being   broken   wires  and 
loose  bits  of  solder. 

The  driving;  power  has  caused  practically  no  trouble. 
The  number  of  cases  in  which  attention  was  required  by 
the  motor  parts  (clutches  and  shafting)  of  the  selectors 
~  ill  the  three  exchanges  H,  I,  and  ]  i2,3;;o  lines) 
od  of  nine  months  is  15.    Only  one  interruption 
01    st-tvice  due   to  a  defect  in  the  power  apparatus  has 
occurred,  namely  in  exchange  I,  in  which  the  field  winding 
of  a  spare  motor  failed  for  20  minutes  because  of  moisture 
in  a  winding  immediately  after  its  installation  for  trial. 

On   the  davs  reported   "  without   faults,"   no   faults   or 
defects  in  operation  were  discovered  by  the  maintenance 
stafi  or   reported   by   users   and    operators.      In    the   ex- 
change  I   no   subscribers'   complaints   of   any  kind  were 
rcceivcti  for  a  period  of  six  weeks,  and  for  several  periods 
of  a  week  or  more  no  faults  have  been  observed  in  the 
nieclianical  switching  equipment. 

In  the  class  of  "dclinite  defects"  the  item  "parts  re- 
placed "   ^numbering   23    for   all    exchanges  during    nine 
months)  cover  broken  springs  and  rubber  bushings.     The 
total  value  of  parts  replaced  in  all  these  exchanges  is  well 
within  £-,. 

The  item  "  loose  parts  fixed  "  comprises  mainly  screws 
set  up. 

The  item  "  wiring  rep.iired  "  covers  defects  in  windings, 
wires,  cables,  and  soldered  connections. 

In  the  class  of  "doubtful   repairs."   the  item  "adjust- 
ments '   comprises   the    alteration   of    spring   tensions   in 
relav-s,  selectors,  and    sequence    switches,   and   ch.inging 
position   of  clutch    plates.      "Cleaning   clutches"   covers 
mainly  removing  oil  or  grease  resulting  from  handling  ; 
"cleaning   contacts"   covers    the   removal    of    dust    and 
putting    burned    contacts    in    order.      The    considerable 
number   of   contacts   requiring   cleaning   nt    exchange    J 
is    due   to   the   current   work   of   installing   a   substantial 
addition  to  the  operating  equipment. 

The  difficulty  of   obtaining  men  of  sufficient  skill  and 
training  for  maintaining  an  automatic  equipment  often  has 
been  unduly  emphasized.     No  doubt  upon  first  examina- 
tion a  m.ichine-switching  system  produces  the  impression 
of  being  complex  beyond  the  grasp  of  many  minds  ;  these 
complexities,  however,  arc  readily  resolved  by  a  moderate 
amount   of    steady    and    continuous    thinking   into  quite 
simple   mechanical    operations   which    make   an   unusual 
lid  on  the  mind  only  in  respect  to  the  number  of 
.lated    p.irts    and    of    operations    in    sequence.     An 
assumption   ha.s  been  made  in  some  cases  that  an  auto- 
matic switching  equipment  could  be  maintained  properly 
only  by  a  mechanic  tr.iined  at  the  shop  in  the  manufac- 
ture and  assembling  of   the  app.iratus,   which,  however, 
tiirnv  citii  to  he  true  no  more  th.in  in  the  case  of  a  manual 
•icry   equipment.     The   exchanges   A   to   C,  G, 
'-  Hrcn  maintained  in  the  main  by  men  trained 
.md  in  the  inttall.itloii  of  the  equipment  : 
Kc   of   exchanges    K,    H,    I,  and   J,   .nnd   in 
<  II    others   of    a    like    character,    have    been    taken 
i......  the  AdminiMration's  forces  ordinarily  employed  in 

the   maintenance    of   manual   ccniial-ballery   equipments 
"!'    '''1    '  ,'         ir  care  than  usual,  and  with 

lion  and  experience  during 
1-  ol  iii'.UlUlioii  and  initial  operation  of  the 
Icr  the  »ii|>crvi<ion  of   the  installing  engineer. 


The  foregoing  studies  distinctly  indicate  that  a  machine- 
switching  equipment  of  either  of  the  available  types,  of 
modern  construction  .ind  of  moderate  or  large  size,  can 
be  kept  in  good  operating  condition  with  an  expenditure 
of  labour  not  exceeding  5  or  ft  man-hours  per  line  per 
year,  and  that  the  expectation  may  be  entertained  of 
reducing  the  lalwur  in  fairly  l.irge  equipments  to  one- 
half  that  amount  or  less.  Such  a  high  quality  of 
mechanical  performance  has  already  been  reached  that 
the  number  of  man-hours  per  line  per  year  is  deter- 
mined by  the  necessity  or  desire  to  have  men  present 
in  the  exchange  during  a  part  or  all  of  the  day,  rather 
than  upon  the  amount  of  skilled  repair  or  interference  in 
the  equipment. 

Depreciation  of  Machixe-switchixg  Ai'p.vratus. 

The  actual  depreciation — wear,  breakage,  and  deteriora- 
tion— in  a  machine-switching  equipment  is  not  heavy,  and 
eventually  m.iy  be  found  to  be  less  even  for  the  present 
types  than  the  rate  of  depreciation  commonly  assumed  for 
manual  equipments.  In  the  case  of  m.ichine-switching 
equipments  of  the  type  here  described  at  length,  r.ither 
more  than  one-half  of  the  value  of  the  pl.int  v.is  an  average 
of  (K>  offices)  consists  of  the  apparatus  familiar  in  manual 
equipments — distributing  frames,  meters,  cabling,  relays, 
and  power  plant  ;  the  rcm.'iinder  consists  of  automatic 
switching  machinery,  and  power  apparatus  for  it.  The 
custom.vy  rate  of  depreciation  would  naturally  be  applied 
for  tlic  sorts  of  appar.itus  well  known  in  manual  practice. 
As  to  the  switching  m.ichincry  sufficient  experience  has 
accrued  to  warrant  the  expectation  of  a  rate  of  actual 
deterioration  in  no  case  greater  but  possibly  less.  The 
exchange  A,  though  of  an  early  and  somewhat  imper- 
fect form  of  ratchet-driven  switch,  is  still  giving  satisfac- 
tory service.  Office  (i  of  the  motor-driven  type  above 
described,  after  operating  six  years  was  examined  in  detail 
with  great  care.  The  motors  and  clutches  showed  wear 
so  slight  as  to  warrant  the  expectation  of  useful  lile  several 
times  its  period  of  service.  The  bronze  terminals  and 
brushes  showed  little  more  than  glazed  markings  upon 
their  surfaces,  and  were  deemed  suitable  for  so  years'  life. 
The  sequence  switches  showed  very  slight  wc.ir.  A  few 
pivots  exhibited  wear,  while  about  100  of  the  small  inter- 
rupter levers  h.id  required  replacement.  On  the  whole  it 
would  appear  that  the  replacement  or  improvement  of  the 
interrupter  levers  would  put  the  equipment  in  condition 
for  certainly  six,  and  perhaps  ii.  years  of  further  service. 

As  already  noted,  the  expenditure  for  replacing  parts  in 
four  machine-switching  equipments  during  nine  months 
fell  within  £.$. 

Although  exact  comparative  data  are  not  avail.tblc 
It  would  appear  that  the  repairs  in  machine-switcliing 
systems  will  be  fewer  and  less  cx|>ciisive  than  the  repairs 
to  cords  alone  in  mantial  equipments. 

In  view  of  these  facts  it  is  the  opinion  of  the  author  that 
an  actual  rate  of  deterioration  for  a  machine-switching 
equipment  may  be  assumed  conservatively  to  be  equal 
to  that  of  a  manual  centr.il-ballery  equipment. 

An  element  which  is  important  in  estimating  deprecia- 
tion as  a  factor  in  studies  of  annual  charge  is  the  prol>a- 
bility  of  displacement  by  impro\c<l  app.iratus.  This  is 
always  a  difficult  factor  lo  evaluate,  but  in  the  present 
circumitanccs  a  partivm  of  machine  switching  might  find 
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warrant  for  assigning  to  it  a  larger  value  for  manual  than 
for  automatic  switches. 

Four  principal  causes  for  the  displacement  of  existing 
equipment  will  be  recognized  :  Failure  in  operation  ;  un- 
satisfactory service  ;  high  operating  costs  ;  lack  of  adapta- 
bility to  important  changes  in  size  of  plant  or  in  method. 
Testing  the  machine-switching  equipment  by  these  reasons 
for  possible  displacement,  it  would  seem  that  definite 
failure  to  operate  may  be  dismissed.  The  percentage  of 
failures  in  switching  as  noted  in  the  foregoing  pages  is  in 
a  number  of  existing  equipments  so  small  as  to  leave  little 
incentive  for  the  replacement  of  an  equipment  on  the 
score  of  accuracy  only.  In  respect  to  the  time  of  switch- 
ing, it  is  conceivable  that  mechanism  may  be  produced 
which  will  connect  the  calling  to  the  called  line  within  two 
or  three  seconds  instead  of  as  at  present  in  eight  or  lo 
seconds.  As  the  period,  occupied  by  the  calling  subscriber 
to  perform  his  mental  and  physical  acts  of  calling,  and  the 
time  for  the  called  party  to  respond  to  the  ringing  of  the 
bell  are  not  likeh'  to  be  changed,  the  total  time  of  getting 
a  connection  might  be  reduced  thus  by  not  more  than  one- 
fourth.  Though  such  a  difference  in  time  of  effecting  con- 
nection might  be  adequate  reason  for  initially  choosing  an 
improved  type,  it  is  doubtful  that  it  would  bring  about 
actual  displacement  of  an  equipment  in  use. 

The  cost  of  maintenance  tends  towards  a  certain  irre- 
ducible minimum.  It  appears  highly  improbable  that  any 
mechanical  system  of  large  value,  situated  as  the  majority 
of  switchihg  offices  are  in  relatively  isolated  places,  will  be 
left  without  anv  attention.  If  a  single  skilled  attendant  be 
present  during  eight  hours  of  the  day  for  300  working  daj's 
per  year  there  will  result  an  expenditure  of  2^4  hours  per 
line  per  year  for  a  i,ooo-line  equipment,  or  one-tenth  that 
amount  for  a  10,000-line  equipment.  The  reduction  from 
the  figure  now  easily  attained  of  five  hours  per  line  per 
)'ear  to  one-half  that  amount  would  effect  a  saving  in 
wages  of  perhaps  ;t'i2o  per  year.  Displacement  of  an 
otherwise  serviceable  equipment  in  order  to  save  one-half. 


or  even  the  whole,  of  the  maintenance  charges  at  the 
present  rate  would  not  seem  probable. 

The  consideration  of  the  possible  displacement  by 
reason  of  substantial  changes  in  the  nature  of  telephonic 
service  is  of  a  much  more  speculative  nature.  The  mere 
increase  in  number  or  change  in  distribution  of  lines, 
which  have  so  frequently  caused  the  displacement  of 
manual  equipments,  do  not  affect  machine-switch- 
ing equipments  to  the  same  degree  ;  in  this  respect 
they  prove  more  elastic  and  adaptable  than  manual 
switches. 

The  observable  tendency  to  a  greater  sub-division  of 
exchanges  into  small  offices  or  groups  of  lines  scattered 
through  rural  and  village  districts,  or  in  the  form  of  private 
branch  exchanges  in  cities,  and  in  the  city  areas  for  the 
purpose  of  reducing  the  cost  of  underground  plant,  is  in 
itself  realizable  in  a  high  degree  onh-  with  the  aid  of 
mechanical  switching  apparatus.  Improvement  is  to  be 
expected  in  telephonic  transmission,  possibly  with  the  aid 
of  telephonic  amplifiers.  Such  an  advance  is  in  no  way 
inconsistent  with  existing  mechanical  switching  systems. 
Improvements  in  machine-switching  gear  are  possible  as 
noted  in  speed  of  connection  and  in  the  more  efficient  use 
of  the  common  elements  ;  such  improvements  probably 
would  tend  to  increase  rather  than  diminish  the  com- 
plexity of  present  systems  by  reason  of  the  increased 
speciahzation  of  organs,  as  has  been  common  heretofore 
in  the  development  of  the  telephone  industr}-.  Such  com- 
plexities are,  however,  in  general  in  the  nature  of  fixed 
circuit  connections  rather  than  in  moving  mechanism. 
The  standardization  of  apparatus  and  methods  commonly 
tends  in  the  direction  of  early  displacement  of  obsolescent 
types ;  but  probably  will  not  take  place  in  machine- 
switching  gear  in  any  general  way  for  some  years.  The 
comparatively  simple  central-battery  switchboard  required 
about  10  years  for  the  development  of  the  type  to  a  point 
at  which  standardization  became  desirable  and  standard 
methods  and  apparatus  suitable  for  it  were  available. 


Discussion  before  The  Ixstitutiox,  22  March,   191; 


Mr.  F.  Gill  :  I  confine  my  remarks  to  two  points,  but  first 
ask  several  questions.  In  Table  7  the  author  gives  i  per 
cent  of  errors  under  "  I."  Two  hundred  tests  were  made, 
and  I  per  cent  means  that  two  calls  went  wrong.  That  does 
not  seem  to  me  sufficient  to  be  characteristic  ;  it  seems 
rather  like  an  accidental  occurrence.  It  is  a  very  impor- 
tant point,  because  if  one  were  to  take  that  as  characteristic 
of  the  machine  and  multiply  it  into  a  10,000-  or  50,000-  or 
100,000-line  exchange,  the  number  obtained  would  be  very 
large.  In  "  J  "  in  Table  7  the  errors  are  given  as  zero,  and 
in  Table  9  as  o'oi  per  cent.  The  difference  perhaps  arises 
from  the  fact  that  the  figures  relate  to  two  different  sets  of 
tests,  which  would  be  quite  understandable.  Then  pass- 
ing to  Tables  9  and  10,  are  the  errors  eliminated  by  routine 
tests  shown  here,  or  are  they  simply  eliminated  and  ignored 
in  the  figures  ?  In  connection  with  Table  9  can  the  author 
give  us  any  information  in  regard  to  subscribers'  irregu- 
larities ?  They  are  very  important  in  manual  work,  and 
also  regarding  subscribers'  dialing.  Then  in  Table  10, 
do  the  calling  rates  and  the  switches  installed  correspond  ? 
It  may  be  that  the  equipments  have  been  designed  with 


different  chances  of  delay.  Can  the  author  give  figures  jir.  Giii. 
similar  to  that  in  Table  7,  but  relating  to  information  calls 
coming  in  from  fully  automatic  lines  ?  If  we  investi- 
gate the  figures  of  company-owned  and  administration- 
owned  plant  we  find  that  those  owned  bj»  administrations 
take  about  62  per  cent  more  labour  to  maintain  than 
the  others.  An  important  point  on  which  I  wish  to  speak 
is  the  question  of  lost  and  delayed  calls.  In  the  paper 
a  lost  call  is  treated  as  a  delayed  call,  but  one  can  tolerate 
a  much  greater  percentage  of  error  if  the  call  is  only 
delayed,  say,  by  the  switch  hunting  for  an  idle  trunk  than 
if  the  call  is  actually  lost.  If  a  call  is  lost,  the  ordinary 
rule  is  that  the  subscriber  gets  an  indication,  which  he 
interprets  as  "  busy,"  but  he  does  not  know  whether  it 
is  the  trunk  that  is  busj-  or  the  subscriber  ;  he  has  to  guess. 
In  Table  6  three  formute  are  given.  One  is  taken  from 
the  Post  Office  Chart  ;  the  second  I  believe  is  due  to 
Campbell,  and  the  third  is  that  of  the  Western  Electric 
Company.  There  is  a  great  difference  in  the  number  of 
machines  which  have  to  be  provided,  whichever  formula 
is    adopted.     If   one    goes   to   too   high   a   probabihty  of 
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success,  then  it  means  a  serious  cost  in  the  plant.    After 

all,  the  f  an  undertaking;  is  to  conduct  the  service 

in   a  L  li  spirit  :   to  jjivc  a  reasonable  scr\-icc  at 

a  reasonable  cost,  with  a  reasonable  prolit.  Therefore  it  is 
very  important  that  \vc  should  not  overshoot  the  mark  and 
put  in  too  many  snitches.  As  the  author  points  out,  it  is 
very  desirable  to  agree,  at  any  rate  for  computation,  for  the 
balancing  of  estiinalcs  and  records,  upon  what  might  be 
calk-da  sca-levcl.  I  think,  however,  that  the  percentage  of 
calls  lost  or  delayed  is  not  the  ultimate  basis.  Supposing 
that  t»-o  different  switches  have,  let  us  say,  i  per  cent  lost 
or  delayed  calls  :  it  may  make  a  great  deal  of  difference 
whether  it  is  i  per  cent  delay  for  one  second  or  i  per 
cent  delay  for  lo  seconds.  Therefore  1  think  that  what 
has  to  be  aimed  at  is  the  total  delay  in  seconds.  Will  the 
author  give  his  views  on  a  proposition  in  which  one 
specifies  for  a  delay  not  greater  than  loo  seconds  in  loo 
calls,  the  maximum  delay  in  any  case  not  to  exceed  20 
seconds  ?  Again,  the  author  refers  to  the  question  of 
first  cost.  That  is  really  the  only  point  on  which  we  dis- 
agree. He  realizes  that  first  cost  is  important  and  that 
it  must  be  taken  into  .iccount,  but  he  does  not  really  assist 
us  on  that  question.  Then  I  should  like  to  know  whether 
any  of  the  cases  quoted  in  the  paper  have  been  put  in 
on  the  basis  of  economic  selection.  Have  they  been  put 
in  as  deliberately  p.iying  an  increased  cost  for  an  improved 
service,  or  have  they  been  put  in  without  any  real  economic 
selection  at  all,  merely,  on  the  basis  that  it  w.is  the  latest 
thing  to  do  because  it  got  rid  of  the  operator?  As  to  how 
much  the  tirst  cost  of  the  automatic  gear  must  be  reduced 
to  make  it  available  for  economic  installation,  the  figures 
I  have  for  a  particular  case  show  that  if  we  take  the  manual 
first  cost  at  too,  then  the  automatic  first  cost  must  be 
something  like  140  or  145. 

Mr.  K.  A.  Laiklaw  :  I  think  that  special  attention  is 
warranted  in  future  studies  to  the  increasing  annual  cost 
on  operators'  wages,  .'is  now,  owing  to  the  War,  women 
having  found  a  much  wider  field  of  operation  for  their 
labour,  it  can  reasonably  be  expected  that  the  expenditure 
under  this  heading  is  likely  to  increase  considerably.  The 
question  of  size  of  switch,  and  whether  stcp-by-stcp  or 
motor ^Irivcn,  is  one  mainly  of  cost  and  flexibility  ;  a  larger 
switch  than  100  lines  appeals  at  first  sight  to  every  tele- 
phone engineer  who  has  been  engaged  on  traffic.  This 
fact  is  brought  about  by  the  knowledge  that  the  larger  a 
group  of  junctions,  the  greater  is  the  efficiency  that  can  V>c 
obtained  per  junction.  This,  however,  only  applies  to  a 
limited  degree  on  machine-switching  equipments,  as  all 
originaling  calls  incoming  to  the  exchange  can  be  brought 
through  a  standard  intermediate  distributing  frame  and 
first  and  second  pre-electors  or  line  finders,  so  that  a  switch 
for  loo  lines  can  be  m.ide  to  give  as  good  a  service  as  a 
200-linc  switch.  An  arrangement  of  this  kind  gives  an 
acccs\  with  a  Wlinc  switch  not  to  10  junctions  but  to  10 
out  of  ino  jiinrtinnk  over  which  the  traffic  is  equally  dis- 
t^  tuations  in  the  traffic  correspond 

!■  lip  of  100  lines,  which,  as  is  well 

known,  arc  prop<itiionalely  much  smaller  than  in  a  group 
of  in  lines.  The  fluctuations  in  the  traffic  on  a  group  of 
xn  i>  very  lilllc  Ic^s  than  in  a  group  of   too,  and  a  switch 

»"'■  - '^  per  level  or  row  is  not  warranted  from  a 

I'  On  the  connectors  as  at  pre»cnt  arranged 

in  jiiini  J  jitt.  rx(.iiangcs,thi>dislribulion  cannot  beobtained, 


and  the  number  of  connectors  to  be  fitted  must  be  what  is  Mr. 
required  for  tliat  particular  100  or  200  subscribers.  How- 
ever well  the  subscribers  at  the  opening  of  the  exchange 
are  distributed  to  give  equ:il  calling  rate  on  the  hundreds, 
it  is  only  a  matter  of  time  when  alterations — either  a 
decrease  or  increase  in  the  percentage  of  connectors— will 
have  to  be  made.  This  at  present  is  not  a  serious  difficulty, 
as  extra  banks  of  contacts  (the  cheapest  part  of  tlic  switch) 
can  be  provided  at  the  initial  equipment  and  the  mechanism 
fitted,  if  necessary,  at  a  later  date.  The  advantage  of  a 
loo-line  switch  over  the  200-line  switch  (although  I  think 
it  is  agreed  that  the  number  100  was  not  scientifically  deter- 
mined but  was  fixed  because  of  the  decimal  system)  appears 
to  be  that  it  retains  the  decimal  system  without  any  trans- 
lating devices  and  is  very  flexible,  thereby  having  the 
<-idvant.-ige  over  the  300-  or  200-line  switch  on  small  and 
medium  sized  exclianges.  Taking  the  United  Kingdom, 
for  example,  out  of  a  total  of  about  3,100  exchanges  the 
sizes  range  somewhat  :is  follows  : — 

2,800  under     "ioo  lines 

2,900      „  500    „ 

3,000      „  1,000    „ 

100  over  1,000     ,, 

For  exchanges  up  to  1,000  lines  stcp-by-step  mechanism 
appears  to  be  preferable  to  motor-driven  from  a  cost  point 
of  view.  For  exchanges  above  this,  all  calculations  that  I 
have  been  able  to  make  appear  to  show  that  the  first  costs 
of  stcp-by-step  or  motor-driven  mechanism  are  ab6ul  equal  ; 
and  from  an  annual  cost  point  of  view  the  author's  figures 
show  th.it  even  witli  an  old  exchange  fitted  with  the  stcp- 
by-step  mechanism  which  h.-is  not  the  latest  improvements 
there  is  little  dillerence  in  the  cost  of  maintenance.  A 
method  of  obtaining  the  minimum  amount  of  switching 
app.aratus  is  sliown  in  F"ig.  A.  This  system  is  known  as  the 
by-path  system,  and  gives  distribution  for  both  calling  and 
called  subscribers,  ncvelopments  on  these  lines  are  being 
proceeded  with,  and  the  results  obtained  appear  promising. 
I  agree  it  is  now  time  that  a  fixed  percentage  of  lost  cills 
allowable  should  be  settled,  also  that  the  use  of  curves  based 
on  the  law  of  probability  can  now  be  used  by  designers 
with  confidence.  It  is,  however,  necessary  that  accurate 
figures  on  the  existing  traffic  be  obtained.  On  page  274 
the  author  is  not  quite  clear.  The  figure  17-4  per  cent  for 
the  Post  Office  system  means  subscribers  actually  engaged, 
not  junctions  engaged.  In  computing  lost  calls,  that  may 
be  allowable  on  a  full  automatic  exchange.  I  have  often 
used  the  percentage  figure  of  the  existing  engaged  calls 
during  the  busy  hour  of  any  exchange,  and  working  on  the 
law  of  prob.ibility  h.ive  found  out  what  decreases  in  the 
percentage  the  instantaneous  disconnnection  would  produce 
in  this  number.  As  an  example,  assume  that  busy-hour 
traffic  on  a  manual  exchange  gives  i7'4  per  cent  of  the 
subscribers  cng.iged.  On  an  automatic  exchange  the 
instant.-ineous  disconnection  alone,  without  allowing  for 
any  reduction  in  the  holding  time  due  lo  other  rciisons, 
would  reduce  this  figure  by  17  per  cent  and  thus  allow  for 
17  calls  per  i,0(x>  to  be  choked  by  the  switches.  I  would 
not,  of  course,  recommend  choking  01  delaying  such  a 
large  number,  but  the  figure  shows  lo  hosv  great  an  extent 
the  c;«lls  may  be  choked  without  depreciating  the  service 
l)clow  manual  standards.  It  is  well  known  that  an 
operator's  efficiency  (alls  as  she  covers  more  positions.     As 
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peak  loads  are  usually  only  for  2  hours  out  of  the  24,  the 
operator's  average  day  load  is  decreased  enormously ;  of 
course,  it  would  not  be  economical  to  keep  all  positions 
filled  during  the  slacker  hours.  Fig.  B  shows  a  mean  curve 
of  that  given  by  Mr.  Maycock  in  the  PosI  Office  Electrical 
Engineers'  Joitrnat,  of   a  number   of   operators   on  dutN'. 


CcLbl  e     order 

Main     f  ra  m  e 

N  u  me  ri  cal       order 


equipment 
(by-pach) 

Fig.  a. — By-path  switching  system. 

The  shaded  portion  I  have  added  as  being  the  number  of 
operators  required  if  a  distributing  system  were  fitted. 
The  effect  of  distribution  has  the  advantage  of  making  the 
switchboard  like  a  concertina,  open  at  the  bus)'  periods  and 
closed  down  gradually  as  required  during  the  slacker  hours. 
Now  if  added  to  this  one  can  decrease  the  operator's  work 
by  other  mechanical  apphances  such  as  dispensing  with 


service  given  with  a  load  of  600  calls,  Fig.  C  gives  the  Mr, 
speed    of    answer    on    the    Amsterdam    semi-automatic 
exchange,  also  the  "  standard  of  answer"  used  by  the  late 


Laidlaw. 


4  6         ~8         10         12        14         16        18 

Seconds 

Fig.  C. — Speed  of  answer  for  different  systems. 

National  Telephone  Company,  together  with  data  from 
exchanges  I  and  J  in  the  paper.  The  National  Telephone 
curve   is   not   the   best  that  can  be  obtained  on  manual 


567 
Fig.  B. — Hampstead  Exchange.     Relation  between  staff  and  traffic,  with  and  without  traffic  distribution. 


cords,  plugs,  multiple  jacks,  etc.,  one  can  readily  see  that 
the  load  can  be  increased  and  a  great  saving  in  operators 
obtained.  The  curve  shows  a  very  low  busy-hour  load. 
There  are  only  24  operators  for  2,250  calls,  or  approxi- 
mately 93  calls  per  position.  This  means  that  even  when 
an  operator  is  covering  more  than  one  position  she  can 
still  be  under-loaded,  so  that  the  example  is  by  no  means 
favourable   to   the   case   for   distribution.     To   show   the 


service,  but  it  can  be  taken,  I  think,  as  a  fair  standard  for 
manual  equipments.  I  am  afraid  the  author's  manual 
standard  is  not  often  worked  up  to,  and  on  this  score  he 
cannot  be  accused  of  favouring  machine  switching  as 
against  manual.  It  will  be  seen  from  these  curves  that 
although  the  loads  taken  are  higher  than  the  late  Tele- 
phone Company's  standard,  the  service  is  greatly  improved 
as  the  long  waits  are  reduced.     The  duration  of  connec- 
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Mr.  tions  is  undoubtedly  shorter  on   an  automatic  exchange 

*^'  than  on  a  manual.  1  have  been  unable  to  account  for  this, 
and  can  only  assume  that  the  subscriber  finds  the  service 
of  a  hi);hcr  order  and  that  it  is  easier  for  him  to  {;ct  through. 
Tliis  appears  to  be  the  explanation,  as  the  calling  rate 
generally  rises.  The  following  ligurcs  of  maintenance 
taken  from  small  private  exchanges  varj'ing  from  i?  to  200 
lines  may  be  of  interest.  These  exchanges  mostly  fitted 
in  munition  f.ictorics  arc  in  use  night  and  day  and  have 
been  in  operation  on  the  average  for  2  years.  Of  18 
exchanges  with  1,100  lines  working,  the  man-hours  per 
line  per  year  work  out  at  2/).  This  includes  equipment, 
instruments,  and  line  plant.  The  class  of  man  mainl.iining 
these  equipments  is  the  usual  handyman  employed  about 
the  works  nuintaining  the  electric  light,  etc.  When  the 
exchange  is  iiislallcd.  he  is  instructed  in  the  nccess.iry 
routine  tests  and  the  parts  to  be  watched  on  the  exchange 
equipment  and  station  apparatus,  and  up  to  now  wherever 
the  exchanges  have  been  fitted  no  trouble  has  been  experi- 
enced. Of  course,  from  their  size,  the  exchanges  are 
practically  unattended.  The  results  bear  out  the  author's 
figures,  but  it  must  be  remembered  these  equipments  have 
less  apparatus  per  line  than  a  large  exchange.  The  records 
of  service  and  faults  given  in  the  paper  are  extremely  valu- 
able and  show  that  the  working  of  machine-switching 
equipments  have  now  arrived  at  a  state  when  correct  data 
can  be  obtained  and  facts  instead  of  opinions  expressed. 

I  have  attempted  to  form,  from  the  paper,  a  conclusion 
as  to  what  value  the  use  of  automatic  machinery  of  good 
manufacture  would  be,  and  it  appears  to  me  to  be 
this  :— 

(1)  A  very  much  higher  grade  of  service  is   rendered 

th.an  that  at  present  obtainable  on  manual  equip- 
ment ?. 

(2)  The  annual  charges  arc  comparable  with  manual  and 

may  possibly  be  less. 
(y)  The  system  is  very  mrch  more  flexible  from  a  line- 
■■  i^oint  of  view.     The  adaptability  of  automatic 
iiing  to  changes,  and  the  more  efficient  use  of 
line  plant  giner.ally,  m.iy  possibly  warrant  incur- 
ring large  capital  charges  on  exchange  equipment. 
External  plant  forms  approximately  (Kt  to  70  per 
cent  of  the  total  value  of  a  telephone  administra- 
tion's investment. 
(4J  Full   automatic  appears  to   l>c  the  most   promising 

service  for  the  majority  of  cases. 

(S)  Semi-automatic   equipments    with    call    distribution 

and   supervision  may  be  desirable  in   some  cases, 

and   especially    during   transition    periods   to    full 

automatic.     The  question  of   whether  supervision 

on  all   equipments  is   necessary   or    not    appears 

doubtful,  especially  in  self-cnnlained  areav,  as  from 

Che  records  taken  on  exchange  J,  page  291,  such  a 

■  ICC  was  given  that  little  super- 

\", 

(^/  '■  1    standardi/alion,   as 

;      '  Ills  are  taking  place 
ly  Hi  the  design  of  automatic  apparatui 
..ts. 

oInnH   C,    B,   CiAV    Althniijjh  il    might    perhaps   be 

hardly    comes 
inposed  unlv  of 


relays  will  do  all  tliat  the  systems  referred  to  by  the  author  coi.md 
will  do.  The  latter  undoubtedly  give  excellent  service,  *"  "'*' 
but  I  cannot  bring  myself  to  think  th.it  they  are  by  any 
means  the  List  word  in  automatic  telephony.  Will  a 
system  consisting  of  a  bigc  number  of  relays,  motors, 
and  machine-switching  gear  compete  with,  and  do  the 
work  of,  an  automatic  exchange  better  or  more  cheaply 
than  one  consisting  of  reUiys  only  r  In  the  relav  system 
there  is  no  apparatus  and  no  motion  other  than  the 
ordinary  operation  of  a  relay  to  do  the  whole  work  of 
selection  and  connection,  and  the  plant  is  not  subject 
to  difficulties  owing  to  the  inertia  of  comparatively  heavy 
switches.  No  work  whatever  is  done  except  when  a  call 
is  actually  being  connected.  A  rel.iy  system  will  work 
with  much  gre.iter  v,arialion  of  voltage  and  allows  much 
greater  variation  in  the  speed  of  the  calling  device.  The 
lime  required  for  a  call  will  therefore  be  less  than  in  any 
other  system.  Unfortunately  I  cannot  give  particulars 
such  as  the  author  does  with  regard  to  maintenance  and 
other  costs,  but  it  does  appear,  and  is  borne  out  by  our 
experience  with  some  small  plants  which  we  have  work- 
ing, that  the  maintenance  cost  of  relay  systems  must  be 
very  small.  We  liope  to  get  valuable  data  from  a  1,000. 
line  plant  now  installed  in  Stockholm.  The  whole 
movement  of  a  relay  is  so  minute  that  the  wear  and  tear 
of  a  plant  may  surely  reasonably  be  expected  to  be  very 
small.  We  have  not  yet  found  a  fault  due  to  dirty  con- 
tact. A  plant  consisting  of  relays  such  as  all  telephone 
engineers  are  accustomed  to  handling  in  central  battery 
exchanges  would  be  much  more  easily  dealt  with  by  them 
than  one  which  is  a  combination  of  electrical  and 
mechanical  apparatus.  The  well-known  reliability  of 
telephone  relays  confirms  our  experience  that  tlie  main- 
tenance of  a  relay  automatic  plant  must  be  low.  I  well 
remember  that  when  passing  through  Chrisliania  I 
inspected  the  main  exchange  there  and  noticed  a  very 
large  cupboard  fixed  high  up  on  the  wall,  and  I  was  told 
that  it  cont.ained  the  rel.ays.  As  they  were  so  pressed  for 
room  they  had  put  the  cupbo.ard  there,  because  once  the 
relays  had  settled  down  to  work  Ihcy  required  no  further 
attention.  The  author  says  that  the  difficulty  of  obt.iining 
men  of  sufficient  skill  and  training  to  maint.-iin  automatic 
equipment  has  often  been  unduly  emphasized  ;  but 
although  this  m.ay  be  so,  the  difficulty  would  be  further 
reduced  by  llie  subsfitulion  of  apparatus  which  is  entirely 
a  repetition  of  the  same  style  of  parts.  As  a  manufac- 
turing problem,  relays  and  nothing  but  relays  is  surely  t''<- 
ideal  .solution. 

Mr.  A.  ].  STfiiiis  :  Intlic  I'ost  Office  we  so  well  recogm/o  m.  ;■ 
the  importance  of  this  subject  that  we  have  111. .Vr  trial 
five  different  systems  of  automatic  switching.  In  addilinn, 
not  quite  in  the  sense  of  semi-autoinalic,  but  in  the  sense 
(if  securing  automatic  distribution  of  work  which  is  essen- 
tially "manual  "  in  connection  with  the  trunk  system, 
we  have  various  aids  which  .are  of  the  automatic  type — 
devices  in  aid  of  trunk-working  itself  or  in  its  relation  to 
the  ordinary  local  service.  Standardizalion  in  regard  to 
automatics  is,  I  am  afraid,  very  far  o(T.  We  h.ive  taken 
one  piaclic^il  step  in  that  direction  by  securing  that  the 
user  of  the  telephone  shall  have  the  same  form  of  dial 
and  the  same  system  of  dialling  on  whichever  of  the  five 
systems  of  autmnatics  he  may  be  coniuclcd.  Hut  the 
present   stale   of   esscnti.1l   change   by   progress   puts   the 
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general  question  of  standardization  out  of  range.  Apart, 
however,  from  standardization,  the  Post  Office  engineer 
has  to  face  the  problem  of  interconnection  of  all  or  any 
of  the  numerous  S3'stems.  Comparison  of  this  between 
the  mother  art  of  telegraphy,  and  telephonic  working, 
shows  how  essentially  different  and  more  complex  the 
latter  problem  is  bound  to  be.  In  telegraphy  we  have 
automatic  working,  the  ordinary  Morse  sj'stem,  the  single 
needle,  the  ABC,  and  the  very  great  development  of 
printing  telegraphs  ;  but  the  problem  of  their  combined 
use  in  one  office  is  simple  because  the  various  systems 
work  quite  independently  on  different  circuits.  When, 
however,  we  come  to  the  telephone  business,  there  is  no 
question  of  re-transraission,  but  through  connection  of 
an)'  combination  of  parts  of  the  whole  of  the  system  must 
be  possible.  The  assimilation  of  automatics  to  this  matter 
of  through-switching  is  particularly  difficult. 

Mr.  D.  S1XCL.41R  :  So  far  back  as  1883  I  took  out  a  patent 
for  an  automatic  telephone  exchange,  and  I  believe  the 
model  is  in  the  possession  of  the  Institution.  It  worked 
for  a  year  or  two.  Those  were  the  days  of  single  earth- 
circuit  lines,  but  it  gave  place  to  a  manual  system  as  a 
general  rule.  From  that  day  to  this,  however,  I  never 
lost  my  faith  in  automatic  telephones,  and  I  have  recom- 
mended the  system  in  season  and  out  of  season.  I  am 
very  sorry  that  the  author  has  more  or  less  changed  some 
of  the  old  familiar  names.  He  has  called  the  connector 
a  new  name,  and  the  selector  also  ;  one  he  terms  "  the 
seeker"  and  the  other  "the  chooser."  I  would  have  pre- 
ferred— and  I  think  manv  of  the  old  telephone  engineers 
would  have  preferred — that  he  had  adhered  to  the  old 
names,  and  it  will  be  noticed  that  in  his  drawings  lie 
reverts  again  to  the  old,  well-known  names. 

Mr.  W.  AiTKEN  ;  I  think  the  value  of  the  paper  would 
be  enhanced  if  the  author  could  supply  a  diagram,  so  that 
the  'Journal  would  contain  a  complete  record  of  the 
system.  The  author  has  described  more  particularly  the 
semi-automatic  system,  not  I  presume  because  he  favours 
that  more  than  the  full  automatic,  but  because,  as  he  told 
us  in  his  introductory  remarks,  he  leaves  that  to  the  pur- 
chaser. I  read  before  the  Institution  in  May,  191 1,  a 
paper-'  on  the  Strowger  automatic  system,  and  it  is 
interesting  to  note  the  different  outlook  to-day  on  the 
subject.  Then  most  of  the  speakers  were  a  little  doubtful 
about  the  position  they  should  take  up  in  regard  to 
automatic  telephony.  To-day  it  is  taken  for  granted  that 
the  automatic  telephone  is  the  right  thing.  The  automatic 
system  has  made  good,  and  is  now  in  use  in  every  pro- 
gressive country'  in  the  world.  There  are  only  two  dis- 
tinctive systems  in  use,  the  Strowger  system  and  that 
described  by  the  author,  the  one  working  by  a  ratchet  and 
motor  magnet  and  the  other  by  power-driven  shafting. 
Both  are  e.xcellent  in  their  way,  and  both  have  given  good 
results,  but  it  is  doubtful  whether  they  are  the  last  word 
on  the  subject.  We  have  had  shown  on  the  screen  a 
"Panel"  system,  and  I  believe  the  author's  firm  have  still 
another  system  in  the  development  stage,  so  that  there  is 
not  likely  to  be  standardization  and  finality  for  a  long  time 
yet.  Another  system  that  has  been  referred  to  to-night  is 
the  relay  system.  The  relay  svstem  is  wonderful  in  its 
efficiency  and  its  simplicity,  and  in  my  opinion  it  scores  in 
some  respects  over  the  other  systems.  The  author  states 
•  journal  I.E.E.,  1911,  vol.  47,  p.  651. 


on  page  266  that  there  are  three  limitations  to  the  switch-  Mr.  .Aitken. 
ing  system,  namely,  "  the  time  of  switching,  the  cost,  and 
the  number  of  machines,"  also  that  "  of  these  the  time 
limit  within  which  the  switching  operation  must  be  com- 
pleted has  imposed  the  most  rigid  restrictions."  That  is 
perfectlv  true  of  the  two  rotating  switch  systems,  but  the 
latter  remark  does  not  apply  to  a  relay  system  because  the 
action  is  instantaneous.  The  action  of  one  line  connecting 
to  another  of  a  group  is  instantaneous  whether  it  be  to  the 
first  or  the  last  line  of  a  group,  whereas  in  machine  switch- 
ing there  is  a  dift'erent  time  interval  between  making  the 
first  or  the  last  contact.  On  page  268  the  author  says 
"  The  subsequent  cost  of  maintenance  is,  however,  of 
weight,  since  this  cost  is  affected  in  a  more  important  way 
by  the  multiplication  of  moving  parts  than  it  is  by 
the  multiplication  of  fixed  parts."  In  a  relay  system 
the  movement  is  only  a  fraction  of  an  inch  and  there  is 
practically  no  wear  and  tear  ;  there  are  no  moving  parts 
analogous  to  machine  switches.  When  a  relay  system  is 
first  considered,  one  jumps  to  the  conclusion  that,  as  a 
relay  can  onh'  move  as  a  two-way  switch,  to  get  one 
circuit  having  access  to  a  considerable  plurality  it  is 
necessary  to  have  as  many  relays  for  each  switching  unit 
as  there  are  circuits.  That  is  not  the  case.  By  a 
particular  combination  of  relays  and  a  particular  arrange- 
ment of  wiring  the  number  of  relays  can  be  greatly 
reduced.  The  "carriage  call"  arrangement  is  most 
interesting,  and  is  a  very  fine  application  of  a  device  that 
was  known  to  some  extent  some  years  ago  in  this  country. 
Mr.  Arthur  Thorrison  in  his  "Dumb-operating"  telephone 
system  was  the  first  to  give  such  a  visual  signal  to  the 
operator,  but  in  a  much  cruder  form  than  this.  With 
regard  to  the  question  of  maintenance  mentioned  in  the 
paper,  it  is  interesting  to  note  how  the  figures  given  by  the 
author  confirm  the  figures  I  gave  in  191 1,  which  were  then 
taken  with  a  grain  of  salt.  Some  of  the  engineers  who 
criticized  my  paper  doubted  the  correctness  of  the  state- 
ment that  in  an  automatic  exchange  with  7,500  lines  at 
Grand  Rapids,  U.S..A.,  the  expenditure  for  renewal  of  parts 
was  only  1.8  cents  per  line  per  annum.  The  author's 
figures  give  a  still  lower  sum  than  that,  so  that  apparently 
the'  maintenance  of  automatic  systems  is  going  to  be  a  very 
small  matter  indeed. 

Mr.  B.  O.  .A.N-SOX  :  In  Fig.  9  the  author  presents  curves  Mr.  .Anson, 
showing  the  maximum  number  of  simultaneous  calls  that 
,  may  be  expected  to  occur  with  a  given  volume  of  traffic. 
These  curves  are  based  upon  mathematical  investigations 
corrected  by  practical  experience.  Curves  of  this  type  are 
not  new,  being  in  general  use  in  telephone  administrations 
for  the  purpose  of  controlling  the  provision  of  junction 
circuits  between  manual  exchanges.  It  will  be  noticed 
that  the  curves  shown  in  Fig.  9  are  for  calls  having  an 
average  holding  time  of  2  minutes.  It  is  customary  to 
prepare  curves  showing  dift'erent  holding  times,  but  an 
examination  of  a  large  number  of  curves  that  have  come 
under  the  notice  of  the  British  Post  Office  shows  that  they 
are  all  of  the  same  family,  and  that  the  independent 
variable  is  not  the  call  but  is  what  the  author  has  de- 
scribed as  the  call-minute.  In  the  Post  Office  curve 
mentioned  in  Table  6  the  number  of  simultaneous  calls 
was  plotted  against  the  T  C  (call-minute)  values.  The 
adoption  of  T  C  as  the  independent  variable  indicates  an 
important  difference  between  manual  and  automatic  tele- 
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phone  practice.  At  manual  exchanges  (with  the  exception 
of  junction  circuit  provision)  the  important  consideration 
is  the  number  of  calls  that  a  subscriber  originates,  or 
the  number  of  calls  handled  by  an  operator,  but  when 
we  come  to  consider  machine-switching  devices  the 
nunjber  of  calls  is  not  of  such  importance  ;  the  question 
at  issue  is  not  what  the  machine  will  connect  but  what 
it  will  carr>-  having  due  regard  to  the  average  length 
of  conversation.  Consequently  the  holding  time  begins 
to  assume  added  importance  and  its  appcirance  in  the 
base  line  in  the  traffic  curves  is  explained.  It  will  be 
realized  that  there  are  two  quite  distinct  attitudes  of  mind 
with  regard  to  traflfic  curves  as  affecting  the  design  of 
.lutomatic  plant.  The  first  is  that  of  the  contractor  who 
has  plant  to  sell,  and  the  other  is  that  of  the  administra- 
tion which  purchases.  In  the  Host  Oflice  we  found  it 
inexpedient  to  adopt  the  standard  curve  or  formula  of 
any  particular  contractor  or  foreign  telephone  .idministra- 
tion  and  constructed  an  arbitrary  curve  for  our  own  use. 
This  curve  was  constructed  by  reducing  all  other  available 
curves  to  the  T  C  basis,  plotting  them  together  on  the  same 
sheet  and  then  drawing  an  independent  curve  with  such 
precautions  as  were  needful  to  safeguard  our  interests  :  the 
new  curve  being  drawn  on  the  paper  within  the  region  of 
the  other  plotted  curves.  Table  (>  shows  the  effect  of  cal- 
culating the  size  of  a  large  group  of  switches  using  the 
formula;  of  the  three  different  systems.  I  think  it  is  only 
right  to  explain  that  the  Post  Office  chart  was  not  intended 
for  use  in  this  manner.  It  is  believed  that  the  second  and 
third  curves  in  Table  6  are  used  for  calculations  when  the 
holding  time  is  known  with  precision  and  are  therefore  an 
insti  unicnl  of  precision  in  the  hands  of  nianuf.iclurcrs  wish- 
ing to  design  plant  which  will  have  the  greatest  Iraflic- 
carrying  cap.icilv.  The  Post  Office  curve  on  the  other 
hand  was  constructed  with  the  object  of  using  holding- 
time  figures  obtained  under  manual  conditions  as  a 
guide  for  the  installation  of  a  new  automatic  exchange. 
The  resulting  cilculalions  concern  small  groups.  Wc 
have  here  two  important  points  to  consider  ;  first,  that 
holding-time  figures  obtained  at  one  period  do  not  neces- 
sarily apply  at  another,  in  other  words,  telephone  traffic 
varies  in  this  respect  in  a  number  of  devious  ways.  The 
busy-hour  holding  time  is  generally  shorter  than  the  corre- 
sponding figure  for  the  day's  average.  The  holding  time 
for  both  the  day  and  busy  hour  differ  at  different  seasons 
of  the  year,  and,  further,  the  holding  time  in  all  its  aspects 
is  likely  to  vary  as  the  exchange  grows  and  junction  traffic 
increases  in  volume.  The  second  important  aspect  of  the 
cim:  is  that  the  very  fact  of  an  exchange  being  con- 
verted from  nunual  to  automatic  working  alters  the  condi- 
'.  leads  to  a  reduction  in  the  holding  time,  and 
■  ntly  the  Use  of  manual  figures  is  likely  to  lead  to 
an  over-estimate  of  the  number  of  switches  demanded  in  the 
contract  specification.  This  tendency  to  inllatc  the  number 
of  »witchcs  required  is  one  that  cannot  l>c  evaluated  upon 
prcM:nl  knowledge,  but  whatever  that  tendency  may  be 
the  Po»t  Office  curve  obviously  occupies  the  mean  position 
'  illustrations  given  by  the  author.  It 
!  iImI  the  test  of  the  utility  of  curves  of 
may  I*  '  ■iprcsentcd  by  the  user's  con- 

ui   (heir  .<]  i.     It    can    be    slated    without 

'<  that  no  telephone  adininislralion  has  sufficient 
-    .:.  .-:,i.e  bniii  i»  ll^  iiattic  statitlics  and  its  trafiic  curves 


to  permit  it  to  make  the  necessary  calculations,  and  then  Ur.  Amon 
connect  subscribers  to  the  automatic  plant  up  to  its  full 
calculated  capacity.  Such  a  practice  would  undoubtedly 
produce  a  breakdown,  and  consequently  there  are  very 
real  reasons  why  the  telephone  administration  cannot  in 
its  actual  operations  pKicc  very  great  reliance  upon  traffic 
curves  of  any  kind,  however  precise  they  may  be  in  their 
scientific  basis.  It  appe.vs,  therefore,  that  although  the 
Post  Office  chart  is  arbitrary  and  different  from  other 
standards  that  have  been  adopted,  there  is  no  reason  to 
think  that  it  is  unsatisfactory  having  regard  to  the  facts 
indicated  above,  which  in  practice  seriously  limit  the 
application  of  trafiic  curves.  It  is  quite  true  that  in 
placing  orders  for  telephone  plant  upon  a  competitive 
basis,  it  is  necessary  to  make  allowance  for  equipment 
grouped  in  different  ways  by  different  contractors,  and,  of 
course,  the  application  of  a  specific  curve  theoretically 
tends  to  penalize  one  or  other  type  of  plant  according  to 
the  nature  of  the  standard  curve  adopted.  In  preparing 
the  Post  Office  chart,  however,  this  matter  was  not  over- 
looked, and  it  was  considered  that  calculations  of  traffic- 
carrying  capacity  in  .ill  except  special  cases  would  be 
concerned  not  with  such  large  numbers  of  switches  as 
those  indicated  by  the  author,  but  with  figures  that  cor- 
respond to  something  considerably  less  than  loo  switches. 
Usually  the  calculations  for  small  groups  give  a  result 
which  calls  for  a  number  of  switches  plus  a  fraction  of 
a  switch,  and  as  that  fraction  must  cither  be  ignored  or 
expanded  to  a  whole  switch  the  error  thus  introduced  is 
likely  to  be  greater  than  that  involved  in  tJjc  use  of  the 
different  types  of  traffic  chart.  With  regard  to  the 
Western  Klectric  automatic  system,  the  author  has 
shown  that  the  trunk-hunting  facility  affords  an  addi- 
tional tr.iffic  safeguard.  .At  one  time  I  w.-is  very  sceptical 
as  to  the  practical  value  of  this  facility,  but  events  have 
shown  that  it  is  of  gre.at  utility.  I  have  to-day  received 
information  from  a  Post  Office  exchange  of  the  Western 
Klectric  Company's  type  which  shows  that  in  a  particular 
CISC  (where  the  traffic  h.is  grown  abnormally  .ind  altera- 
tions are  pending)  the  maximum  number  of  g^oiip  switches 
recently  hunting  at  one  time  winch  actually  completed  the 
connection  was  nine.  All  nine  calls  were  completed 
within  2  or  ij  minutes  ;  showing  that  subscribers  will 
wait  on  the  line  when  they  know  th.at  in  due  course  a 
connection  is  likely  to  be  effective.  In  some  cases  where 
the  called  subscriber  was  engaged  the  group  switch 
secured  a  final  switch,  got  the  "engaged  signal."  was 
released,  and  the  same  final  switch  was  taken  up  again  in 
8  to  lo  seconds.  C.ises  have  been  observed  in  which  one 
final  switch  has  been  taken  up  in  this  w.iy  and  ii  leased 
again  five  successive  times  in  less  than  a  minute. 

{Commuiiicaloi)  :  The  author  deals  with  the  question  of 
annual  costs.  We  have  reason  to  think  that  the  main- 
tenance expenditure  will  be  comparable  with  that  of 
manujil  exchanges  for  all  automatic  plants  of  i,ooo  lines 
and  upwards.  There  will  be  some  increase  in  expendi- 
ture but,  as  the  author  slates,  the  cost  will  depend  almost 
entirely  upon  the  extent  lo  which  the  operating  adminis- 
tration h.Ts  confidence  in  laiving  the  plant  unattended. 
It  appears  clcir,  therefore,  that  the  financial  balance  will 
de|icn<l  upon  a  saving  in  operating  costs,  as  set  against 
financial  appropriations  due  lo  the  higher  first  cost  of 
automatic  .is  comp.ired  with  manual  plant.     These  finan- 
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cial  items  are  of  a  somewhat  elusive  character  when 
considered  from  the  point  of  view  of  an  administration 
whicli  must  decide  in  the  present  what  shall  be  its  policy 
in  the  future.  It  is  impossible  to  say  what  will  be  the 
rate  of  interest  on  capital  in  this  country  looking  forward 
a  number  of  years.  The  depreciation  fund  of  course  will 
be  influenced  not  only  by  changes  in  the  rate  of  interest, 
but  also  by  the  estimated  life  of  the  plant.  The  estimated 
life  of  the  plant  is  influenced  by  its  renewability.  Auto- 
matic plant  does  not  suffer  in  this  respect  from  the 
limitations  which  the  subscriber's  multiple  imposes  upon 
manual  plant.  The  experience  of  many  years  clearh- 
indicate  that  the  tendencj'  of  operators'  wages  is  to 
increase,  whilst  it  is  also  certain  that,  other  things  being 
equal,  the  tendency  of  the  first  cost  of  the  plant  is  to 
decrease  if  the  manufacturers  are  given  sufficient  orders 
to  enable  them  to  pay  off  their  development  and  to  intro- 
duce a  high  grade  of  organization  into  their  factories. 
These  two  tendencies  in  themselves  indicate  that  the 
adoption  of  automatic  plant  is  not  so  much  a  matter  of 
the  application  of  present  financial  charges,  as  the  appli- 
cation of  such  charges  projected  to  what  we  think  they 
are  likely  to  be  a  number  of  years  hence.  Tliis  solid  fact 
we  have,  however  ;  that  the  difference  between  automatic 
and  manual  working  cannot  be  seriously  to  the  disad- 
vantage of  the  automatic  system  even  upon  existing 
conditions,  whereas  there  is  every  prospect  of  progressive 
improvement  with  the  lapse  of  time. 

Mr.  E.  A.  Petithory  :  We  find  that  almost  at  the 
beginning  of  the  telephone  art,  engineers  were  seeking 
for  and  inventing  methods  of  setting  up  connections  by 


14^0,000 


120,000 


E  100.000 


t^ 


o  80,000 


60,000 


oj       40£)00 


^ 


loo  200 

Size  of  field  in  number  of  terminals 


300 


Fig.  D. — Relative  cost  ratios  between  size  of  field  and  switching 
apparatus  required  for  a  1,000-line  exchange. 

No.  of  calls  per  d.iy  =  10. 

Calls  per  busy  hour  =  13. 

Calls  lost  per  i.ooo  per  day  =  i. 

mechanical    means.      The  first  known   patent  was  taken 
out  in  1879  by  Connolly  and  McTighe,  then  follow  two 


others  in  1881,  while  the  first  semi-automatic  equipment  ^'j|-.j^^^ . 
patent  was  taken  out  in  November  1881.  All  of  these 
were  step-bv-step  mechanism.  In  April  1883  a  patent 
was  taken  out  for  a  system  using  power  drive.  In  1889 
Smith  took  out  several  patents  for  telegraph  trunk-working 
using  power  drive.  Strowger  in  18S9  was  the  first  to 
evolve  a  fairly  successful  system,  the  familiar  pill  box, 
as  it  is  called,  having  vertical  and  rotary  motions.  This 
patent  may  be  called  the  basis  of  successful  step-by-step 
systems.  Callenders  inventions  of  1893-94  anticipated  a 
large  number  of  the  modern  requirements,  such  as  two- 
wire  system  (no  earth  return)  ;  percentage  system,  i.e. 
supplying  only  enough  apparatus  to  perform  the  switching 
at  the  busy  hour ;  primary  and  secondary  circuit  selectors  ; 
storage  of  calls,  and  power  drive.    The  progress  from  that  * 

point  has  been  most  rapid,  most  of  the  failures  resulting 
from  not  appreciating  the  needs  of  the  traffic  engineer  on 
the  one  hand,  and  costs  and  good  construction  on  the 
other.  I  agree  with  the  author's  statement  at  the  foot 
of  page  267  re  size  of  macliine.  A  study  was  made 
some  years  ago  to  determine  whether  the  decimal 
system  and  the  loo-line  switch  bank  should  be  re- 
tained. It  is  feasible  to  use  banks  larger  than  100 
with  a  decimal  system,  but  to  save  complication  they 
are  usually  kept  to  multiples  of  100.  It  was  found  that 
about  90  per  cent  of  the  exchanges  in  this  country  are 
below  1,000  lines,  and  Fig.  D,  prepared  from  some  of  the 
data  collected  at  that  time,  shows  several  curves  giving 
relative  cost  ratios  of  switch  and  field  for  various  sizes  of 
fields.  On  the  curves  shown,  the  sizes  of  fields  (banks) 
are  represented  by  the  abscissas,  while  the  total  values  of 
switching  apparatus  (expressed  in  values  of  one  terminal) 
are  plotted  as  ordinates. 

Basic  Figures. 

Size  of  exchange 1,000  lines 

No.  of  calls  per  day  ...         ...        10 

No.  of  calls  per  busy  hour  ...       i'3 

No.  of  calls  allowed  for  being  lost 

per     1,000     (by     "probability" 

calculation)  ...         ...         ...  i 

On  Curve  i  the  value  of  the  switch  equals  200  terminals, 

the  value  of  field  being  equal  to  the  size  of  field,  i.e. 

loo-line  field  has  a  cost  value  of   100  terminals,  200 

lines,  200  terminals,  etc. 
On  Curve  2  the  value  of  the  switch  equals  400  terminals 

with  field  as  on  Curve  i. 
On  Curve  3  the  value  of  the  switch  equals  500  terminals 

with  field  as  on  Curve  I. 

It  will  be  seen  from  Curve  3  that  there  is  a  slight  advan- 
tage in  favour  of  loo-line  fields  as  compared  with  200-  and 
300-line  fields  (or  banks).  Curve  3  probably  represents 
the  actual  cost  ratio  of  switch  to  bank  on  switching 
apparatus  at  present  in  use,  better  than  Curves  i  and  2. 

Fig.  I.  in  the  paper  would  be  of  greater  value  for  com- 
parison if  the  number  of  calls  per  busy  hour  and  the  relative 
cost  value  of  the  switches  and  terminals  were  given.  Also 
the  basis  of  the  curve,  i.e.  an  exchange  of  100,000  lines, 
while  ideal  from  the  manufacturing  point  of  view,  can 
hardly  give  just  comparison  for  small  and  medium-sized 
exchanges.     Re    the    form    of    mechanism    to    be    used. 
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one  of  the  most  successful  and  coinnion  is  the  clock, 
which  embodies  both  power  drive  and  step  by  step. 
Stcp-by-stcp  mechanism  would  appear  to  be  the 
most  simple.  The  switches  .iccept  the  dialling  im- 
pulses direct,  whereas  with  power-driven  mechanism, 
owing  to  the  lower  speed,  it  appears  necessary  to  com- 
plicate the  apparatus  by  storing  or  register  devices,  in 
order  that  the  impulses  are  not  lost  and  to  give  them  out 
at  a  rate  of  speed  to  suit  the  switches.  Obviously  a  system 
that  can  accept  impulses  direct  appears  preferable,  other 
things  bemg  equal.  I  cannot  agree  with  the  author's 
statement  on  page  267  that  step-by-step  apparatus  need 
Ix-  of  extra  light  construction  owing  to  its  higher  speed 
and  the  work  to  be  performed,  and  therefore  of  loss  dura- 
bility, as  from  observations  I  have  made  it  would  appe.ir 
that  the  resultant  forces  due  to  moving  the  wipers,  and 
the  energy  to  be  dissipated  in  stopping,  arc  about  the 
same  on  both  power-driven  and  stcp-by-step  apparatus. 
This  seems  to  be  borne  out  by  the  fact  of  its  being  neces- 
sary to  provide  a  brake  to  ensure  the  wipers  of  the  power- 
driven  switch  stopping  correctly  on  the  chosen  contacts. 
Katchct-drive  apparatus  is  now  being  succcssfullv  worked 
at  speeds  up  to  (to  steps  per  second,  and  with  switches 
properly  distributed  to  suit  the  traftic  requirements  this 
speed  has  been  found  satisfactory  up  to  the  present.  The 
line  finder  described  in  the  paper  contains  60  sets  of  ter- 
minals being  driven  over  at  20  steps  per  second,  requiring 
3  seconds  to  pass  over  the  60  sets.  As  the  subscriber  can- 
not commence  dialling  until  the  line  tinder  has  picked  up 
the  calling  line,  presumably  in  extreme  cases  he  will  have 
to  wait  3  seconds  after  removing  the  receiver.  With  the 
usual  step-by-step  system  there  is  no  observable  waiting 
time  as  the  pre-selector  or  linp  finder  h.is  rciched  its 
required  point  m  from  J  to  J  second,  and  the  subscriber 
dials  at  once  after  the  receiver  is  removed.  The  system  of 
the  future  may  be  a  combination  of  stcp-by-step  and  power- 
driven  apparatus. 

Mr.    K.    M.   Wark  :   That  telephone  switching   can  be 

done  satisfactorily  by  automatic  means  must,  I  think,  be 

regarded  at  this  date  .as  an  accepted  fact,  although  opinions 

may  differ  considerably  as  to  the  best  way  to  attain  the 

desired  end.     The  author  favours  the  use  of  power-driven 

machines  of  more  or  less  massive  construction,  in  which  as 

much  of  the  work  as  possible  is  done  by  mechanical  means. 

I  am,  however,  of  the  opinion  that  the  tendency  in  the 

future  will  be  to  eliminate  the  mechanical  features  and  to 

substitute  for  them  equiv.ilcnt  electrical  means.    There  arc 

many  examples  in  manual   telephone  development  along 

these  lines  ;  for  instance,  the  Western  Klectric  Company 

in  their  manual  junction  boards  originally  used  a  ringing 

key  which    was  depressed  and  released  by  the  operator. 

Tlicv  then  employed  a  key  which   was  depressed  by  the 

<lor  and  held  down  by  a  latch,  but  was  electromag- 

.lly  rcleasc<l  by  withdrawing  the  latch  when  the  sub- 

'  r   answered.     The    latch    was   soon  replaced    by  an 

i.h,  but    finally   the   keys   were   done 

'  r   and  the  ringing  is  now  controlled 

ir   tcndcniy  ii  alre.idy   noticeable  in 

From  experience   during  the  p,ast 

three    V(-ar»,    on    a   nyMcm   in   which   the   whole   of   the 

twitching  and  connecting   i%  done   by   electrical   means, 

ix.   Mnipic  rclayit,  it  ha«  been  found  that  the  app.iratus 

will  w«irk  <ati»faclorily  within   very   wide   limits.     Relay 


selectors  will  work  reliably  with  a  large  variation  of  dial  Mr  ward, 
speed.  This  gets  rid  of  one  of  the  difficulties  in  full  auto- 
matic systems.  The  hunting  for  an  idle  line  is  not  done  by 
a  step-by-step  niovenicnl,  and  is  practically  instantaneous. 
It  therefore  takes  no  longer  to  connect  to  the  last  trunk  in 
a  group,  no  matter  how  l.irge  tli.it  group  may  be,  than  it 
docs  to  connect  to  the  first  trunk  in  a  group.  As  w.is  to  be 
expected  we  have  also  found  that  as  the  power  needed  by 
the  electromagnets  of  relays  is  so  small,  destructive  sp.ark- 
ing  is  practically  eliminated.  The  battery  voltage  may 
also  vary  considerably  without  causing  trouble,  and  the 
number  of  cells  can  be  varied  to  meet  the  local  condi- 
tions. We  have  plants  working  successfully  with  pres- 
sures of  ^4  volts,  yz  volts,  and  44  volts.  Further,  it 
appears  to  me  that  machine-switching  gear  will  dein.md 
maintenance  men  with  a  considerable  amount  of  mechanical 
skill  in  addition  to  electrical  knowledge,  whereas  a  relay 
system  seems  to  be  a  natural  development  of  common  ■ 
battery  working,  which  will  appeal  to  telephone  men,  as 
the  app.iralus  has  been  f.amiliar  to  them  for  the  p.-ist  15  or 
20  years.  Moreover,  I  think  it  will  be  admitted  that  given 
a  well-designed  relay,  with  plenty  of  current  and  good 
cont.act  pressure,  the  attention  required  will  be  a  mini- 
mum. In  conclusion,  the  point  I  desire  p.-irticularly  to 
make  is,  that  while  fully  appreciating  the  very  valuable 
work  which  the  author  has  done  in  automatic  telephony 
and  the  state  of  perfection  to  which  the  Western  Electric 
system  has  been  brought,  there  has  been  so  much  activity 
in  the  art  during  the  past  few  years  that  I  doubt  very  much 
whether  we  have  yet  reached  anything  like  finality. 

Mr.  W.   H.  Grixsticd:    Since    looO    I    have  been  very  ji, 
interested   in  the  subject  of    probability  or  ch.ancc  play, 


Kio.  E.    CoinpariiMm  o(  calculated  number  of  simultaneout 
connectionit  with  rc«ult«  from  Iradic  record  taken  May  1911. 

from  the  practical  .k  well  as  the  theoielical  point  of  view. 
I  fully  agree  with  the  author  as  to  the  use  and  signiticance 
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of  the  results  obtained  from  the  application  of  mathe- 
matical methods,  and  also  as  to  the  desirability  of  a 
uniform  method  of  computing  the  numbers  of  machines 
required.  Mr.  Anson  has  pointed  out  that  there  are  many 
factors  which  enter  into  an  administration's  considerations 
but  do  not  affect  the  designer.  I  think  that  although  this 
may  be  so,  these  methods  should  be  of  use  to  the  adminis- 
tration in  making  comparisons  between  different  sj'stems, 
as  well  as  to  the  manufacturer  in  selecting  the  most 
desirable  arrangements  of  his  switching  gear.  Probability 
charts  and  tables  are  of  use  to  the  automatic  telephone 
engineer  in  the  same  way  as  tables  of  interest  and  sinking 
fund  are  to  the  accountant,  enabling  the  automatic  engineer 
to  lay  out  his  apparatus  for  the  best  results,  just  as  the 
interest  tables  enable  the  accountant  to  choose  the  best 
way  to  lay  out  his  money.  The  first  step  towards 
uniformity  is  to  see  that  the  mathematical  methods  used 
by  the  different  computers  give  uniform  results.  I  have 
therefore  looked  into  the  question  as  to  how  closely  the 
author's  computed  figures  agree  with  those  computed  by 
my  methods.  I  will  give  one  or  two  examples  of  these 
results.  In  Table  4  series  of  figures  are  given  showing 
the  observed  and  calculated  distribution  of  calls  over  a 
group  of  10  trunks.  Taking  column  A,  my  calculated 
figures  compare  with  the  author's  as  follows  : — 


9 
10 


Again,  taking  the  curves  shown  in  Fig.  S,  my  computed 
points  fall  almost  e.xactly  on  the  author's  dotted  curve. 
I  do  not  know,  of  course,  what  mathematical  methods 
have  been  used  by  the  author.  Mine  were  developed 
in  1907  and  are  given  in  the  Post  Office  Electrical 
Engineers'  Journal  for  April  1915.  The  next  step  is 
to  ensure  that  the  mathematical  results  correspond  to 
the  practical.  The  author  has  already  given  conclusive 
evidence  on  this  point,  but  I  should  like  to  confirm  it 
by  just  one  example.  The  curve  shown  in  Fig.  E  gives 
the  calculated  probability  of  the  number  of  calls  simul- 
taneously in  progress  at  any  moment  exceeding  the 
numbers  given  at  the  foot  of  the  cliart.  The  points 
plotted  are  from  an  actual  traffic  record  made  in  May 
191 1  by  the  engineer  in  charge  of  a  large  automatic 
exchange  purelj'  for  his  own  purposes,  and  without  any 
connection  with,  or  in  fact  any  knowledge  of,  the  theo- 
retical results.  The  agreement  is  striking.  Results  like 
these,  I  think,  show  that  the  mathematical  methods  can 
be  used  with  confidence.  The  author  shows  in  Table  6 
what  different  numbers  of  switches  and  calls  lost  result  from 
the  different  charts  and  formulx  used  at  present.  Fig.  F 
shows  a  comparison  between  these  charts  and  formulas 
applied  to  small  groups  of  lines.  The  curves  show  the 
percentage  of   lost  calls  which  will  result  when  lines  or 
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switches  are  provided  for  given  calli  densities  according  Mr. 
to  the  various  charts.  The  scales  below  the  horizontal  ""^''^ 
axis  show  the  numbers  of  lines  which  are  provided  by 
each  method.  Curve  A  shows  the  conditions  when 
junctions  are  provided  in  accordance  with  the  practice 
followed  by  the  late  National  Telephone  Company 
between  manual  exchanges.  It  will  be  noticed  that  on 
very  small  groups  of  junctions  as  many  as  2  or  3  per 
cent  may  be  choked  on  account  of  junctions  busy.  This 
is,  of  course,  intentional  on  account  of  the  high  cost  of 
providing  additional  circuits  on  small  and  in  most  cases 
lengthy  routes.  The  Post  Office  chart  referred  to  in 
Table  6  (Curve  B)  modifies  this  in  the  small  groups, 
but  follows  the  Telephone  Company's  curve  for  larger 
traffic.  The  chances  given  by  the  formula  quoted  by  the 
author  (Curve  C)  are  remarkably  uniform  for  all  groups, 
seeing  that  the  formula  is,  I    believe,  empirical.     Curve 
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and  scale  (D)  represent  the  results  if  the  lines  are  provided 
in  such  a  way  that  one  call  per  1,000  is  lost  due  to  all 
the  junctions  in  the  group  being  engaged.  It  should  be 
noted  that  when  any  of  the  methods  illustrated  are  used 
for  fixing  the  number  of  switches  or  trunks  required  in 
every  group  throughout  an  automatic  exchange,  the  per- 
centage of  calls  shown  is  lost  at  each  operation  of 
selecting.  Thus,  assuming  an  exchange  with  first  and 
second  pre-selectors,  first  and  second  selectors  and  con- 
nectors, the  switching  equipment  being  provided  exactly 
in  accordance  with  scale  (C),  roughly  o'5  per  cent  of  the 
busy-hour  traffic  would  be  lost  in  testing  at  the  second 
pre-selectors,  at  the  first  and  second  selectors,  and  at  the 
connectors,  so  that  the  overall  loss  for  the  busy  hour  would 
be  2"o  per  cent.  The  curves  shown  illustrate  roughly  the 
basis  on  which  things  are  being  worked  now.  The  fixing 
of  the  standard  to  be  worked  to  in  the  future  must  be  left 
to  the  administrations  operating  the  equipi.ients.  The 
author  puts  forward  a  loss  of  i  per  1,000  on  the  day's  calls, 
amounting  on  his  showing  to  4  per  1,000  on  the  busy-hour 
calls.     This  is  on  the  basis  of  2  busy  hours  in  the  day.      I 
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I  do  nut  Ihink  tliat  this  corroponds  exactly  to  British  traflic 

'^"^^  cuocs.  The  a/tcrnoon  peak  is  generally  considerably 
lower  than  the  morning  |>cak,  and  in  the  morning  the 
actual  peak  rarely  lasts  more  than  j  hour.  The  author 
apparently  takes  any  hour  in  which  the  traffic  is  more  than 
So  per  cent  of  the  actual  peak  as  a  busy  hour.  This 
scarcdv  seems  justifiable,  since  the  percentage  of  lost 
I .  ■,  I  TV  r.ipidly  as  the  traffic  falls  off.    I  would 

>;..  :c.  adhering  to  the  one  lost  call  per  1,000 

on  tiie  day  s  calls,  but  assuming  only  one  busy  hour,  so 
allowing  8  lost  calls  per  1,000  on  the  busy  hour.  This 
standard,  of  course,  would  apply  inside  the  e.vchaiige 
only  ;  when  outside  junctions  enter  into  the  question  it 
is  possible  some  moditicalion  might  be  necessary.  Ccr- 
tainlv  the  standard  suggested  docs  not  err  on  the  side  of 
bad  service  when  one  remembers  that  170  per  1,000  of  the 
busy-hour  calls  arc  choked  at  the  called  subscriber's  line, 
and  that,  as  Mr.  Laidlaw  has  pointed  out,  the  instantaneous 
disconnect  .ilone  would  permit  17  calls  per  1,000  to  be 
choked  in  the  equipment  without  making  the  service  worse 
than  on  the  manual  system, 
r  L«r.  ^^-  J-    Lee  :   The   author   does    not    always   use   each 

wt>rd  with  its  own  connotation.  Even  the  American 
word  "  office  "  and  the  English  word  "  exchange  "  are  used 
occasionally  in  the  same  sentence  with  precisely  the  same 
meaning.  We  want  our  nomenclature  standardized. 
Statistics  also  should  be  collected.  Old-fashioned  men 
are  bound  to  be  somewhat  alarmed  with  the  high  traffic 
loads  given  on  page  389.  It  would  seem  to  us  that  if  the 
semi-automatic  system  can  carry  these  loads  it  defeats 
itself.  The  amount  of  time  given  to  each  subscriber  is  so 
small  as  not  to  be  an  appreciable  service,  and  it  is  manifest 
that  the  difference  l>etween  a  service  of  this  kind  and  full 
automatic  is  very  sm.ill.  At  the  same  time  one  can  see  the 
value  of  a  semi-automatic  system  in  the  stages  of  develop- 
ment of  a  vast  .area  like  London,  from  full  manual  lo  full 
automatic,  and  it  seems  to  me  that  that  function  of  the 
semi-automatic  system  is  the  special  value  which  is  proved 
by  this  paper.  We  get  another  aspect  of  the  case  when  we 
consider  timed  distribution.  This  is  all  right  where  the 
subscriber  merely  asks  for  a  number  and  there  is  nothing 
more  to  be  done  but  lo  connect  him  :  but  it  is  obvious  that 
any  demands  which  occasion  time,  any  uncertainty  as 
regards  numl>crs  or  exchanges,  any  use  of  a  coin  Ih)x  or  a 
nir>rp  or  It--^  complicatid  device,  must  throw  out  of  gear 
1  bution.     I  should  like  to  know  something 

.'    M,  which  with  100  per  cent  junction  traflic 
Id  have  a  connecting  time  of  tX  seconds.     Even  in 
..  ,^>.l  of  the  loads  on  this  exchange  and  the  answering 
lime  we  seem  lo  have  much  tn  learn,  and  it  may  be  that  it 
1       ■   '     '  ;"^cially  favoured  with  every  advantage, 

I  '  public. 

il.  Mi.   II.    11.    !  I    have   no   criticism   lo   make 

**"•*'•■      ctrrpt  on  "nr  ••  minor  points.     At  the  bottom 

'is  made  :  "  Il  has  not 

'  il  service  lo  propel  the 

rminalii  over  more  than  alviut  50 or  Ao  terminals 

^1  I  iverpool  I  can  show  the  author  a  switch 

.   .i»  a  trunk-hunting  twitch  or  a  call 

100  contact<i  per  second  and  yet 

I)  it   ha»  found  the  idle  trunk  or 

Kig.  I  i»  in  my  opinion 

o(  view  of  the  switch 


with  a  Lirger  number  of  contacts  than  100.  There  is  a  *}'^ 
considerable  difference  in  the  number  of  motor  switches 
between  no  lines  and  100  lines,  but  between  too  and  200 
the  difference  is  not  considerable,  and  from  200  to  1,000 
the  curve  is  very  flat  indeed.  When  it  is  borne  in  mind 
that  as  soon  as  we  depart  from  the  simple  decimal  system 
at  the  exchange,  auxiliary  de\ices  in  respect  of  registers 
for  storing  the  decimal  signals  and  translating  them  into 
non-decimal  impulses  are  requisite,  it  appears  to  me  that 
the  adoption  of  switch  banks  for  larger  numbers  than 
100  lines  is  of  doubtful  advantage.  I  should  like  the 
author  to  tell  us  whether,  in  regard  to  the  curve  represent- 
ing the  number  of  switches,  the  registering  devices  which 
are  required  for  anything  over  too  lines  have  been  taken 
into  account. 

Mr.  J.  Hedley  (communicated):  With  regard  to  thcMr.Hrdlcy 
number  of  tixed  terminals,  it  is  possible  to  obtain  a  similar 
efficiency  with  17  switches  with  200  fixed  terminals,  as 
with  20  switches  for  systems  with  100  fixed  terminals; 
e.g.  assume  that  10  switches  are  required  for  a  group  of 
100  lines  with  a  call  duration  (TC)  of  5-2  ;  for  two  such 
loo-linc  groups,  each  with  T  C  of  5*2,  20  switches  arc 
required.  With  a  20o-linc  group  of  similar  TC,  i.e.  10*4, 
only  17  switches  arc  required.  In  connection  with  ex- 
changes provided  by  the  Western  Electric  Company  this 
reduction  was  allowed,  i.e.  each  contractor  provided 
switches  for  the  Post  Office  lo  give  the  same  probability 
of  congestion  occurring.  Economy  in  the  provision  of 
switches  therefore  results  by  .idopting  fixed  terminals  for 
200  lines  as  compared  with  100  lines.  With  regard  to  the 
percentage  of  calls  dcl.iyed  owing  to  the  deficiency  of 
junctions  in  manual  exchanges,  referred  to  by  the  author 
on  pages  271  and  272,  the  curve  used  by  the  Post  Office  for 
junction  provision  is  admittedly  conservative,  the  prob- 
ability of  congestion  being  of  the  order  of  i  in  30  ;  for  the 
initial  fitted  capacity  of  an  automatic  exchange  there  is 
little  advantage  in  providing  switches  very  much  in  excess 
of  manual  practice,  as  the  probability  for  congestion  occur- 
ring during  the  initial  stage  after  conversion  to  automatic 
working — when  the  number  of  working  subscribers  is 
much  less  than  the  fitted  capacity,  and  the  holding  time 
reduced  for  .lutomatic  working  as  compared  with  manual 
— will  be  negligible.  The  all-important  point  for  m.inu- 
facturcrs  lo  concentrate  upon  is  to  design  their  systems  so 
that  the  cabling  and  tcrmin.1l  .arr.mgemcnts  and  switch 
j.ack  assembly  will  enable  the  user  with  facility  to  fit  extra 
switches  throughout  the  various  channels  in  an  automatic 
exch.inge  equipment,  to  cater  for  the  traffic  as  found 
necessary  under  actual  working  conditions, 

Mr.  S.  H.  PooK  {cpmniuiiualoi):  The  paper  indicates  Mr 
the  detailed  way  in  which  the  traffic  side  of  the  question 
is  investigated,  but  it  appears  thai  some  engineers  strive 
after  an  i<leal  which  can  only  be  alLiiiied  at  excessive  cost. 
The  author  sl.iles  that  Curve  M  in  Kig.  <)  would  result  in  a 
loss  or  delav  of  4  per  cent  of  the  calls  in  the  busy  hour  under 
certain  conditions.  A  higher  efficiency  than  this  appear* 
desirable,  bill  il  does  not  seem  necessary  to  go  lo  such  a 
high  efficiency  as  01  per  cent  foi  the  day  which,  1  believe, 
is  the  figure  adopted  by  some  makers  in  the  absence  of  a 
definite  specification  from  the  customer.  An  efficiency  of 
o'l  percent  means  that  an  average  subscriber  will  only  be 
inconvenienced  alviut  twice  a  year,  and  when  il  is  re- 
incmlMrred    that    the    day's    delays    from    "number    and 
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junctions  engaged  "  are,  say,  15  per  cent  on  a  good  manual 
system,  and  that  the  change  to  automatic  cannot  materially 
reduce  this,  it  seems  that  money  is  being  spent  on  refine- 
ments whicli  are  not  appreciated  by  the  subscriber  and 
which  do  not  earn  a  proportionate  amount  for  the  adminis- 
tration. From  a  rough  calculation  it  appears  that  upwards 
of  10  per  cent  of  the  switches  would  be  saved  if  a  figure  of 
total  delays  of  o'25  per  cent  for  the  whole  da}-  instead 
of  o'l  per  cent  is  assumed.  I  have  not  the  information  to 
say  what  saving  this  represents  in  the  first  cost  of  equip- 
ment, but  I  suggest  that  a  curve  setting  out  percentage 
delays  against  equipment  first  costs  would  be  of  great 
assistance  to  the  operating  engineer.  Fig.  9  suggests  a 
large  saving  in  cost  if  i  per  cent  delays  on  the  whole  day 
can  be  tolerated,  and  it  is  conceivable  that  manual  equip- 
ment to  take  the  peak  load  might  be  a  success  if  the 
automatic  equipment  were  designed  at  this  or  a  lower 
efficiencv.  Apparatus  might  be  arranged  to  put  the  calling 
subscriber  through  to  a  manual  operator  in  the  event  of 
the  switches  being  busy,  and  this  operator  might  have 
access  to  all  lines,  either  by  a  multiple  in  front  of  her  or 
via  the  connectors.  In  this  waj-  standing  costs  might  be 
reduced  sufficient!}'  to  outweigh  the  additional  labour  costs 
involved.  One  operator  could  deal  with  the  delayed  calls 
on  a  large  exchange  and  would  only  be  employed  in  the 
busy  hours,  leaving  the  rest  of  the  day  free  for  other  work. 
Smaller  equipments  would  be  designed  on  such  an  efficiency 
as  would  yield  enough  "  delay  work  "  during  the  busy  hour 
to  keep  one  operator  busy.  Statistics  could  be  kept  of  the 
portions  of  apparatus  causing  most  delays,  and  thus 
accurate  figures  would  be  available  for  each  extension  and 
more  switches  could  be  added  if  necessary  as  the  exchange 
grows,  always  keeping  the  "  delay  work "  within  the 
capabilities  of  one,  or  whatever  is  found  to  be  the 
economical  number  of  operators.  The  justification  of 
such  a  scheme  might  not  be  so  marked  in  the  case  of  a 
system  which  continually  hunts  as  in  one  which  returns  an 
engaged  signal  for  each  deficiencj-  of  trunks  ;  possibly  it 
is  worth  consideration  in  both  cases.  I  have  not  the 
material  with  which  to  work  a  case  out  in  detail  ;  the 
author  can  no  doubt  saj'  at  once  ifthe  scheme  is  practicable 
and  likely  to  be  economical. 

Mr.  F.  R.  McBerty  {in  reply) :  Mr.  Gill  has  raised  a 
number  of  questions  about  the  percentages  of  errors  in 
machine-switching  equipments,  which  I  shall  answer  by 
reference  to  Table  A. 

The  distinction  between  errors  in  operation  and 
mechanical  faults  in  the  equipment  is  difficult  to  make 
and  to  preserve  in  the  office  records.  In  a  full  automatic 
system  reports  of  errors  largely  come  from  subscribers, 
but  tend  to  disappear  as  the  percentage  becomes  small, 
and  have  little  direct  effect  upon  the  faults  cleared.  The 
faults  must  be  discovered  by  routine  tests,  in  which  the 
fault  causing  an  error  is  at  once  located  and  cleared,  so 
that  it  does  not  produce  repeated  errors  as  in  actual 
service.  In  semi-automatic  service  without  supervision 
the  same  conditions  apply  to  errors ''and  faults  of  certain 
kinds,  but  ordinarily  not  to  faults  in  the  progress  of  selec- 
tion ;  and  the  observations  of  operators  must  be  supple- 
mented by  routine  tests.  In  semi-automatic  systems  with 
supervision  the  connection  is  throughout  under  the  obser- 
vation of  the  operator,  who  if  properly  trained  can  return 
a  complete  report  of  errors,  which  in  a  large  percentage  of 


cases  can  be  traced  to  their  causes,  and  may  not  be  re-  Mr. 
peated.  In  certain  full-automatic  exchanges  operated  by  '  *"  '  *' 
the  British  Post  Office  a  like  observation  by  the  operators 
of  the  traffic  through  the  toll  boards  furnishes  useful  infor- 
mation of  developing  faults.  In  the  above  table  the 
"  trials  ''  (i,  6,  7)  were  tests  made  under  carefully  worked- 
out  methods  for  ensuring  accuracy,  applied  by  trained 
men  before  the  cut-over  of  the  exchange,  and  give  a 
reliable  measure  of  the  accuracy  of  mechanical  switching. 
The  results  in  operation  are  records  of  errors  reported  by 
subscribers,  operators,  and  patrols  in  the  offices  ;  Nos.  2 
and  3  are  the  records  of  persons  well-trained  for  the 
purpose  and  are  quite  reliable.  Xos.  5  and  8  are  the 
routine  reports  of  the  administrations  operating  the  equip- 
ments. They  probably  show  results  which  are  below  the 
actual  occurrences,  but  as  checked  by  the  observations  4 
and  9  bv  trained  engineers,  not  much  below.  The  obser- 
vations include  operator's  errors.  In  office  G  no  routine 
tests   were   made,  the   operator's  reports   of   error   being  • 

Table  A. 
Errors  and  Faults. 


No.  of 
Test 

Office 

Record 

CaUs 
Observed 

Errors, 
% 

Faults 
Cleared, 

% 

I 

G 

Trial 

0-2 

2 

G 

Operation 

212,517 

0-32 

0-05 

3 

K. 

Operation 

82,064 

0-52 

— 

4 

I 

Observation 

200 

I'O* 

0 

S 

I 

Operation 

84,264 

— 

0-015 

6 

Trial 

123.753 

0-087 

— 

7 

Trial 

2.797 

0 

0 

8 

Operation 

186,928 

0096 

9 

J 

Observation 

700 

0 

0 

*  Wrong  buttons  pressed. 

relied  upon  to  keep  the  equipment  in  order  ;  the  records 
Nos.  5  of  office  I,  and  7  and  8  of  office  ]  include  routine 
tests.  Information  is  at  hand  as  to  subscribers'  errors  only 
for  office  C  in  Table  9  ;  in  3,151  service  observations  made 
by  trained  traffic  observers  102  errors  due  to  subscribers 
were  observed,  including  wrong  selections  and  accidental 
movements  of  the  switch  hook.  There  is  no  case  in  the 
offices  listed  in  the  tables  in  which  the  number  of  machines 
has  been  accurately  worked  out  from  the  traffic  records  ; 
the  first  case  to  the  author's  knowledge  in  which  this  was 
done  was  in  the  plans  for  the  equipment  of  Christiania  of 
about  30,000  lines,  under  the  supervision  of  Mr.  Abild, 
Chief  Engineer  of  the  Telegraph  Adminstration,  by  Mr. 
P.  V.  Christensen.  Xo  data  is  at  hand  covering  calls  for 
information  in  semi-automatic  systems.  The  deduction  in 
respect  of  the  higher  number  of  man-hours  required  by 
administration-owned  plants  is  interesting,  but  hardly 
warranted  by  the  facts.  The  smaller  exchanges  require 
relatively  more  men,  and  these  happen  to  be  owned  by 
administrations  ;  also  the  oldest  equipments  require  more 
maintenance  labour.  Only  one  of  the  equipments  in  the 
list,  namely  office  H,  is  operated  by  the  British  Post 
Office.  As  to  the  labour  of  maintenance  of  automatic 
equipments  by  the  British  Post  Office,  the  notes  below  will 
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be  interesting  (Table  B).  They  show  the  estimated  man- 
lu'ur  per  line  per  year  for  maintaining  the  whole  inside 
.  iiicc  plant  ol  six  automatic  exchanges  for  which  records 
.irc  available  covering  more  than  (>  months.  Five  have 
been  omitted  for  the  reason  that  they  are  small  equipments 
and  have  not  yet  been  sufficiently  long  in  operation  to  be 
significant  in  this  connection  : — 

Taiile  B. 
Man-hours  per  line  per  year  (1916). 


Size        ...  0-^00        500-1,000       1,000-1,500 
Oftice    ...       V        H  .\         Y  \V 

Average...       8\j      97       <><>      81         9-0 

Maximum  i2'3     11*6      too     9*0       11-4 
Minimum       5-6      7*8       (ro     7-4         76 


1 ,500-4,000 
Z 

6-2 

7 '5 
4-8 


The  numbers  of  man-hours  per  line  per  year  arc  esti- 
mated for  12  full  months  from  actual  experience  over 
periods  from  6  to' 12  months.  The  average  is  estimated 
from  the  aver.ige  of  the  months  recorded,  the  maximum 
from  the  highest  month,  the  minimum  from  the  lowest 
month.  The  labour  covers  in  these  cases  the  m.iintcnance 
of  the  office  equipment  including  the  automatic  machinerv, 
main  and  intermediate  distributing  frames,  power  plant, 
service  meters,  and  manual  switching  equipment  for  toll 
or  other  purposes,  but  not  wire  chief  or  supervision. 
While  the  portion  of  this  labour  required  by  the  mechani- 
cal switching  equipment  cannot  be  separated  from  the 
other  labour,  the  total  figures  compare  favourably  with 
the  lalxiur  of  maintaining  the  mechanical  switching  equip- 
ment only  shown  in  Table  9.  Mr.  Gill's  observation  that 
a  larger  percentage  o(  delayed  calls  can  be  tolerated  than 
of  lost  calls  corresponds  with  results  observed  in  pr.ictice  ; 
but  the  question  as  to  the  exact  effect  in  delaying  calls  (in 
a  system  of  registers  or  mechanism  for  repc.iled  testing)  is 
not  now  answerable.  The  manner  of  defining  the  calls 
del.iyed  by  operator>  in  answering  seems  suitable  for  this 
case — that  i^  to  specify  one  or  several  percentages  of  calls 
delayed  for  different  numbers  of  seconds.  The  mathe- 
matical method  of  computing  the  delays  is  not,  however, 
s-itisf-tctorily  worked  out,  and  insuflicicnt  statistical  data 
is  yet  available  to  permit  an  empiric.il  definition  being 
formulate<l.  Specifying  a  total  number  of  seconds  of  delay 
logcthiT  witli  a  limited  maximum  delay  fails  to  take 
actoiiiit  s.ili-if.ictorily  of  peak  loads  111  short  intervals  or 
in  parlicuLar  numerical  groups,  which  may  del.ay  calls 
excessively  in  lime  or  in  numl>er.  Table  13  shows  the 
average  delay  of  calN  in  obtaining  free  trunks  which 
-"  ■'■'.\  from  .vbitr.irily  reducing  the  numbers  of  trunks 
iblc  to  four  different  groups  of  final  switches,  I, 
II.  Ill,  IV.  The  delay  was  observed  at  the  wailing 
rrfi\%\rT.  Iving   mfasiircd  from  the  moment   ot    choosing 

'1.  through  the  time  of  seck- 
'  ,;  the  brush  ill  the  latter. 

1  he   indication  of   studies  so  far  made  is  that  without 

(.r.«ln.  ini'     unrcatonablc    delays   of     calls     considerable 

in  Ihc   machine  equipment  can   be   made  as 

with     instantaneous     testing    and    busy-Kack 

amounting   perhaps  to   10   per   cent   or   even 

J"  |i' I    i(.nl. 

Mr.  LaidUw,  I  note,  cxprckici  the  opinion  that  in  groups 


of  200  lines  20  junctions  per  level  are  perhaps  not  warranted  Mr. 
by  traffic.  It  is  found  in  designing  exchanges  with  such  *''^"*"- 
groups  that  in  nearly  all  fairly  large  eijuipments  large 
groups  .are  fully  used  in  all  numerical  groups  and  for  all 
selections  excepting  a  limited  number  at  the  final  switches 
or  connectors.  In  the  last  case  at  low  calling  rates  there 
will  be  considerable  numbers  of  groups  of  200  lines  which 
do  not  require  20  junctions.  The  economies  of  large 
groups  are  therefore  obtained  for  the  great  majority  of  the 
trunk  groups.  I  agree  with  Mr.  LaidLaw  that  consider.abic 
economics  might  be  made  if  the  assignment  of  the  c.iUcd 
lines  in  definite  blocks  served  by  a  fixed  number  of 
junctions  or  switches  could  be  avoided,  but  I  am  doubtful 
whether  .at  present  such  .irrangements  can  be  produced 
which  do  not  expend  the  savings  from  this  feature  in 
mechanism  for  bringing  about  the  proper  distribution 
of  traffic.  He  might  have  emphasized  even  more  strongly 
the  assistance  which  call-distribution  in  semi-.automatic. 
systems  affords  in  adjusting  the  operating  force  to  the 
traffic  curve.  It  is  app.irent  on  reference  to  Figs.  1 1  and  12 
that,  .as  the  calling  rate  in  the  office  diminishes,  the  team 

Table  C. 
Ciilh  delayed  for  Irunki,  busy  hour.     Oj^ce  y. 


X 

umber  ol  Switches 

N'o.  Of 

Time  for 
SelecUng 

CalU 

Number  of 

Te»l 

Calls 

I 

11 

lit 

IV 

I 

16 

i.S 

18 

_ 

0 

* 

3 

9 

6 

6 

9 

32 

I 

130 

3 

9 

6 

6 

9 

3-8 

0 

49 

4 

9 

6 

6 

9 

3-6 

t 

70 

I 

I 

1 

S 
S 

6 
6 

11 

as 

4.S 

133 

'83 

7 

b 

S 

S 

b 

91 

25 

7« 

of  operators  will  eventually  be  reduced  to  a  point  where 
the  operators  no  longer  work  with  the  same  efljciency  and 
produce  the  same  percentage  of  dcKays  ;  but  the  efficiency 
is  reduced  and  the  delays  arc  increased  in  a  much  less 
degree  than  in  a  manual  equipment,  while  by  reason  of 
the  brief  handling  time  the  operators  are  able  to  carry 
considerable  rushes  of  calls  without  producing  excessive 
delays.  The  provision  is  made  in  large  equipments  for 
monitor  operators  to  take  calls  through  the  helping-out 
apparatus  during  periods  of  increasing  load.  The  con- 
clusions formulated  by  Mr.  Kaidlaw  agree  to  a  very 
gratifying  degree  with  those  of  the  author  from  the  facts 
presented.  As  lo  the  relative  merits  of  full  automatic  and 
semi-automatic  operating,  however,  my  view  is  tli.it  the 
av.iilable  machine-switching  equipments  are  siiit.ibic  for 
cither  manner  of  working  ;  the  constructor  is  prepared  to 
furnish  equipment  for  either  service  with  no  great  differ- 
ence in  first  cost  or  cost  of  maintenance,  and  the  traffic 
engineers  should  now  determine  the  conditions  which 
may  lead  to  a  choice  of  the  one  or  the  other,  or  of  both 
for  differing  conditions.  I  do  not  agree  with  Mr.  Laidlaw, 
however,  with  respect  to  the  value  of  operator's  super- 
vision of  the  connections  in  semi-automatic  equipments. 
Huch  supervision  of  all  connections  permits  the  mechanical 
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switching  equipment  being  kept  in  condition  for  excellent 
performance,  and  with  such  performance  little  actual 
telephonic  interference  is  required.  When  the  operator 
who  makes  a  connection  is  able  to  come  into  the  circuit 
as  required,  she  is  able  to  satisfy  the  user  without 
occasioning  repeated  calls  to  operators  who  have  had 
no  share  in  the  initial  connection.  Such  service  is 
peculiarly  important  in  multi-office  areas  undergoing 
conversion,  and  m  which  semi-automatic  equipments  are 
operated  together  with  manual  boards  in  which  super- 
vision is  still  maintained. 

All  telephone  engineers  will  observe  the  development  of 
the  relay-switching  system  described  by  Colonel  Clay  with 
great  interest.  The  simplicity  of  the  mechanical  structure 
is  attractive  not  only  from  the  manufacturing  point  of 
view  but  in  the  working  equipment.  Such  complexities 
and  difficulties  as  characterize  the  system  are  mainly  in 
fi.xed  wiring  and  circuit  networks,  which  may  be  expected 
to  give  little  trouble.  In  the  view  of  the  author  the  question 
whether  switchmg  machines  or  switching  relays  will  pre- 
vail in  competition  will  be  determined  largely  by  con- 
siderations of  cost. 

Mr.  Stubbs  has  referred  to  the  difficulties  which  automatic 
working  offers  in  respect  to  "through  switching"  in  such 
complex  networks  as  those  operated  by  the  Post  Office. 
The  difficulties  of  the  problems  here  encountered  are  real 
and  it  cannot  be  said  that  solutions  have  yet  been  found  for 
many  of  them  equally  satisfactory  wath  those  found  for  local 
switching  problems.  On  the  other  hand  it  appears  to  many 
engineers  highly  probable  that  the  introduction  of  machine- 
switchjng  equipment  for  througli  working  and  switching  at 
remote  points  can  bring  about  very  substantial  improve- 
ments in  service  as  well  as  substantial  economies  in  trunk 
lines.  The  use  of  registers  or  similar  mechanism  permits 
considerable  delays  in  the  automatic  choosing  of  lines,  and 
also  repeated  selections  to  link  together  roundabout  paths 
through  the  network,  thus  offering  economies  in  plant. 
The  electrical  control  of  such  switches  as  are  now  available 
is  quite  feasible  over  ranges  which  include  a  large  pro- 
portion of  the  trunk  traffic  about  cities,  thus  permitting  the 
elimination  of  operators,  with  improvement  in  speed  and 
accuracy  of  service. 

I  agree  with  Mr.  Sinclair  in  his  wish  that  acceptable 
names  might  be  found  for  the  elements  which  machine- 
switching  systems  have  in  common,  but  I  have  been  unable 
to  accept  the  names  already  existing  as  fully  descriptive  or 
satisfactory.  There  are,  for  example,  no  generic  terms 
which  distinguish  switches  seeking  calling  terminals  and 
those  choosing  terminals.  The  term  pre-selector  fre- 
quentl}'  seems  to  have  special  reference  to  the  Keith 
switch,  and  fails  to  include  various  forms  of  post-selectors 
like  the  line  finder  and  the  small  seeking  switch  commonly 
known  by  the  German  name  "  Vorwahler."  The  distinction 
which  is  commonly  made  between  selectors  and  connectors 
is  not  obvious,  since  either  can  perform  the  function  of  the 
other  without  other  change  than  that  of  its  position  in  the 
switching  network.  The  designation  of  switches  as  first 
group  switches  or  first  group  selectors,  and  final  switches 
or  final  selectors  would  seem  to  be  more  logical. 

The  inclusion  in  the  paper  of  circuit  diagrams  as 
suggested  by  Mr.  Aitken  appeared  to  me  to  be  unde- 
sirable for  several  reasons,  one  of  which  is  that  a  consider- 
able variety  of  circuits  would  be  required  to  exhibit  the 
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features  described  in  the  paper  ;  and  another  that  a  long  Mr- 
and  detailed  description  is  necessary  for  following  the  "^  "  ^' 
diagrams.  A  description  of  the  semi-automatic  system  in 
considerable  detail,  with  adequate  diagrams  and  descrip- 
tions of  the  circuits,  will  be  found  in  a  paper  read  by 
Mr.  J.  Hedley  before  the  London  Centre  of  the  Institution 
of  Post  Office  Electrical  Engineers  on  February  4,  1916, 
which  is  issued  by  the  Librarian  of  that  Institution. 

Mr.  Anson's  advocacy  of  the  time-calls  or  call-minutes 
curve  employed  by  the  Post  Office  for  estimating  the 
number  of  trunks  and  machines  required  is  in  accordance 
with  my  own  preference.  The  charts  commonly  employed 
are  computed  for  the  2-minute  average  holding  time 
which  was  accepted  for  central  battery  manual  service  ; 
the  diminished  holding  time  in  automatic  service,  as  well 
as  the  considerable  deviations  from  the  average  which  in 
estimating  the  machine  equipment  for  automatic  exchanges, 
are  well  worth  taking  into  account,  makes  the  time-call 
curve  more  readily  applicable.  Within  the  range  of 
variation  in  holding  time  and  hourly  calling  rate  experi- 
enced in  ordinary  exchanges  there  is  little  difference 
between  the  time-call  curve  and  the  corresponding 
2-minute  holding-time  curve. 

As  to  the  preference  for  empirical  charts  in  place  of 
general  formulae  based  upon  the  theory  of  probability,  the 
latter  would  seem  to  ha.ve  the  advantage  of  more  general 
applicability  and  of  covering  ranges  over  which  statistical 
data  cannot  be  obtained  in  manual  working,  and  to  which 
the  empirical  curves  cannot  be  safely  extended  ;  and  the 
probable  percentage  of  lost  or  delayed  calls  can  after  all 
be  obtained  from  the  empirical  curves  only  by  resorting  to 
the  mathematical  calculations.  While  it  is  clearly  still 
desirable  to  employ  the  mathematical  methods  of  esti- 
mating with  caution  and  under  suitable  checks  from 
experience  with  traffic,  it  is  suggested  that  the  estimates 
be  safeguarded  by  the  addition  of  factors  of  safety  to  be 
separately  fixed  and  judiciously  applied.  Mr.  Anson 
refers  to  the  relation  between  first  cost  of  machine- 
switching  equipments  and  the  quantity  manufactured. 
This  is  an  extremely  important  matter  and  one  which 
the  author  may  be  pardoned  for  emphasizing  as  a  con- 
trolling influence  in  the  application  of  machine  switching 
quite  apart  from  the  commercial  aspect.  The  possibihty 
of  producing  machine-switching  systems  is  consequent 
upon  modern  methods  of  manufacture  in  quantity.  ■ 

Among  the  comments  made  by  Mr.  Petithory  I  observe 
the  suggestion  that  power-driven  mechanism  requires  a 
complicated  call-storing  apparatus,  the  allusion  being  no 
doubt  to  the  register.  The  statement  is  hardly  correct, 
since  a  power-driven  apparatus  may  be  operated  directly 
from  the  subscriber's  station,  and  since  also  the  register 
has  a  number  of  useful  functions  of  which  the  control  of 
the  driving  mechanism  is  not  the  most  important.  The 
speed  of  searching  for  a  calling  line  cannot  be  estimated 
from  that  required  by  a  single  finder,  for  the  reason  that 
ordinarily  several  finders  search  for  the  calling  line  at  the 
same  moment ;  there  is  thus  a  relation  between  the  time 
of  selecting  a  calling  line  and  the  number  of  finders  free 
for  taking  it.  The  time  for  taking  up  the  calling  line 
rarely  reaches  3  seconds  and  ordinarily  is  well  within  i 
second. 

I  would  amend  the  statement  l)y  Mr.  Ward  that  the 
Western   Electric   Company  in   the  development   of   the 
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I  -ystcin  and  in  subsequent  improvements 

1  working  in  Ilic  direction  of  relays,  to  the 
cncit  that  the  company  has  been  workinj;  rather  in  the 
ducciion  of  performing  by  power  the  work  which  had 
been  previously  performed  by  hand  or  not  at  all.  A  rclav 
may  be  regarded  as  a  motor  magnet  driving  a  switch  con- 
tact to  cither  of  two  fixed  points  :  and  the  conditions  for 
minimum  cost  may  require  a  somewhat  more  complicated 
motor  driving  a  switch  member  to  the  chosen  one  of  a 
larger  number  of  lixcd  points.  Kclays  are  not  subject  to 
the  ^.iru-  sort  of  wear  as  mechanical  switches,  but  arc 
s  subject  to  their  own  peculiar  wear,  which 
i  >-•  largely  ujxin  surfaces  of  platinum  or  other 
costly  metal  ;  and  though  tlicy  respond  quickly,  the  speed 
bears  a  relation  to  the  work  performed,  and  varies  greatly 
under  variations  of  voltage  or  resistance.  There  seems  to 
be  in  the  field  of  telephone  switching  distinct  opportunities 
for  the  application  of  this  very  interesting  and  Litest 
.irrival  in  the  family  of  automatic  switching  mechanisms, 
thi'iicli  it  seems  probable  that  some  considerable  time  and 
:  •  lence  of  performance  and  cost  will  be  necessary 

t  trate  a  general  superiority. 

In  connection  with  Mr.  Grinstcd's  contribution  to  the 
discussion  and  in  the  interests  of  historical  sufficiency  I 
should  like  to  mention  that  the  first  substantial  contribution 
to  the  theory  of  chance  as  applied  to  telephone  traffic  was 
nude  by  Mr.  M.  C.  Rorty  in  a  paper  accompanied  by  a 
series  of  charts  read  at  my  invitation  before  the  Western 
Branch  of  the  American  Institute  of  KIcctrical  Engineers 
in  1903.  This  paper  so  far  as  I  am  aw.are  has  not  been 
printed,  though  it  has  become  generally  known  and  has 
formed  the  basis  of  much  of  the  subsequent  work.  The 
chart  showing  the  correspondence  between  the  observed 
and  the  calculated  arriving  calls  in  a  large  exchange 
(Kig.  K)  is  a  contribution  of  which  the  value  and  signifi- 
cance will  be  appreciated.  Mr.  ("irinstcd  rightly  directs 
attention  to  the  fact  that  the  lost  or  delayed  calls  estimated 
at  different  points  of  congestion  of  a  machine-switching 
system  should  l>e  in  some  sense  cumulative.  It  is  neces- 
sary to  mention,  however,  that  in  the  case  of  lost  calls 
those  which  arc  blocked  at  any  stage  of  selection  do  not 
appear  at  the  succeeding  stages  ;  that  the  losses  due  to 
peak  loids  in  time  apparently  are  not  affected  by  the  same 
conditions  as  those  which  appear  in  particular  numerical 
grniip*.  ;  and  that  in  the  case  of  calls  which  arc  delayed 
t,  the  quality  of  service  cannot  be  determined 
'■  j'lc  summation  of  delays  at  different  stages  of 

selection. 

It  i»  not  dear  to  me  whether  the  traffic  loads  referred  to 

by  Mr.  I«cc  as  alarming  "old-fashioned  men"  arc  those 

given  for  manual  or  for  machine-switching  e()uipments. 

In  making  the  comparison  of  semi-automatic  with  manual 

'  .in<l  high  lo.ads  have  been  selected 

'  .  as  near   to  the  extreme  expcri- 

as  seemed  reasonable,  in  order 

,.  might   not   lie   unduly  favoured. 

M   at  which  a  load  of  35K  calls  per  busy  hour 

:ved  ik   that  al   Kalamazoo,  Michigan,  the  tests 

frrini   which  Ihcw:   load*  were   obtained  being  the  wcJl- 

'■■■■■     ''  '~ te»l»,   made    by    experienced    traffic 

'■  in  the  paper  a«  presenting  probably 

'  'iianual  service.     I   may  note, 

'     purely  local,  and  ha»  zero 


not  too  per  cent  trunk  traffic.  The  loads  for  semi-  Mr 
automatic  operators  on  the  contrary  have  been  chosen  "'''"^'^ 
from  a  great  quantity  of  data  with  care  to  eliminate 
imperfectly  supj-vorted  claims  as  well  as  observed  loads 
which  are  extreme  though  well  esUblished.  For  the  semi- 
automatic system  with  manual  answering  the  handling 
time  is  equated  to  flat  rate  calls  and  is  the  result  of  3.S90 
observations  by  trained  and  disinteresti-d  traffic  engineers. 
The  handling  time  and  observed  load  given  for  office  F  is 
the  average  of  5,455  observations  of  all  calU  ,i>  they 
occurred  at  the  .-V  positions,  the  records  being  in.uie  by 
automatic  instruments  which  I  have  examined  and  believe 
to  record  correctly.  The  record  of  handling  times  aiul 
loads  for  office  O  was  also  of  calls  as  they  occurred  and 
made  by  automatic  instruments,  and  was  checked  under 
my  supervision  by  trained  observers.  The  loads  for 
office  P  are  equated  to  fl.at  rate  calls  from  automatic 
records  covering  all  calls  for  one  month,  the  equation 
taking  account  of  single  button  calls  to  manual  oflices. 
The  records  of  handling  times  for  offices  J  and  I  were 
made  by  trained  obscr\'crs  with  stop  watches  and  represent 
aver.iges  of  particular  tests  of  100  calls  as  they  occurred, 
confirmed  by  observations  numbering  1,400  and  400 
respectively.  The  observed  operators'  loads  arc  read 
from  automatic  meters  counting  key-operations  in  con- 
tinuous records  which  are  available  from  the  beginning  of 
operation.  As  to  the  effect  on  the  timed  distribution  of 
calls  which  are  irregular  or  require  exceptional  attention, 
it  should  be  explained  that  under  normal  loads  and  chance 
distribution  the  percentage  of  first  waiting  cills  is  not 
large  relatively  to  the  calls  reaching  an  operator,  while  the 
percentage  of  second  and  third  waiting  calls  is  very  small. 
Thus  unless  the  calls  requiring  exceptionally  long  handling 
time  should  be  much  more  frequent  than  is  commonly 
observed,  the  disturbance  of  the  timing  arrangement  to 
the  disadvanl.age  of  wailing  subscribers  would  be  slight. 
Table  D  below  shows  the  h.iudling  times  measured  from 
answering  the  call  to  pressing  the  last  button  in  605 
observations  of  calls  as  they  occurred. 

Table  D. 


No 


Numt>er 
ol  CM\ 


loo 
'"5 

Ic.ll 

KXl 


1  ATcragc  Time, 

Maxtmum 

Minlraum 

»ec. 

Time,  •cc. 

lime,  MC 

y2 

70 

2  2 

30 

»o3 

'■5 

32 

120 

ax> 

3-3 

78 

!■« 

.'•.'; 

60 

'5 

.V5 

24-0 

10 

Although  the  average  handling  time  has  heen  obl.iinecl  for 
a  further  large  number  of  connections  the  observations 
were  made  with  an  integrating  stop  watch  and  no  record 
was  obtained  of  maximum  and  minimum.  In  100  cases 
of  supervision  by  the  telephone,  both  for  recalls  and  other 
purposes  in  oflicc  J,  the  average  duration  of  supervision 
was  j-js,  the  minimum  1.2,  and  the  maximum  loh.  In 
office  I  the  average  handling  time  for  calls  to  toll  and 
information  was  24  seconds,  for  the  correction  of  errors 
y-H  sccoiuls,  and  for  normal  calls  \2  seconds.  The 
observations   when   compared   with    similar  observations 
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at  manual  switchboards  suggest  that  a  result  of  brisk  and 
"'^  ■      businesslike    attention    and    disposition   of   calls   by    the 
operator  is  a  marked  increase  of  briskness  on  the  part 
of  the  subscriber. 

Mr.  Harrison  observes  that  Fig.  i  shows  little  difference 
between  loo-point  and  200-point  switches.  It  is  to  be 
noted  that  the  crossing  of  the  two  curves  at  the  100  point 
is  purelj-  an  accident.  The  chart  indicates  the  numbers 
only  of  switches  and  terminals,  and  the  difference  is  much 
more  marked  when  the  actual  cost  estimates  are  con- 
sidered. The  registers  have  not  been  counted  in  the 
equipment  of  machines.  The  difference  in  cost  between 
loo-point  and  larger  switches  of  types  with  which  I  am 
familiar  is  sufficient  to  cover  the  cost  of  registers  with 
a  considerable  margin.  The  registers  have,  however,  other 
valuable  functions  besides  that  of  numerical  translation 
to  permit  the  use  of  large  switches.  Further,  if  desired, 
the  advantages  of  large  switches  can  be  obtained  in  all 
selections  excepting  that  of  the  wanted  line  without  the 
aid  of  translating  registers. 

Mr.  Hedley's  remarks  cover  in  a  definite  w-ay  the 
question  raised  b)'  Mr.  Harrison.  Mr.  Hedley's  observa- 
tion that  the  reduction  in  duration  of  connection  which 
results  from  machine  switching  increases  the  probabilitj' 


of  successful  connection  concurs  with  the  general  experi-  Mr. 
ence  ;  in  office  I,  for  example,  the  duration  of  connection  *''=^"'y- 
in  semi-automatic  equipment  was  about  half  that  ob- 
served in  the  manual  equipment  which  it  replaced,  and 
leaves  such  a  surplus  of  machines  that  under  normal 
conditions  no  call  is  blocked  or  delayed  by  trunks  busy. 
In  answer  to  the  question  by  Mr.  Pook  in  respect  of 
the  significance  in  terms  of  first  cost  of  Fig.  9,  the  cost  of 
the  machine-switching  portions  of  the  equipment  is  nearly 
proportional  to  the  numbers.  The  cost  of  a  complete 
working  equipment  is,  however,  modified  by  the  addition 
of  several  elements  which  are  not  proportional  to  traffic, 
namely,  power  plant,  line  and  cut  off  relays,  meters,  desks 
and  manual  toll  switching  equipment.  I  have  no  doubt 
that  the  proposed  multiple  overflow  arrangement  for  busy 
hours  could  be  operated,  but  I  am  inclined  to  think  that 
a  form  of  mechanical  overflow  would  probably  prove  more 
economical.  The  suggestion  that  records  be  kept  of  peak 
loads  of  tr.iftic  at  the  different  points  in  the  system  where 
calls  are  choked,  is  quite  practical  and  has  found  applica- 
tion in  a  few  exchanges  with  excellent  results.  It  appears 
probable  that  automatic  exchanges  will  be  equipped  in 
advance  with  recording  mechanism  for  automatically  re- 
cording traffic  conditions  at  different  points  in  the  system. 
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Mr.  T.  Plummer  :  The  question  of  automatic  tele- 
""■  phones  has  received  much  consideration  in  recent  years, 
and  the  Post  Office,  in  order  to  test  the  rival  claims  of 
various  systems,  has  had  machine-switching  telephone 
gears  installed  by  different  contractors  at  several  tov^'ns 
throughout  the  country,  totaUing  about  i6  in  all.  Careful 
records  are  being  kept  of  the  costs  of  capital  and  main- 
tenance, as  well  as  of  the  defects  of  the  different  systems 
and  the  faults  to  which  they  give  rise,  so  that  in  the  course 
of  the  next  year  or  two  full  information  on  these  most 
important  matters  will  have  been  secured  by  the  Tele- 
phone Administration.  Apart  from  the  question  of 
economy  in  the  employment  of  operators,  the  great 
improvement  in  machine  switching  is  in  mj'  opinion  the 
substitution  of  rigid  electrical  and  mechanical  contacts 
and  gears  for  the  fle.xible  switching  cords  ordinarily  used 
on  manual  boards.  Telephone  men  know  what  a  very 
large  percentage  of  complaints  of  unsatisfactory  working 
are  due  solely  to  defective  cords,  and  no  matter  how  fre- 
quently tested  and  rapidly  thrown  out  of  use,  the  flexible 
cords  remain  the  essentialh'  weak  feature  in  the  manual 
switchboard.  The  reduction  in  the  employment  of  opera- 
tors brought  about  by  the  installation  of  machine  switching 
has  a  most  important  bearing  on  the  question  of  building 
costs,  as  the  smaller  number  of  operators  means  a  very 
large  saving  in  exchange  buildings,  not  only  on  account 
of  the  comparatively  small  floor-space  occupied  by  the 
machine-switching  gear,  but  also  the  saving  in  retiring 
rooms,  dining  rooms,  etc.,  for  the  operators.  This  saving 
has  not  been  referred  to  in  the  paper.  The  automatic 
system  has  a  further  advantage  in  relieving  the  telephone 
service  from  the  imputation — rarely  deserved — of  the  delaj' 
in  completing  i,alls  on  the  part  of  the  operators.  The  sub- 
scriber makes  his  own  call  and  knows  that  any  following 
delay  is  entirely  due  to  the  person  called  not  attending 


promptly  to  the  telephone.    The  arrangements  for  machine  Mr. 
switching   have  been   worked  out   to   give   practically  an  p'"™™"- 
identical  service  to  that  with  the  manual  board,  the  only 
difference  being  in  relation  to  the  need  for  the  handling  of 
traffic  by  operators  on  a  manual  board  in  connection  with 
certain  differential  rates  for  the  use  of  junctions  and  the 
trunk  service.     Self-contained  towns  seem  to  me  to  give 
the  best  results  in  the  economy  of  operating  staff  which  is 
brought  about  by  the  absence  of  junction  circuits  to  other 
exchanges,  unhke  an  area  served  by  multi-exchanges.    The 
sj'stem  should  also  be  useful  for  providing  exchange  ser- 
vices at  villages  with  a  couple  of  junctions  to  the  nearest 
large  town.     Such  facilities  at  present  are  greatly  handi- 
capped by  the   relative   high  costs  of  night  and  Sunday 
attendances  for  operators.     Some  installations  of  this  de- 
scription are  now  under  trial  by  the    Post   Office.     The 
semi-automatic  system  for  the  distribution  of  all  incoming 
traffic    amongst   operators   on   a   central   battery    manual 
switchboard  has  also  been  introduced  at  the  Paddiiigton        ' 
Exchange,  London,  and  is,  I  believe,  giving  entirely  satis- 
factory results.     I  agree  with  the  author  in  his  conclusions 
on  page  290  as  to  the  maintenance  of  machine  switching. 
Our  experience  is  that  the  type  of  skilled  men  employed 
in   dealing   with   the   maintenance   of    ordinary  common 
battery  exchanges  of  the  larger  type  are  fully  capable  of 
handling  automatic  exchanges,  and  there  is  no  need  for 
the  special  training  of  such  men  in  workshops  where  the 
manufacture  and  assembly  of  the  apparatus  takes  place. 
The  figures  relating  to  the  maintenance  man-hours  seem 
rather  low  ;  the  author  has  explained  that  they  refer  to  the 
moving  switches  only.     Locally,  such  low  figures  have  not 
been  reached.   In  automatic  working  certain  moving  parts, 
as  well  as  power  plant,  etc.,  have  to  be  provided  and  main- 
tained irrespective  of  the  number  of  exchange  lines  actually 
connected,  and  in  many  instances  additional  subscribers' 
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circuits  could  be  handled  without  appreciably  increasing 
cither  the  total  capital  costs  or  annual  maintenance  charges 
of  the  plant.  Another  point  concerning  maintenance 
co-i>  i-i  f  ixld  automatic  exchanges  arc  installed, 

rcl.ilivcl)  must  be  expected,  as  a  certain  number 

of  men  have  to  Ik-  trained  in  excess  of  the  .icliial  require- 
ments, so  as  to  be  available  in  case  of  emergency  through 
sickness,  etc.  This  factor  will  disappe.ir  .^s  the  type  of 
exchange  becomes  more  general,  and  a  margin  of  trained 
stafT  will  then  be  a\-ailable  for  emergencies. 

Mr.  R.  G.  Masaroon"  :  I  have  observed  one  feature  in 
working  an  automatic  telephone  exchange  to  which  there 
is  no  allusion  in  the  paper,  nor  indeed  in  any  liter.iture 
which  I  have  seen  on  the  subject.  It  is  that  the  subscriber 
1^  i:ivcn  something  to  do  in  getting  his  call  through.  I 
Ihmk  that  inventors  in  the  past  have  been  too  leniently 
disposed  towards  the  subscriber  by  relieving  him  of  the 
necessity  of  doing  anything  except  to  lift  the  telephone 
from  its  rest  and  to  speak.  It  is  notorious  that  after  a 
change-over  from  a  magneto '  sj-stem  to  central  battery 
working,  subscribers  frequently  complain  of  the  delay  in 
answenng  calls,  although  the  service  under  the  new  con- 
diliin<  is  superior  to  what  it  has  been  under  the  old,  i.e.  the 
:r  _"  time  is  less.     This  has  proved  to  be  due  to  the 

;  having  nothing  to  do  but  wait  after  putting 
the  telephone  to  his  car.  whereas  in  a  m.igneto  system 
there  is  a  handle  to  turn,  and  the  time  p.isses  more 
quickly.  I  am  glad  to  sec  that  the  tendency  of  invention 
is  now  in  the  other  direction,  and  I  look  forward  to  the 
time  when  all  exchanges  will  be  automatic  and  the  sub- 
-.viScT  in  making  a  call  from,  say,  Exeter  to  Dundee  will 
.  jii.itc  dials  controlUng  the  mechanism  at  iiilcrniediatc 
points,  say.  Bristol.  Birmingham,  Leeds,  and  Edinburgh, 
and  thus  set  up  the  circuit  for  himself.  I  should  like  to 
ask  the  author  whether  any  means  has  been  devi.scd  for 
redistributing  the  lines  for  outgoing  traflfic.  Any  redistri- 
bution which  necessitates  changing  subscribers'  numbers 
i'-  out  of  the  question,  and  the  rigidity  of  the  automatic 
-v-uin  in  this  respect  appears  likely  to  be  the  cause  of 
ditticullies  in  adjusting  traflic  to  meet  abnormal  conditions. 

Mr.  W.  t.".  Bckiikiix.k:  With  reference  to  the  author's 

1  the  penultimate  paragraph  on  p.'igc  28S,  1  would 

■      ,  the  saving  in  the  comparatively  heavy  conduit 

and   cable  cost  which  would  ensue   from  the  pl.icing  of 

small  automatic  units  requiring  only  occisional  attention 

in   suburban   areas,   and   the  connecting   of   such   to  the 

central  autonLitic  exchange  by  a  limited  number  of  trunks. 

Can  the  author  s;iv  whether  the  I'niled  States  administra- 

1  their  Ion  K-nce  of  automatic  plant,  have 

(kI  in  thi  ii  ? 

Mr.  K.  K.  MtBKKTV  {in  reply)  :  Mr.  Plummcr  refers  to 
the  %aving  in  co»t  of  exchange  buildings  which  results 
from  reducing  the  number  of  operators  and  the  special 
,i,,.,i,.i  -ind  facilities  provided  for  them.  This  matter, 
'(  rctl  and  large  importance,  was  not  referred 
I'l  r  :  for  the  reason  that  no  direct  comparisons 

arc  Manual  equipments   are   comnionlv   filled 

•;ied  fur  llii-m  ;  but  even 

I  i)f  l;ind,  the  nature  of 

:ii'nl  of  the  switchboard  fix  in 

■  y  the  ratio  of  space  to  lines 

or  iraHic  tcrvcd.     In  many  of  the  ofAccs  accommodating 


machine-switching  equipments  shops  of  substantial  dimcn-  Mr.  _ 
sions  for  repair  work  have  been  installed,  which  somewhat  '  "^ 
reduce  the  saving  in  space.  Such  shops  now  arc  seen  to 
be  unnecess.iry.  In  niv  experience  no  case  has  arisen  in 
which  the  machine-switching  equipment  required  as  much 
space  as  a  manual  equipment  of  equal  capacity  ;  in  general 
the  service  for  an  equal  number  of  lines  requires  lloor- 
space  equal  to  two-thirds  of  that  for  a  manual  equipment. 
An  important  advantage  of  machine-switches  is  that  of 
distributing  the  machinery  into  rooms  of  anv  form  or 
arrangement  in  plan  or  in  elevation  in  a  way  impossible 
with  manual  multiple  boards,  permitting  a  highly  econo- 
mical utilisation  of  the  available  space.  As  to  Mr. 
Plummer's  reference  to  the  number  of  man-hours  required 
for  the  niaintcn,-incc  of  the  local  exchange  (Dudley,  in 
operation  9th  September,  1916)  the  record  of  maintenance 
labour  is  at  hand  for  the  first  four  months  only,  during 
which  lime  the  average  man-hours  per  line  estimated  for. 
the  year  would  amount  to  247.  During  the  period  in 
question  the  exchange  had  320  lines  in  operation,  a  calling 
rate  of  about  16  per  line  per  d.iy,  with  "  in  "  and  "  out" 
toll  traflic  amounting  to  about  8  calls  per  line  per  day. 
The  toll  traflic  was  served  by  a  six-position  manual  board. 
The  estimated  man-hours  cover  both  the  machine-switching 
equipment  and  the  manual  portions  of  the  equipment, 
but  exclude  the  time  of    wire  chief  and  the  supervision. 

The  observation  of  Mr.  Masaroon  that  the  oper-ition  of 
the  full  automatic  di.al  gives  the  subscriber  something  to 
do  and  produces  on  him  the  impression  that  he  is  obtain- 
ing prompt  service  touches  a  peculiarity  of  the  user  which 
manifested  itself  at  the  adoption  of  the  central  battery 
automatic  signalling  equipment,  and  in  a  few  cases  led 
to  the  provision  of  an  artificial  means  of  occupying  the 
attention  of  the  subscriber,  such  as  the  turning  of  the 
handle  of  a  magneto.  The  f.ict  emphasizes  the  desire  to 
avoid  waste  of  time— a  desire  which  c^in  be  met  in  machine- 
switching  systems  by  further  development  in  the  direction 
of  eliminating  mechanical  delays.  The  question  as  to 
means  for  redistributing  lines  for  outgoing  traflic  has 
received  an  answer  by  Mr.  Laidlaw,  whose  description 
and  illustration  of  the  by-path  system  will  be  found  on 
page  295. 

Mr.  Burbridgc  asks  whether  experiments  have  been 
m.ade  in  the  United  St.ites  in  the  saving  of  conduit  and 
cable  by  pl.icing  small  automatic  units  in  suburban  arc;is. 
Such  equipments  have  been  constructed  at  a  number  of 
places  in  the  I'nited  States,  notably  at  San  Francisco, 
California,  and  Columbus,  Ohio,  .although,  so  far  as  I  am 
aw.are,  no  equipment  has  been  planned  for  the  maximum 
economy  of  underground  plant.  In  thinly  settled  areas 
the  maximum  economy  can  be  obtained  only  by  the  use 
of  small  units  ;  the  limit  to  the  diminution  of  the  si/.e  of 
the  unit  has  been  the  high  cost  of  housing  and  mainten- 
ance rather  than  the  first  cost  of  mechanism.  With  the 
progressive  improvement  of  machine  switcliing  units  such 
a  reduction  of  cost  of  maintenance  and  housing,  with 
elimination  of  appar.atus  for  keeping  the  switching  equip- 
ment clean,  dry,  and  warm,  is  to  be  expected  as  will 
permit  the  planning  of  equipments  for  extensive  areas 
with  a  view  to  balancing  first  cost  of  wire  and  conduit 
against  first  cost  of  the  switching  mechanism  as  a  main 
rather  than  a  subordinate  factor  in  annual  ch,argc. 
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THE     DETERMhNATION     OF     THE     SEQUENCE     OF 

WATTMETER     READINGS. 


PHASES     FROM 


By    Dr.    GiSBERT    K.\PP,    Past-President. 

(Piif-cr  received  13  March,  1917.) 


The  so-called  "  two  wattmeter  method "  of  measuring 
the  power  flowing  through  a  three-phase  line  may  be 
used  to  determine  the  power  factor  according  to  the 
well-known  formula 


cos  <p  =  \ 


!+'■ 


v/li-r+r') 


where  r  is  the  ratio  between  the  two  readings.  This  ratio 
has  to  be  determined  by  dividing  the  smaller  reading  by 
the  larger,  and  the  power  factor  may  then  be  read  off  from 
a  chart  such  as  is  used  in  every  test-room.  The  same 
chart  may  be  used  if  the  two  readings  are  obtained  by  the 
well-known  modification  of  the  "  two  wattmeter  method  " 
where  both  readings  are  taken  on  the  same  wattmeter  by 
using  a  change-over  switch  for  the  pressure  circuit  of  the 
wattmeter. 

The  chart  tells  us  what  the  power  factor  is,  but  nothing 
more.  It  does  not  tell  us  whether  the  current  is  leading 
or  lagging  nor  the  sequence  of  phases.  This  can  only  be 
found  if  we  know,  not  onlj'  the  ratio  of  the  two  readings, 
but  also  their  signs  as  determined  by  the  sequence  of 
phases.  Before  we  can  tell  whether  an\'  particular  power 
factor  read  off  on  the  chart  means  a  lagging  or  a  leading 
current,  we  must  know  the  sequence  in  which  the  phases 
follow  each  other.  When  the  generator  is  close  at  hand  it 
is  possible — though  it  may  not  be  very  convenient — to 
trace  back  the  circuit  to  the  generator  and  by  observing 
the  direction  in  which  the  generator  is  driven  to  establish 
the  sequence  of  phases.  Let  us  label  the  three  terminals 
A,  B,  and  C,  then  the  current  (or  the  electromotive  force) 
in  each  will  attain  its  positive  crest  value  120  time  degrees 
after  the  other.  Thus  B  may  attain  its  positive  crest  value 
(or  any  particular  phase  condition)  120°  after  A  or  C  has 
attained  the  same  condition.  In  the  former  case  we  have 
the  sequence  A-B-C  and  in  the  latter  the  sequence 
C-B-A. 

By  tracing  back  the  circuit  to  the  generator  it  is  there- 
fore possible  to  interpret  the  chart  reading  as  regards  the 
sign  of  the  phase  angle  :  positive  for  a  lagging  and 
negative  for  a  leading  current.  But  it  is  not  always 
convenient,  and  is  frequently  impossible,  to  trace  the 
circuit  back  from  the  point  where  the  power  measurement 
is  made  to  the  generator.  There  may  be  a  distance  of 
miles  between  the  two  points  and  there  may  be  various 
transformations  within  that  distance.  In  such  cases  some 
other  method  purely  local  must  be  employed. 

One  obvious  method  is  to  insert  a  little  inductance  into 
the  main  lines  and  repeat  the  power  measurement.  If  the 
power  factor  is  then  smaller  than  without  the  artificial 
inductances,  the  current  is  normally  lagging  ;  if  greater,  it 
is  normally  leading.  Such  a  device  is,  however,  costly, 
because  the  inductances  must  carry  the  main  current  and 


must  be  rather  heavy  pieces  of  apparatus.  Their  insertion 
means  at  least  a  temporary  interruption  of  the  supply,  and, 
even  after  they  have  been  inserted,  some  alteration  and 
disturbance  in  the  regular  condition  of  the  supply  of 
power  to  the  load.  For  these  reasons  we  may  dismiss  this 
expedient  as  clumsy  and  often  impracticable. 

The  following  method  is,  however,  quite  practicable  ;  it 
does  not  interfere  with  the  power  supply  to  the  load,  and 
the  additional  cost  is  confined  to  the  provision  of  a  paper 
condenser  of  a  few  microfarads  capacity.  The  arrange- 
ment of  apparatus  is  shown  in  Fig.  i.  W  is  the  wattmeter 
as  ordinarily  used,  S  is  the  change-over  switch,  also  as 
ordinarily  used,  and  K  is  a  condenser  which  can  be  short- 
circuited   by   inserting   the   plug   G.     When   the   plug  is 
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Fig.  I. 

inserted  the  sum  of  the  wattmeter  readings  gives  in  the 
usual  way  the  total  power.  If  the  plug  is  withdrawn  the 
condenser  is  in  series  with  the  pressure  coil  of  the  watt- 
meter and  the  current  through  this  coil  is  slightly  advanced 
as  compared  with  the  usual  test.  The  two  readings  will 
therefore  be  different  from  those  obtained  with  the  con- 
denser short-circuited,  and  by  analysing  the  two  sets  of 
readings  it  is  possible  to  determine  whether  the  sequence 
of  phases  is  A-B-C  or  C-B-A,  and  also  whether  the 
current  supplied  to  the  load  is  lagging  or  leading. 

Fig.  2  shows  the  vector  diagram  for  sequence  A-B-C 
and  a  lagging  current.  AC  and  AB  are  the  E.M.F. 
vectors  of  the  pressure  coil  if  the  switch  is  connected  to  C 
and  B  respectively.  The  wattmeter  readings  are  respec 
tively  P^  and  P»  and  are  proportional  to  the  projections  of 

21* 
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H  I.  Ill  n. a  >>.cior.     If  now  the 
:  !•".  vectors  assume  the  positions 
:  ion  of  the  condenser 
■;  where 


tan  7  = 


KK 


1: 
t.. 


.    K  is  the   capacity   m   inicro- 
ince  of  tlic  pressure  circuit  of 

(AC)' 


KiG.   1. 

the  wattmeter  iii  o-iius.  The  precise  value  to  be  given 
lo  7  need  not  be  known,  but  for  greatest  accuracy  it 
should  be  about  one  -  which  0(AC)  makes 

wjlh  0.\.  or  say  15'.  ;!>  the  usual  frequency 

o(  -ft 

K  =  1 2000/ R  microfarads. 

The   new  readings  will  now  be  reduced,  first  because 
of  the  greater  angle  between  the  current  and  pressure 


vectors,  and  secondly  because  the  current  in  the  pressure 
coil  has  been  reduced  in  tlie  ratio  of  1  to  cos  7.  The 
power  is  proportional  to  :'  !ion  of  O  i  and  O  6  on  the 

current  vector.     The  C'  ii^  points  aic  V.  and  P^. 

For  a  very  small  laj;  ^,  1'.  may  not  be  smaller  tlian  V,  ; 
but  for  all  values  of  lag  from  o  to  yo°  \\  is  smaller  than 
I*,,  and  this  is  a  criterion  for  the  conditions  to  wliich  the 
diagram  refers,  namely  sequences  A-B-C  .ind  l.igijing 
current. 

In  the  same  way  we  can  an:ilyse  the  three  other  possible 
conditions,  n.xniely  sequence  A-B-C  and  leading  current  ; 
sequence  C-B-A  and  l.igging  current  ;  and  finally  sequence 
C-B-A  and  leading  current.  It  is  unnecessary  to  dcmon- 
>tratc  these  dilTerent  conditions  in  detail,  as  it  would 
merely  be  a  repetition  of  the  above  reasoning.  It  will 
sufhcc  to  give  the  result  in  tabular  form. 


Heading-     i.ikih      iii     liie 
usu-ilway  give  ...  I'.>l'»  \\>l'< 


It     readings    taken    with 

condens.er  give  ...     r,>PJ  :  P»>P«    P.'> 

Then  sequence  is  ...    A-B-C    C-B-A  A-B-C 

I 
And  current         ...         ...      l.is..'s        le.ids       leads 


P.     P>l' 
C-B-A 

lag> 


In  using  this  table,  care  must  be  taken  lo  insert  the 
powers  with  their  proper  sign  ;  thus  if  P»  is  numerically 
smaller  than  P;>.  but  the  latter  is  negative  whilst  P,  is 
positive,  then  P>  mu>t  he  considered  to  be  smaller 
than  P». 

The  same  table  may  be  used  if  the  measurement  is 
made  by  two  wattmeters  in  the  usual  way.  In  this  ca,sc 
thefrce  terminals  of  tlie  pressure  coils  must  be  connected 
through  condenser  and  plug  to  the  phase  line  lal>clled  A, 
and  the  wattmeter  must  be  inserted  into  the  phase  lines 
labelled  B  and  C. 
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REPORT    OF    THE    COUNCIL     FOR    PRESENTATION    AT    THE 
ANNUAL    GENERAL    MEETING    OF    17    MAY,     1917. 


At  this,  the  Forty-fifth  Annual  General  Meeting  of 
The  Institution  of  Electrical  Engineers,  the  Council  pre- 
sent to  the  members  their    Report  for  the   j'ear  1916-17. 

Membership  of  the  Ixstitution-. 

The  changes  in  the  membership  since  the  ist  April, 
1916,  are  shown  in  the  following  table  : — 


Totals  at 
I  April,  1916 


Hon.  Assoc. 

Mem.      Mem.        Meiii.    Assoc.     Gr.ld.     Stud.  TOTALS 

7      1,500    3,466     520    382      801         6,676 


Additions  during 

the  year  : — 

Elected 
Reinstated 

6 

I 

103 

I 

I 

47 

107 
I 

263 
4 

Transferred 

to                     I 

35 

no 

I 

32 

179 

Total              I 

J;2 

214 

2 

79 

108 

446 

Deductions  during 

the  year : — 

Deceased 
Resigned 
Lapsed 

17 

9 

37 
27 

4 
14 

3 
2 

22 

9 

83 
61 

(Estimated) .  . 
Transferred 

32 

56 

18 

10 

70 

186 

from 

I 

32 

5 

45 

96 

179 

Total 

59 

152 

41 

60 

197 

509 

Net  Decrease      63 

Totals  at 

I  April,  1917  : — 

8     1,483,    3,528     481     401       712  6,613 

In  addition,  26  candidates  for  Associate  Membership 
have  been  approved  by  the  Council  during  the  year  for 
admission  to  that  class  on  condition  that  they  pass  the 
Institution  examination  or  otherwise  satisfy  the  exami- 
nation regulations.  Of  these,  11  are  Graduates,  3  Students, 
and  12  non-members. 

On  the  15th  June  last,  the  following  addition  to  the 
Articles  of  Association  was  adopted  at  a  Special  General 
Meeting  of  Corporate  Members  : — 

"On  and  after  the  15th  day  of  June  1916  no  person, 
whether  a  naturalized  British  subject  or  not,  who  is  or 
shall  be  or  has  or  shall  have  ever  been  a  subject  of  a 
Country  or  State,  then  or  thereafter  at  War  with  His 
Majesty  or  his  successors,  sliall  be  or  continue  to  be  or  be 
eligible  for  election  as  a  member  of  any  class  [of  the  Insti- 


tution, provided  nevertheless  that  the  above  disability 
shall  not  apply  to  a  person  who  having  at  any  time  been  a 
suliject  of  such  a  Country  or  State  as  aforesaid  shall  have 
become  and  shall  be  a  naturalized  British  subject  and  shall 
prove  to  the  satisfaction  of  the  Council  that  under  the  laws 
of  such  Country  or  State  he  has  ceased  to  be  and  is  not  a 
subject  thereof." 

A  searching  investigation  was  made  by  the  Council  to 
ascertain  the  names  of  those  who  ceased  to  be  members 
under  the  new  clause  and  the  total  number  affected  was 
found  to  be  41  {39  Austrians,  or  Germans,  and  2  Turkish 
subjects),  all  of  whom  have  been  removed  from  the  List  of 
Members. 

HoxoRARY  Member. 

The  Council  have  ple.asure  in  recording  the  announce- 
ment made  at  the  Ordinary  Meeting  of  the  26th  October 
last  that  they  had  elected  Professor  G.  Carey  Foster, 
LL.D.,  D.Sc,  F.R.S.,  Past-President  (1881),  to  be  an 
Honorary  Member  of  the  Institution. 

Honours  Conferred. 

His  Majesty  the  King  has  conferred  the  Grand  Cross  of 
the  Order  of  the  Bath  upon  the  Right  Hon.  Sir  J.  H.  A. 
Macdonald,  K.C.B.,  LL.D.,  F.R.S.,  Member. 

Military  distinctions  arising  out  of  the  War  have  been 
awarded  during  the  year  as  follows  : — 


Distinction 

No.  of  .iw.Hids 

G.C.B 

I 

C.B 

2 

C.M.G 

-       3 

D.S.O 

...     II 

Bar  to  Military  Cross          

I 

Military  Cross          

...     29 

Distinguished  Service  Cross 

I 

Distinguished  Conduct  Medal 

3 

Militarv  Medal          

I 

French  and  Russian  decorations 

...       6 

Mentioned  in  despatches 

...     71 

Mentioned 

•■•     37 

The  complete  lists  of  names  have  been  published  in  the 
Journal  (vol;  54,  p.  674,  and  vol.  55,  pp.  56,  193,  and  325). 

Roll  of  Honour. 
Thirty-nine  members  have  been  reported  during  the 
year  to  have  lost  their  lives  in  the  service  of  their  country, 
and  their  names,  together  with  their  military  ranks  and  the 
names  of  their  Corps,  are  set  out  in  the  Jounial  (vol.  54, 
p.  674,  and  vol.  55,  pp.  55,  193,  and  325). 

Other  Members  Deceased. 
It  is  with  the  deepest  regret  that  the  Council  have  to 
record   the   death   of   Dr.   Silvanus    P.   Thompson,    Past- 
President. 
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dated    fr 


I 


conncfii'ii   \vii:i  tnc   Instittition 

11   to   membership  in    18S2,  had 

r  having  prcvioiiNly 

.ind  Vicc-l'rcMiii.  lit 

^. 

I     the   Ios>  of   well- 

FrankUn,    Sir    Hiram 


knuM-n    memlx-rs    m    Sir    ticorgc 

SIcvcn^  Maxim.  Sir  James  Sivcwright,  K.C.M.G.  (Member 

i>(  Council,    i}*7<i;    Acting   Secretary,    1S77  ;    and    Local 

•-    ■    •  .'>■    and  Treasurer  for  the   Cape,  187S- 

Dobson    (Member  of  Council,  1903- 

A.  W  .  Martin  iMembcr  of  Council,  I>)i3-I9l6), 

Tri-ccr.  C  M.G.  il,<xal   Honorary  Secrctar)-  and 

111  .lid  Mr.  John  Kennic. 

In  acd  on  .ictivc  service,  the 

following  members  have  died  dunng  the  year  : — 


Members. 


Bille.  Harald. 
Dobson,  Sydney. 
Kills.  William.  F.R.S. 


Hos 


L). 

;  -hn  James  K. 

:ics. 


Precce,       John        Richard, 

C.M.G. 
Kcnnic,  John. 
Scott,  John  Gray. 
SivcwTight,        Sir       James, 

K.C.M.G. 
Stanley,  William,  Junr. 
Stone,  Henry  Bernard. 


.n.  Silvanus  Phillips,  \i.\..  U.Sc.,  F.K.S. 


AiiociaU  Members. 


Austin.  James  M. 
Brown,  Frank  Blake. 
Churchward.    Krnest    Cole- 
rid  cc. 
'  'n  Kcble. 

ji  Thomas. 
1. 
Luttrcl-Elvk-ard.  Henry. 


McCoull,  Cecil. 
Mann,  John  James. 
Martin.  Arthur  William. 
Shephard,  Dennis  G. 
Skcrrilt,  John. 
Southall,  Arnold. 
Stewart,  John  Krskine  M. 
Thornton,  Kdwin. 
Walton,  Willi,iin  A. 


Warde,  Henry  Wilder. 


Assoeiales. 


Chcvallicr.  Fielding. 
Cborcb,  William. 


F'ranklin,  Sir  George. 
Holmes,  Philip. 


Mr.KTixai  ANu  PAHfiia. 


I' 
an<! 


Graituate. 
Covcll,  Charles  Kdward. 

Sludenh. 

')hn  Fiancii.  |  Panayotopoulos.Constantine 

(, 


Ordinary  Meetings 
held.      The    uHu.il 


the 
year 


Commmtv  N'o  of  MteUnii 

Benevolent  Fund             10 

Electricity  Supply           ...  6 

Knemy  Mcnilur> ...          ...          ...  <' 

Finance     ...  li 

Membership         7 

Papers       o 

Kcse.-irch  (including  Sub-Committees)           ...  24 

Ship  Electrical  Kquipmcnl        N 

Training  and  Employment  of  Disabled  Men  i; 

Vice-Presidents 11 

Wiring  Rules  (including  Sub-Committee)     ...  7 

Other  Committees           1% 
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There   have   been   43  meetings  of  Local    Sections,  viz. 


Birmingham . 
Dublin 
Manchester  . 
Newcistle     . 
Scottish 
■  Western 
Yorksliiri.- 


6 

10 

7 
6 

4 
ft 

4* 


Meetings  have  also  been  held  by  the  Hong-Kong  Local 
Centre. 

The  following  is  a  list  of  papers  read  during  the  Session 
1916-17,  in  addition  to  which  6  papers  not  read  at 
meetings  were  accepted  for  publication  in  the  Journal  : — 

Papers  read  at  Meetings. 


bctng  IM,  a»lollo« 


Autltor. 

H.     W.     Cl-OTHIKK. 

Member. 
F.  Gill,   Mcinher,  and 
W.  W.  CuoK.  McmlH-T. 

F.  Gkaham,  Mtmhcr. 

G.  A.  JrHLl\.  Member. 
F.  R.  McBertv,  Member. 

A.    E.   McKf.nzik, 

Member. 
H.  A.  Nevill,  Member. 

J.  S.  Peck,  Member. 

I'rofesMjr  D.  KtiUKKTsov, 

Member. 
J.  SiiEPilKHi),  McniK-r. 

J.  K.  Stothekt,  Member. 

R.   ToWNBKti,  A«*ociate 

Mcinlnr. 

■s,   Awociale 
'»M  -1, '  .  r . 
C.  Vhunimm,  MiiiiIkt, 

K.    W.    Will. HTM  *v, 

Mcinln : 


Title. 
.\iUli  >.-.:■  .i~  Chairman  of  Newcastle 

L0c.1l  Section. 
"  Principles  involved  In   computing 

the  depreciation  of  plant." 
Address  as  Chairman  of  Hong-Kong 

lyocal  Centre. 
"  Vollaiic  regulation  of    iotar>'  con- 
verters." 
"  Machine-swilthinc      telephone 

«ear.  "^ 
Address  as  'Chairman  of  Manchester 

l^ic.il  Seiiiiin 
Address  as  Chairman  of  Yorkshire 

I,<x'al  Sectiiin. 
"  The  parallel  operation  of  electric 

power  stations." 
Address   as   Chairman  of    Weslcrn 

Ixm:;iI  Section. 
"  Some   points   in   coniKctioii    with 

cnf  'irrrini;  specifications." 
Addii  nrin.in   i>f    Scottish 

"  Frcqutiic)  siiangcr»." 

"  l1igh-ten>ion  overhead  tiansmil- 
•Ion  lines." 

"  \Vavlcavc-»." 

"  Colonial  telegraphs  and  tele- 
phones." 
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Papers  accepted  for  publication  in  the  Journal. 

Author.  Title. 

F.   Creedy,  Associate 


Member. 
B.  Hagie. 


G.  Kapp,  Past- President. 


A.  E.  Moore,  Associate 
Member. 


J.  Orchiston,  Member. 
S.  P.  Smith,  D.Sc,  .Associ- 
ate Member. 


"  Electric  wave  phenomena  in  the 
dyn.imo-electric  machine." 

'  The  mathematical  treatment  of  the 
magnetomotive  force  of  arma- 
ture windings." 

'  The  determination  of  the  sequence 
of  phases  from  wattmeter  read- 
ings." 

'  .\  new  concentric  standard  dyna- 
mometer wattmeter  for  heavy 
currents  :  and  concentric  non- 
inductive  standards  of  low 
resistance." 

"Telegraph  poles  in  Xew Zealand." 

•'  The  theory  of  polyphase  armature 
windings." 


Kelvix  Lecture. 

The  eighth  Kelvin  Lecture  was  delivered  by  Dr. 
Alexander  Russell,  Vice-President,  on  the  gth  November, 
igi6,  the  subject  of  the  lecture  being  :  "  Some  aspects 
of  Lord  Kelvin's  Life  and  Work." 

Premiums. 

The  following  premiums  for  papers  have  been  awarded 
by  the  Council : — 

The  Ayrton  Premium  (value  ;f  10). 

G.  V.  Twiss.  "  High-tension  overhead  transmis- 

sion lines." 

Tlie  Fahic  Premium  (value  ;£l0). 

F.  K.  McBerty.  "Machine  -  switching    telephone 

gear.' 

The  Paris  Premium  (value  ;£io). 

C.  Vernier.  "  Wayleaves." 

An  Extra  Premium  {I'aluc  ;f  lo). 

F.  Gill  and  W.  W.  Cook.     "  Principles  involved  in  computing 

the  depreciation  of  plant." 

.4n  Extra  Premium  [lalue  ^lo). 

S.  P.  Smith.  D.Sc.  "  The  theory  of  polyphase  arma- 

ture windings." 

In  view  of  the  small  number  of  papers  read  this  Session 
at  meetings  of  the  Students'  Sections,  no  Students' 
premiums  have  been  awarded,  but  the  papers  read  will  be 
taken  into  consideration  at  the  next  award  of  Students' 
premiums. 

Students'  Sections. 

Six  meetings  of  the  Students'  Section  have  been  held, 
at  which  papers  were  read  and  discussed.  At  the  opening 
meeting  an  address  to  the  Students  was  delivered  by 
Dr.  C.  V.  Drysdale,  on  "  Post- War  Electrotechnics  "  (see 
Journal,  vol.  55,  p.  187). 

The  Manchester  Students'  Section  has  held  seven 
meetings. 

No  meetings  of  the  Newcastle  and  Scottish  Students' 
Sections  have  been  held. 


19 
II 

5 
6 
8 


SCHOL-ARSHIPS. 

In  view  of  the  absence  of  a  large  number  of  Students  on 
Naval  or  Military  Service,  the  Council  have  decided  not  to 
award  the  David  Hughes  and  the  Salomons  Scholarships 
this  year. 

Meetings  of  Other  Societies. 

In  addition  to  the  Incorporated  Municipal  Electrical 
Association,  who  held  their  Summer  Meeting  at  the 
Institution,  18  Societies  and  various  Committees  have 
held  meetings  at  the  Institution  during  the  year,  as 
follows  : — 

No.  of  meetings 
Associated    Municipal    Electrical    Engineers 

of  Greater  London 13 

Electrical  Trades'  Benevolent  Institution      ...       2 
Incorporated  Municipal  Electrical  Association 
Institution  of  Post  Office  Electrical  Engineers 
Institution  of  Railway  Signal  Engineers 
Post  Office  Telephone  and  Telegraph  Society 

Rontgen  Society 

University   of  London    Board   of    Studies  in 

Electrical  Engineering  4 

Eleven  other  Societies  and  Linking-up  Com- 
mittees     45 


Annu.vl  Dinner  .\nd  Annu.\l  Convers.\zione. 

I       On  account  of  the  War  these  functions  have  not  been 
!   held. 

Proxy  Voting. 

In  order  to  give  facilities  for  voting  by  those  not  present 
at  meetings,  the  Council  will  at  an  early  date  place  pro- 
posals before  the  members  with  a  view  to  altering  the 
Articles  of  Association  so  as  to  provide  for  Proxy  Voting 
at  the  Annual  and  Special  General  Meetings  of  the 
Institution,  in  the  form  ordinarily  adopted  by  Public 
Companies. 

LOC.\L   HONOR.\RY  SeCRET.\RY  .\XD  TRE.\SURER  .^BRO.iD. 

The  Council  have  appointed  Mr.  J.  E.  Donoghue  to  be 
Local  Honorarv  Secretarj-  and  Treasurer  of  the  Institution 
for  New  South  Wales,  in  succession  to  Mr.  J.  Y.  Nelson. 
The  Institution  is  indebted  to  Mr.  Nelson  for  his  valuable 
services  in  promoting  its  interests. 

"  Science  Abstr.\cts." 

The  number  of  articles  to  be  dealt  with  in  "  Science 
.Abstracts "  was  less  than  normal,  in  view  of  the  interrup- 
tion of  scientific  work  through  the  War.  The  volumes 
contained  984  pages,  as  against  1,264  in  1915.  The  net 
cost  of  the  publication  to  the  Institution  was  £"291,  as 
compared  with  £"549  in  1915. 

Wiring  Rules. 

Since  the  publiralion  of  the  Seventh  Edition  of  the 
Wiring  Rules  in  March  1916,  a  number  of  suggested 
alterations  have  been  submitted  for  the  consideration  of 
the  Committee.  It  is  not  proposed,  however,  to  undertake 
a  further  general  revision  of  the  Rules  until  after  the  War. 


3U 
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A  -- 

in  ri  ^ 
Winn;;. 

\!  !    .   V  ,.'.',-^!ii  n  of  the  Cable  ^(akcrs'  Association,  the 
1  to  alter  Rule  42  for  the  period  of  the 
\\ ..:  v..  .1^  ii'  I'l:  nil  of  the  use  of  sinjjle-wirc  conductors 
up  to  S'o.  14  S.W.G. 

RECt'tATIOVS  I-X)R  THE  ELECTRICAL  Eol'lI'MEST   OK  ^HIPS. 

Id    M..  Council   appointed    a    Committee   to 

draw  up  .    ., :is  for  electrical  installations   on   ships 

other  than  warships.    This  Committee  is  constituted  as 
follows  : — 

Sliifi  Electrical  Equipmcnl  CommiUec. 

C.  H.  WuKDiN'GllAM  (Chairman). 
C.  F'.  Sparks,  f'rcsident  U\-o^cw). 
J.  H.  C<>Uie.  ].  K.  Niclson. 

B.  M.  Drake.  Lieut.  X.  W.  Prangncll. 

A.  Hfiidcrs^n.  Capt.  A.  P.  Pync. 

J.  \V.  Kempstcr.  S.  G.  C.  Russell. 

T.  A.  SedLIwick. 


And 
W.  S.  Abcll 
J.  T.Milton 
H.  H.  Berry 

T.  Carlton 
\V.  Cross 

J.  Foster  King 

J.  I.x>wson 

A.  \V.  Stewar; 
H.  Walker 


The  Refjulations  will 
next  few 
v.Uuc  to 


Sominalcd  by 
\  Lloyd's  Register  of  Shipping. 

British  Electrical  and  AlHcd 
Manuf.icturcrs'  .Association. 

Board  of  Trade. 

Electric'tl  Contractors'  Associa- 
tion. 

British  Corporation  for  the  Sur- 
vey and  Registry  of  Shipping. 

Institution  of  Engineers  and 
Shipbuilders  in  Scotland. 

Institution  of  N.ival  Architects. 

N.K.  Coast  Instilution  of  Engi- 
neers aiul  SliipbuiUkrs. 

be  published  in  the  course  of  the 
■  will  prove  of 
.(.T.iUy  adopted. 


Street  Lightivg  Specificatiux. 

The  Standard  Specification  for  Street  Lighting  pre- 
pared by  the  Special  Committee  appointed  for  this  pur- 
pose will  he  published  in  the  Journal  at  an  cirly  date  as  a 
Uajorily  Report  of  the  Committee. 

EXAMIXATIIIXS. 

On  acoouni  of  the  War,  no  examinations  have  licen 
held. 

He!>»jMicH. 

Ilcahut  of  Uuntd  Cables. 

!'•  cli   and    a 

nui.  tlicr  work 

i>   ro|tiired  before   aajr  rctullt  are  available    (or    publi- 

cali     .- 

I  'd  on   the    re»carch    in   I<;|6  was 

'  «.!»  provided  by  the  Government 

tic   .ind  Indiitlrial   Kc%carch. 

'  ■  -o,  in 

fe*;  ;  I   the 


Research  Ucpartmcut  for  ^"500,  and  an  .ippcal  for  con- 
tributions tow-irds  the  balance  has  been  made  to  the 
Supply  Undertakings,  several  of  whom  have  already  aided 
the  research  by  the  loan  of  cables  and  the  granting  of 
facilities  for  experiments. 

Insulating  Oils  Research. 

Specimens  of  10 different  brands  of  Insulating  Oils  have 
been  distributed  among  6  investigators  who  are  carrying 
out  tests  I  to  7  from  the  following  list,  and  as  many  of  the 
others  as  they  can  arrange  for  : — 

(1)  Tendency  to  sludge. 

(2)  Loss  by  evaporation. 

(3)  Klasli  point. 

(4)  Viscosity  at  different  temperatures. 

(5)  Chemical  reactions. 

{(1)  Density  and  coefficient  of  expansion. 

(7)  Cold  test  (solidilicition). 

(X)  Moisture  absorption. 

(q)'  Dielectric  strength. 

(10)  Specific  resistance, 

(if)  Therm.-jl  transference. 

(12)  Specific  heat. 

The  expenditure  on  the  research  for  iqi6  was  ;f356. 
of  which  .{TijO  was  provided  out  of  a  grant  made  by  the 
Research  Department. 

The  expenditure  for  1917  is  estimated  at  ;f8io  (which 
includes  £<k>.  v.aluc  of  oils  supplied  free  of  charge  by 
various  makers  1  towards  which  application  has  been  made 
to  the  Research  Department  for  a  grant  of  .£'670,  leaving 
the  Institution  to  provide  the  balance. 

Insulating  Materials. 

P.ancl  Committees  have  been  appointed  by  [the  Council 
to  formulate  schemes  of  researcli  on  various  Insul.ating 
Materials,  with  a  view  to  drawing  up  standard  specifi- 
cations for  the  purchase  of  such  materials  and  for 
discriminating  between  the  various  grades.  The  following 
materials  arc  included  in  the  research  : — Porcelain,  ebonite, 
mica,  micanite,  fibrous  materials,  insulating  varnishes,  and 
composite  m.ilerials.  Application  has  been  made  to  the 
Research  Department  for  grants  in  aid  of  these  Ke»c.vchcs. 
The  proposed  scheme>  of  rc-.i.-arch  have  already  been 
drawn  up  in  the  cise  of  most  of  the  m.iterials. 

It  has  been  .agried  between  the  Institution  and  the 
British  Electrical  and  Allied  M.inufacturcrs  Association 
to  co-operate  in  this  research,  and,  with  a  view  to  ensuring 
that  the  two  researches  should  not  overlap  but  mutually 
assist  one  another,  the  Institution  will  deal  mainly  with 
the  scientific  part  of  these  researches,  and  the  Association 
with  the  industrial.  I'.acli  bixly  will  have  representatives 
on  the  Committees  ol  the  other  dealing  with  this  research. 

EI.ECTRICITY   SlITLV. 

In  Octot>er  igi6  the  Council  appointed  a  Committee 
consisting  of 

U  A   t  li.iMock  iC'liairman). 
C.  H.  Mcri:.  T.  Roles. 

G.  W.  Partridge.  I  C.  P.  Sparks. 

S.  L.  Pearcc.  |  NV.  B.  \Voo*lhousc. 
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with  the  following  reference  : — 

"  To  report  to  the  Council  on  the  best  means  of 
co-orciin:iting  and  improving  Electricity  Supply  in  the 
United  Kingdom." 

Six  meetings  have  been  held.  The  Committee  have 
been  in  close  touch  with  the  National  Electric  ,  Supply 
Joint  Committee  appointed  bv  the  Incorporated  Municipal 
Electrical  Association  and  the  Incorporated  Association  of 
Electric  Power  Companies,  and,  in  order  to  prevent  over-, 
lapping,  it  has  been  agreed  that  the  Institution  Committee 
will  devote  its  attention  to  the  question  of  electricity 
supply  from  the  point  of  view  of  the  requirements  of  the 
countrv'  as  a  whole,  and  will  deal  with  the  engineering 
aspect  of  the  matter,  while  the  Joint  Committee  will  go 
into  more  immediate  questions  of  organization  and  linking- 
up  of  existing  undertakings,  etc. 

The  following  matters,  amongst  others,  are  engaging  the 
attention  of  the  Committee  : — 

(i)  A  standard  frequency  for  the  country. 

(2)  The   voltages   that    should    be  recommended  for 

transmission  and  distribution  purposes. 

(3)  The   obtaining   of   reasonable   facilities   for   way- 

leaves. 

The  Committee  have  already  arrived  at  a  decision  as 
regards  standard  frequencies  for  certain  large  areas  in  the 
country,  but  they  feel  that  it  is  not  advisable  to  put 
forward  their  recommendations  piecemeal. 

They  have  been  awaiting  the  publication  of  the  report 
of  the  Electrical  Trades  Committee  of  the  Board  of 
Trade,  in  order  that  they  might  work  as  far  as  possible 
along  the  lines  which  it  was  anticipated  would  be  indicated 
therein.  It  is  uncertain  when  the  report  of  this  Committee 
will  be  published,  especialh'  in  view  of  the  recent  appoint- 
ment of  an  Electric  Power  Supply  Committee  by  the 
Board  of  Trade,  with  a  reference  generally  similar  to  that 
of  the  Institution  Committee. 

The  Committee  will,  however,  proceed  with  their  de- 
liberations in  the  hope  that  their  recommendations  will 
enable  the  Institution  to  render  some  effective  assistance 
to   the  Board  of  Trade  Committee. 

The  questions  referred  to  above  require  careful  con- 
sideration, and  it  is  therefore  probable  that  some  time 
will  elapse  before  defmite  recommendations  can  be  made 
upon  them. 

Elfxtricai,    Tr.\des    Committee    of    the    Board    of 
Trade. 

The  President  gave  evidence  before  this  Committee 
in  May  1916,  and  the  recommendations  made  by  him  on 
behalf  of  the  Council  have  already  been  published  in  the 
Journal  (vol.  54,  p.  673). 

Engineering  Standards  Committee. 

In  response  to  an  appeal  from  the  Committee,  the 
Council  have  made  a  grant  of  £'500  towards  the  ex- 
penses of  its  Translations  and  Foreign  Local  Committees 
Guarantee  Fund,  in  addition  to  a  grant  of  X50  for  current 
expenditure. 


National  Service. 

Members  on  Naval  or  Military  Service. 

From  returns  supplied  by  members  it  appears  that  the 
number  of  members  serving  or  having  served  in  the  Navy 
or  the  Army  since  the  outbreak  of  the  War  is  1,671, 
namely,  163  Members,  764  Associate  Members,  83  Asso- 
ciates, 127  Graduates,  and  534  Students. 

A  Greetings  Card  was  sent  last  Christmas  in  the  name 
of  the  Institution  to  its  members  on  active  service. 

Commissions. 
During  the  course  of  1916  the  President,  at  the  request 
of  the  Authorities,  nominated  a  limited  number  of  elec- 
trical engineers  for  commissions  as  Lieutenants,  R.N.V.R., 
for  electrical  duties  on  board  H.M.  battleships,  and  as 
Equipment  Officers,  Royal  I-'lying  Corps. 

Employment  of  Disabled  Sailors  and  Soldiers. 

Classes  have  been  in  progress  at  the  Northampton 
Polytechnic  Institute,  Clerkenwell,  E.C.,  since  June  1916, 
for  giving  a  preliminary  training  to  Disabled  Sailors  and 
Soldiers  with  a  view  to  their  being  employed  as  Electricity 
Substation  Attendants. 

Of  III  men  who  commenced  the  first  six  courses  96 
were  approved  for  employment  and  91  actually  placed. 
Nineteen  other  men  have  just  completed  their  course. 
The  total  number  of  applications  received  from  employers 
was  over  230. 

The  Committees  of  the  Local  Sections  are  co-operating 
in  regard  to  extending  the  scheme  to  towns  other  than 
London,  and  a  first  batch  of  men  is  under  instruction  at 
Manchester,  while  considerable  progress  has  been  made 
with  schemes  for  Birmingham,  Leeds,  and  Newcastle. 

The  Council  have  also  received  a  letter  from  the  Ministry 
of  Labour  inviting  the  co-operation  of  the  Institution  in 
carrj'ing  out  an  investigation  in  regard  to  openings  in  the 
Electrical  Engineering  Industry  for  Disabled  Sailors  and 
Soldiers,  including  the  question  of  preliminary  training. 
The  Council  have  appointed  a  special  committee  to  deal 
with  this  matftr,  and  enquiries  are  being  made  from 
members  connected  with  representative  firms  and  under- 
takings in  the  Industry. 

Institution  Premises. 

In  addition  to  the  first  floor  rooms,  which  have  been  in 
the  occupation  of  Departments  of  the  Government  almost 
continuously  since  the  beginning  of  the  War,  the  portion 
of  the  Institution  building  occupied  by  the  Institution  has 
recently  been  taken  over  by  the  Authorities,  and  temporary 
offices  have  been  found  for  the  Institution  at  No.  i, 
Albemarle  Street,  W.  i.  H.M.  Office  of  Works  have 
agreed  to  pay  a  rental  to  the  Institution  for  the  use  of  its 
premises. 

Until  further  notice,  the  meetings  will  be  held  at  the 
Institution  of  Civil  Engineers,  by  whose  kind  hospitaUty 
the  necessary  facilities  for  this  purpose  have  been  granted. 

Reserved  Occupations  Committee. 
At    the    beginning   of   February   the   attention   of    the 
Council  was  drawn  to  a  Memorandum  issued  by  the  Re- 
served Occupations  Committee   in   regard  to  substitution 
in  Electrical  Generating  Stations  and  to  a  statement  by 
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to  the  effect  that  the  favourable  rcscrva- 
:iitil  then  by  these  undertakings  could  not 
be    continued  without  modification  ;i/ter  the  end  of  that 
month. 

In  \-icw  of  the  risk  to  the  nation  which  would  be  in- 

'  '  V  the  failure  to  maint.iin  the  supply  of  electricity 

■-■  sW:llcil  opcniting  stafi  being  cut  down  l^clow 

t,  the   Council  comniunic.itcd   with    the  Coni- 

!  (hr  latter  requested  (lie  Institution  to  organize 

csenlatni  ~      -'.v  I'ndcrtakings  to 

with  the  >.  A  l)cputation  of 

■  4   n  ves  of    the    Institution,   the    Incorporated 

^';■!l  :.  -.trical   Association,   the    Incorporated   As- 

I  Klectric  Power  Companies,  the  Conference  of 

V    Hi  w,,i>.ials  of  the  London  Klectric  Supply  Comp.mies, 

and  (he  Provincial  Klectric  Supply  Committee  of  Great 

I  ■      '  iLcd   by  Mr.  C.   P.  Sp.-irks,  President,   ac- 

:.  led    before   the    Committee   on   the   28th 

M^icii,  diid  |x>inted  out  inlcr  alia  (<i)  the  small  amount  of 

lab'-'nr  employed   by   KIcctricity  Supply   Undert.ikiiigs  in 

;  to    the    number    of    employees    working    in 

1  .      'l  pending  upon  electric  power  supplied  by  such 

I'ndcrtakingv,  and  (M  the  fuel  economy  effected  through 

f.^ctories   Using   electric   power.      After   an    exchange    of 

xiews,  in  the  course  of  which  the  Chairman  of  the  Com- 

I  cof  the  I'ndert.ikingsinighl 

'  ,  the  wish  of  the  Committee 

w..>  ;..  biiii)^  .ill  Hill.  line,  tlic  Dcpulalioi)  were  requested 

by    the    Committee    (<i  i    to    consider    wlietlier    any    other 

clasvrs  in  addition  to  those  mentioned  in  its  Memorandum 

can  Ixirepl.K  1  il  !'v  w  .'m  n.  (/>)  to  prepare  statistics  to  show 

to  what  e\  1  has  already  been  made,  and  (f) 

to  be  prcp-iii'i  I"  .i.iLiHi  .mother  Conference  in  3  months' 

time  to  show  what  further  substitution   has  taken  place. 

T'  •  r  is  having  the  further  careful  consideration  of 

:  il. 

Coal  Supplt( 

During  the  first  half  of  I()l6,  repir^niiaiives  appointed 
bv  the  Councils  of  the  Institution  and  of  the  Institution  of 
'  '  V  i  Minister 

■•teps  to 
.inci  elcclricity  under- 
III  '.pccial  consideration 
being  given  (o  IhcK  Public  Utility  Undertakings. 

Bf.n'Bvolen't  Fund. 

'  leiil  of  the  Benevolent  Fund 

•11  the  list  Deceiiibcr,  H)i6, 

•(  the  Fund  st<>o<l  at  £.\fi.\i  .■?*.  and  the 

...I   at  i.tfii'S  3».   lod.      The  donations 

'>n\    to    the    Fund    in    1916  amounted   to 

'•■•ling  a  legacy  of  .{'too  from  the  late 

I--  •■  year  !■}  grant* were  made  amounting 
to  a  I 

The    A.  Fund,  which  are  separate   from 

l!io><-   (i(  ,     will    l>c   found  on  pa^c  -^71,  of 

\'liimr   ts;  o<  llic  'fpirnni/. 


\\«r*L  Aciouxm. 


to    the    credit    of    the    General     Fund,    compares    with 
iJi,847  is.  in  1915,  an  improvement  of  i.'i,i»i<)   i'>s-  "d- 

Mortgages. — 

t  »■  •«■ 

In  the  Accounts  for  1915  these  stood  at     33,491  5  4 

Amount  of  repayment  during  the  year  772  o  6 


They  now  stand  at 


.{.32.719    4  'O 


Life  Composiltons  Fund. — The  total  of  the  Fund  on  the 
1st  January,  1916,  was  £^.^,300  19s.  and  a  further  amount  of 
£"16  i6s.  was  received  in  payment  of  Life  Compositions 
during  the  ye.ir.  a  total  of  ^^5.317  15s.  Out  of  this  the 
sum  of  /J61  has  been  transferred  to  the  General  Fund,  in 
accordance  with  the  Articles  of  Association,  on  account  of 
Life  Compositions  of  members  deceased  during  the  year, 
leaving  to  the  credit  of  the  Fund  .i."5.2.S<)  15s. 

ButlJmg  Fund. — This  has  been  augmented  during  the 
year  by — 

Donations,  Subscriptions,  etc. 
Contribution     out     of     Institution 
Revenue       


which  amount  was  applied  in  reduction  of  the  Kconomic 
Life  Assurance  Society's  morljjage.  as  shown  above. 

Assets. — Taking  the  Tothill-strcct  Property  and  the 
Investments  at  cost,  and  the  Institution  Building  and 
Lease,  the  Libr.iry  and  Furniture,  etc.,  at  the  values 
stinding  in  the  books  after  writing  oil  depreciation — 

the  Assets  amount  to 

against  Liabilities 

leaving  a  balance  to  tlie  good  of 
which  is  made  up  as  follows  : — 

Building  Fund 
Life  Compositions  Fund  ... 
Kelvin  Lecture  Fund 
Foreign  Vi-.it  Fund 
Subscriptions    received    in 

advance  

General  Fund        

—- 78.188  14     J 

This  balance,  in  comparison  with  that  of 

19'.';  of    73.734  «"   8 


C        .     d. 

120798  11     2 



42,601}  17    0 



i:7S.iS,S    ,4      ; 

44.7'7  '7 

0 

5.J.s'>  '5 

0 

'ms  13 

0 

92  14 

2 

182     2 

.s 

27,290  12 

7    „ 

shows  an  improvement  for  191ft  of 


^4,453   IS     ft 


11   to   the 
!  .  carried 


Wah  Loan. 
Since  the  accounts  for   191ft  were  i lo^ctl,  {;5,2.;o  of  the 
new  5  %  War  Sl(x-k  has  brni  ]-nrc!Msc<l  by  the  Institu- 
tion, and  the  existing  holdu  -s.  in  the  4}  %  Stock 
has  been  lomcrlcd  into  5     . 

Liiik,m<v. 
N'ine    new    Iwoks    have    been    purchased    since    ,\piil 
191ft,  and  78  books  and  pamphlet*  have  been  presented 
by  members,  non-members,  ami  publishers. 
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The  approximate  number  of  volumes  in  the  Institution 
and  Ronalds  Libraries  is  as  follows  : — 

Volumes 

Institution  Librar}'  (exclusive  of 
Lending  Library) 
Text-books,  Treatises,  etc. 
Periodicals,    Transactions 
Societies,  etc. 


of 


4.293 

5,481 


Ronalds  Librar}- . 


9774 
1,800 

11.574 


The  total  number  of  readers  during  the  past  twelve 
months  was  1,305. 

It  is  regretted  that  with  the  exception  of  a  small  number 
of  works  of  reference  and  bound  volumes  of  periodicals  it 
has  not  been  possible  for  reasons  of  space  to  transfer  the 
Reference  and  Ronalds  Libraries  to  the  Institution's  tem- 
porary oftices,  and  they  will  therefore  not  be  accessible  for 
the  present,  with  the  exception  indicated  above. 

The  Library  and  Reading  Rooms  of  the  Institution  of 
Civil  Engineers  have  been  kindly  placed  at  the  disposal  of 
members  while  tl^e  Institution  is  in  temporary  premises. 

During  the  year,  516  books  were  issued  from  the  Lending 
Librar}-  to  240  borrowers,  the  corresponding  numbers  in 
the  previous  year  being  530  and  208  respectively. 

The  Lending  Library  has  been  removed  to  the  Institu- 
tion's temporarv  oflices,  and  continues  to  be  available  for 
the  loan  of  books  to  members,  who  can  obtain  the  same  on 
application  to  the  Secretary. 

Thompson  Mejiorial  Library. 

The  Council  decided  last  year  to  set  aside  on  behalf  of 
the  Institution  the  sum  of  ;^i,ooo  towards  the  setting-up 


of  a  memorial  of  the  late  Dr.  Silvanus  P.  Thompson,  and 
determined  that  in  the  event  of  the  proposed  purchase  of 
his  valuable  collection  of  early  and  modern  works  on 
Electricity,  Optics,  and  other  branches  of  Physics,  for  the 
establishment  of  a  Thompson  Memorial  at  the  Institution 
being  effected,  the  above-mentioned  sura  should  be  con- 
tributed for  that  purpose. 

It  has  since  been  decided  to  purchase  the  collection 
[  by  means  of  subscriptions  from  members  of  the  Institu- 
tion and  others  with  a  view  to  its  being  presented  to 
the  Institution  and  preserved  as  a  memorial  of  its  distin- 
guished Past-President,  and  the  above  contribution  has 
been  made  by  the  Institution  towards  the  purchase- 
money. 

Museum. 
The   following   items   are   among   the  recent  additions 
to  the  collection  : — 


Articles  presented 
A  Frager  meter       

Two  framed  photographs  of  tele- 
graph insulators  and  25  un- 
mounted photographs  illus- 
trating the  installation  of 
telephones  in  London  by  the 
Post  Office  in  1901-2 

Thirteen  Lane  Fox  incandescent 
lamps  made  at  Westminster 
in  1882 

A  piece  of  the  first  Atlantic  cable 

A  piece  of  fused  cable  from  one 
of  the  Rand  mines 

Seven  X-ray  tubes,  mounted  on 
black  wooden  stands  (1896-7) 


Corporation  of   Liver- 
pool 
Sir  John  Gavey,  C.B. 


Westminster  Engineer- 
ing Co.,  Ltd.,  per 
J.  O.  Girdlestone 

P.  Peters 

].  H.  Rider 

A.  A.  C.  Swinton 
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PROCEEDINGS  OF  THE    INSTITUTION. 


PROCEEDINGS   OF   THE    INSTITUTION. 


096th   ordinary   MEETING,  8   MARCH.  1917. 


Mr.  C.  1'.  Sparks,  I'rcMdcnt,  took  the  cliair  at  .S  p.m. 

The  niinutc»  of  the  Ordinary  Meeting  held  on  the 
iry,  1917,  were  taken  as  read,  and  were  confirmed 
1. 

Tnc  hst  of  candidates  for  election  and  transfer  approved 
by  the  Council  for  b.illot  was  taken  as  read,  and  was 
ordered  to  be  suspended  in  the  Hall. 

The  President  :  I  have  to  announce  that  the  Institution 
of  Civil  Engineers  has  invited  the  members  of  this  Insti- 
tution to  attend  three  Lectures  to  be  given  at  Great  George 
Street,  Westminster  (see  page  240). 

I  have  also  to  announce  that  in  all  probability  H.M.  Office 
of  Works  will  shortly  be  taking  over  the  Institution  building 
to  house  a  Government  Department.  In  that  event  we 
shall  try  and  make  arrangements  to  hold  meetings  in  some 
other  building  in  London. 

Messrs.  C.  P.  Hammond  and  W.  C.  Clinton  were 
appointed  scrutineers  of  the  ballot  for  the  election  and 
transfer  of  members,  and,  at  the  end  of  the  meeting,  the 
result  of  the  b.illol  was  declared  as  follows  : — 

Elections. 

Member. 
Digby,  Thomas  Joseph. 

Aiiociale  Members. 


Hogg,  James  Walter. 
Holt,  Frank  Bertram. 
Knight,  Berkeley. 
Knowles,  William  Cording- 
lev. 


Moir,  George  Harris. 
Parkinson,  Walter. 
Paton,  John  Drunmiond. 
Ridley.  Horatio  James  W. 
Wolton,  Harrv  William. 


GniiiuaUs. 
Burgess,  William.  Multannah,  Kuppanda  Mut- 

Guilford,  William  Stephen-  tannah. 

son. 

Sliidenls. 


Beak,  Allan  Llewellyn. 
Berry,  Herbert. 
Dawson,  Cecil. 
Gough,  William  Eric. 
Heymann,  Paul  Gerhard. 


Liddiard,      Hugh     William 

Conway. 
Payne,  Eric  Arthur. 
Thomas,  Alan  Orniond. 
Wilman,  Charles  Wilfrid. 


Transfers. 
Associate  Member  to  Member. 
Jackson,  Charles  William.         McClelland,  William. 
Wright,  Russell  Stuart. 

Graduate  to  Assoeiate  Member. 
Phillips.  Walter. 

Student  to  Associate  Member. 
Chatten,  Walter  Henry.  Ripley,  Horace  Stephens. 

Smith,  Sidney  Bertram. 


Fisher,  Robert  Edward  S. 
Milcy,  Percy. 


Tetlow,  Herbert 


Student  to  Graduate. 
Dent,  Lancelot  Brown.  Thomas,  Frederick. 

Penibcrton,  Norman.  Vick,  Ernest  Henry. 

A  paper  by  Mr.  G.  .\.  Juhlin,  Member,  entitled  "  Voltage 
Regulation  of  Rotary  Converters"  (see  page  241),  was  read 
and  discussed,  and  the  meeting  .idjourned  at  ().40  p.m. 


697TII   ORDINARY   MEETING,   22   MARCH,    1917. 


Mr.  C.  P.  Sparks,  President,  took  the  chair  at  8  p.m. 
The   minutes  of    the    Ordinary   Meeting   held   on    the 
8th  March,  i<;i7,  were  taken  as  read,  and  were  confirmed 
and  signed. 

The  I'kksidknt  :  I  announced  .it  the  List  meeting  that 

!iiig  would  be  taken  over  at  an   early  date  by  the 

■:it      The  actual  date  of  the  taking  over  has  not 

I,    but   we   expect  that   it   will    be    within    a 

.id  in  all  probability  our  next  meeting  will 

be    held    at     the    Institution    of    Civil     Engineers.      An 

"•'" -mcnl  will  be  made  in  the  technical   Press,  and 

ill   be  *cnl  to  members  as  to  the  hour  of  the 


McHM'k.   (i. 


H. 


N'akh   and   J.  M.  Cater   were  appointed 
■t  for  the  election  and  transfer  of 
><l  of  the  meeting,  the  result  of  the 
Ixllot  w.t<  dc«.iatc«i  iu  followit : — 


Klkctiok*. 


Associate  Members. 
Baty,  James  Elphinstone.  Lever,  Graham  George. 


Cr 


jlchurkl. 


Bedson,  Noel  Phillips, 
Bolton,  Ch.irlcs  Frederick. 
Childs,  H.^rold  Boriase  T. 
Cook,  Charles  Percival. 
Currie,  Robert  Thomas. 
Hawkins,  Frank  James. 
Higlian,  Harold. 


Macdonogh,  John  Charles  C. 
Noltage,  William  Hockley. 
I'aterson,   (Juentin    Ifuntcr, 

Lieut.  R.N. 
Powell.  Enoch  Gwyn. 
Wclply,  James  Huston. 
Wilson,  Arthur  Leshe. 


Graduate. 
Ge.vy,  Frederick  Arthur.       . 

Students. 
Bernstein,  Philip  Leonard.         Holmes,  Tom.  Art.  Corporal 


Bridge,  Albert. 
Bridgcmaii,  Wilfrid  Robert 

O. 
Cooke,  Harry  Rowland, 
dos       Ramos,       Herculano 

I-oiircnco. 
Habcrshon.  Matthew  Keith. 


K.E.  (62285). 
Janes,  William  PhilpoU. 
Jennings,  James  Smith. 
Morris,  Arthur  John. 
Parkin.  Willie. 
Peskcll,  Ernest  George  A. 
Thomas,  Charles  Frank. 
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Transfers. 

Associate  Member  to  Member. 
Belling,  Charles  Reginald.         Jones,  Christopher. 

Associate  to  Associate  Member. 
Morris,  Robert  F. 

Graduate  to  Associate  Member. 
William,       B.Sc.     Cooke,  Lionel  Ernest. 


Bridger, 
(Eng.). 


Gow,  Alexander  George. 


Student  to  Associate  Member. 
Curtis,  Hugh  Harry.  Taylor,  Stanley  Edward  W. 


Gilbert,  William. 
Kettle,  Arthur  Stafford. 


M.Sc.  (Tech.). 
Warren,  Henry  William 


H. 


Student  to  Graduate. 
Khan,  Lutfe  Ali. 

A  paper  by  Mr.  F.  R.  McBert)',  Member,  entitled 
"Machine-switching  Telephone  Gear"  (see  page  263), 
was  read  and  discussed,  and  the  meeting  adjourned  at 
10.5  p.m. 


INSTITUTION    NOTES. 


TEMPORARY   OFFICES. 

The  Institution  premises  having  been  taken  over  by 
H.M.  Government,  the  temporary  address  of  the  Institution 
is  now  I  Albemarle  Street,  London,  W.  i. 

The  telephone  number  will  be  as  before,  viz.  "Gerrard 
764,"  and  the  telegraphic  address  will  be  "  Voltampere, 
Piccv,  London." 


LIBRARY. 

With  the  exception  of  a  small  number  of  works  of 
reference  and  bound  volumes  of  periodicals,  it  has  not 
been  possible  for  reasons  of  space  to  transfer  the  Refer- 
ence and  Ronalds  Libraries  to  the  Institution's  temporary 
offices,  and  they  will  therefore  not  be  accessible  for  the 
present,  with  the  exception  indicated  above. 

The  Library  and  Reading  Rooms  of  the  Institution  of 
Civil  Engineers  have  been  kindly  placed  at  the  disposal 
of  members  while  the  Institution  is  in  temporary  premises. 

The  Lending  Library  has  been  removed  to  the  Institu- 
tion's temporary  offices  and  continues  to  be  available  for 
the  loan  of  books  to  members,  who  can  obtain  the  same 
on  application  to  the  Secretary. 


REPRINTS   OF   LECTURES. 

A  limited  number  of  reprints  of  the  following  lectures, 
recently  given  before  the  Institution  of  Civil  Engineers 
(see  page  240),  are  available  for  distribution,  and  copies 
can  be  obtained  on  application  to  the  Secretary  I.E.E. : — 


H.  AUcock 


E.  Crammond 


"  The  Decimal  System  of  Weights,  Meas- 
ures, and  Coinage." 

"  Foreign  Trade  in  its  Relation  to  Invest- 
ment of  Capital." 


ROLL  OF    HONOUR. 

(SIXTH    LlST.'l 
Killed  in  Action. 

Butler,  Lieut.  H.      Royal  Flying  Corps 
Snowden,      Cap-     Middlesex  Kegt. 

tain  S.  J. 
Symmes,     Major    South  .African  Infanti-y 

H.  C. 

Died  of  Wounds. 

Lansidon,    Lieut.     Royal  Garrison  .Artillery 

\v.  c.  c. 

Died. 

Handcock,  Lieut.     .Army  Ordance  Dept. 
R.  H. 


Graduate 
Student 

Associate 

Member 


Associate 

Member 


Associate 

Member 


MILITARY    HONOURS  AWARDED. 


C.B. 

Le  Rossignol, 
Lieut.-Col.A.E. 


(SIXTH    LIST.t) 


Royal  Engineers 


Member 

Associate 
Member 


Distinguislied  Service  Order. 

Cunningham,     Royal  Artillery 

Major  T.  C. 
Dobson,     Major    South  .African  Pioneers 

J.  H. 

'■  He  repaired  a  long  stretch  of  railway,  and  converted 
motor-lorries  to  run  on  rails,  by  means  of  which  the  difficult 
problem  of  rationing  the  force  was  much  relieved.  He  has 
performed  consistent  good  work  throughout."  —  London 
Gazette,  13  February',  1917. 

•  See  vol.  54,  pp.  64,  447.  and  f)74,  and  vol.  55,  pp.  55  and  igj. 
f  See  vol.  54,  pp.  306,  518,  and  674,  and  vol.  55,  pp.  Sb  and  193. 
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Mclltenon,  Cap-     Hiphl-^"'!  Liclii  Inf.iiilrv  Associate 

lain  A.  Member 

"He   showed  iiv.!.    mukr  iiic    iimM    li>ing   cir- 

oiinslances,   an  )    he  had    been    wounded    in    two 

^  !IK-  point  of   ?.sscmbly,  he  launched 

:;ack  and  .idvanced  with  them.     He  set 

a   •;:  ,  .iiul  was   again  wounded. — Londmi  OaztUc, 

13  K.  ..:. 

■UltaiT  Cron. 

Curling,    Captain    Anny  Service  Corps  Graduate 

H.  W. 
Ditmas,     Ciplain     Durham  Light  Infantry  Associate 

K.  I.  L. 
'•  He,  accompanied  by  two  other  officers,  at  great  personal 

risk  cjclinguished  a  fire  which  had   broken   out   in  an   am- 

mLiiiiiion  dump.     His   g.illant   act  undoubtedly  saved   many 

lives." — London  G<tzcll(.  2b  March,  1917. 
Hartley,  ;nd  Lieut.  Lancashire  Fusiliers  Associate 

G.  Member 

••  Although  severely  wounded,  he  organized  and  took  out  a 
search  party,  and  for  a  considerable  time  under  heavy  fire 
endeavoured   to   trace   a   wounded   man."' — l^ntion  GiizclU, 
3  March.  IQ17. 
Tuppcn,   Capt  '-'1      \rtny  Scr\ice  Corps  Studint 

H.  R. 

Order  of  St.  Btanlilas,  Second  ClaM  (with  Swordi). 
Simp->n.     Major     Kov.il  Knginctr-  Associ-itc 

A.  H.  K.  S.  Member 

Order  of  St.  Anne,  Third  Claaa. 

Simpson,     Major     Kuy.il  Engineers  Associate 

A.  H.  F.  S.  Member 

■entloned  In  Deipatchea. 

IJai:yc,  lit.  .\Iaj  .ir  Kuval  Engineers  Associate 

H.  C  D.S.O.  Member 

Fenning,  Captain  Belgian  Carrier  Corps  Associate 

E.G. 

Trevctt,    Captain  South  African  A.S.C  Associate 

C.  G.  Member 

■•nUonod. 

.\spl.iiid,jnd  Lieut.  Royal  Engineers  Graduate 

<;   I). 
H.iC'v, Id,  Colonel    Royal  Engineers  Member 

A   H  ,C.B. 
HUticl.      Captain    Royal  Engineers  Associate 

M.  (>.  Member 

IJrig.-Gcn.  Royal  Engineers  Member 

<   ir.j  ''cll.   Major     Royal  Engineers  Associate 

C.  M.  Member 

Major  \V.    Royal  Engineer*  Associate 

Member 
I>  I.    .  Licut..Col.     Royal  Engineers  Member 

c:.  w. 
I)cw.«r,    Captain     Royal  Engineer*  Associate 

M   It.  V.  Member 

Dk.  kiiivm,  Major    Royal  Engineers  Associate 

^   f  Member 

I'  ■  d,       T.F.  Reserve  Associate 

i  H. 

H.  j.  W 
Kdgtiimhc,  Majf»r    Royal  Kn:;fnccr»  Member 

K. 


Frank,  Lieutenant 
R.  A. 

Handley,  Major  A. 
Hatfield,  Ciptain 

K.  G.  S. 
Hirt7.fl,     Capt.-lin 

C.  H.  .V 
Hoskyns,  Captain 

O.  P.  L. 
Hudd.-irt.     Major 

A.  H. 
Hutt,   Lieutenant 

A. 
Johnson,     Lieut.- 

Col.  W.  L. 
I^vton,    Ciptain 

A.  B. 
Lefeaux,  Captain 

E. 
Le  Kossignol, 

Lieut.  Col.  A.  E. 
Mct^llan,  Captain 

W. 
Mayne.     Captain 

.V  J. 
Nicholson,     Cap- 
tain J.  S. 
Norman,  Captain 

Sir  H.,  Bart. 
O'Brien,     Licut.- 

OjI.  H.  E. 
O'Meara,     Major 

\V.A.|..C.M.G. 
Outram,   Captain 

H.  W.  S. 
Perrin,     Captain 

E.  S. 
Phillips,      Major 

J.  H.  S. 
Pickering,  M.ijor 

F. 
Simpson,     Major 

A.  H.  F.  S. 
Vines,  Major  C.  E. 

Wallis-Joncs,  Cap- 

biin  K.  J. 
Ward,      Captiun 

W.  G. 
Webb- Bo  wen, 

.Major  H.  E. 


Liverpool  Regt. 

Royal  Engineers 
General  List 

Royal  Flying  Corps 

London  Regt. 

.\rmy  Service  Corps 

General  List 

T.F.  Reserve 

South  Lancashire  Kegt. 

Royal  Engineers 

Royal  Engineers 

Northumberland  Fusiliers 

Special  List 

Special  List 

Special  List 

Special  List 

Royal  Engineers 

Royal  Engineers 

Royal  Flying  Corps 

Royal  Engineers 

Cape  Fortress  Engineers 

Royal  Engineers 

Royal  Garrison  Artillery 

Royal  Field  Artillery 

Roy.il  Engineers 

Royal  Engineers 


Associate 

Member 
Member 
.\ssociate 

Member 
Associate 

Member 
Associate 

Associate 

Member 
Associate 

Member 
Associate 

Associate 

Member 
Associate 

Member  ■ 
Memlier 

Member 

Member 

Member 

Associate 

Associate 

Member 
Member 

Associate 

Member 
Associate 

Member 
Associate 

Member 
Member 

Associate 

Member 
Associate 

Member 
Member 

Associate 

Member 
Associate 

Member 


MEMBKRS  ON    MILITARY  SERVICE. 

(ELEVENTH   LIST.') 

Mf.mukks. 


\',ime. 
Coombs,  A,  M. 
Kelly.  A  C. 
Mayne,  A.  ). 
Vyvyan,  R.  N. 
Wilson,  J.  G. 

•  See  vnl.  $},  pp. 
and  675,  and  vol.  ^$, 


Corfis,  tic. 

K.tnk. 

Royal  Engineers 

Sap|icr 

Roval  Enginccis 

Captain 

Special  List 

CipLiin 

Rov.ll  Flying  Corps 

^nd  Lieut. 

Royal  Flying  Corps 

:nd  Lieut. 

igo,  3J<>.  .^HR.  and  857.  Vi> 

•  54.  pp.  «Ji.  40J.  S>«. 

pp.  57  and  194. 
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Nil  me. 
Boiton,  C.  F. 
Burnet,  A. 
Childs,  H.  B.  T. 
Cooch,  H. 
d'Andria,  A.  V. 
Dewar,  M.  B.  U. 
Geipel,  K  S. 
Goodall,  F.  H. 
Handcock,  R.  H. 
Hatfield,  K.  G.S. 
Humphreys,      P. 

H.  I. 
Jameson,  S.  T. 
Lever,  G.  G. 
Morris,  G.  C. 
Moir,  G.  H. 
Moore,  T. 
Paterson,  Q.  H. 
Powell,  E.  G. 
Redclift,  S.  W. 
Redman,  R.  H. 
Rouse,  F.  R.  C. 
White,  L.  W. 
Wilson,  A.  L. 


Fenning,  E.  G. 


Burgess,  W. 
Geary,  F.  A. 
Hickie,  C.  S. 
Hopkins,  A.  V. 
Sedgwick,  A.  J. 
White,  A. 


Anderson,  X.  L. 
Brown,  V.  A. 
Chapman,  E.  D. 
Doran,  W.  E. 
Gee,  C.  B. 
Hollin,  A.  S. 

Holmes,  T. 
Hoseason,  D.  B. 
ludkevitch,  R.  M. 

N. 
Lerpiniere,  E. 
Moffat,  J. 
Newbury,  A.  D. 
Parkin,  W. 
Peskelt,  E.  G.  A. 
Sanderson,  D.  E. 

K. 
Stubbings,  C.  H. 

Thomas,  C.  F. 
Waddington,  O. 

V. 
Wust,  A. 


Associate  Members. 

Coifs,  etc. 
Royal  Engineers 
RN.V.R. 

Royal  Flying  Corps 
RN.V.R. 
Royal  Engineers 
Royal  Engineers 
Royal  Engineers 
Royal  Engineers 
Army  Ordnance  Dept. 
General  List 
Special  List 


Royal 
Royal 
Royal 
Royal 
Royal 
Royal 
Royal 
Royal 
Royal 
Army 
Royal 
Royal 


Engineers 
Flying  Corps 
Engineers 
Marines 
Flying  Corps 
Navy 

Flying  Corps 
Indian  Marine 
Engineers 
Ordnance  Dept. 
Flying  Corps 
Flying  Corps 


Associates. 
Belgian  Carrier  Corps 

Graduates. 

Royal  Engineers 
Royal  Engineers 
Royal  Flying  Corps 
Royal  Engineers 
Royal  Engineers 
Royal  Engineers 

Students. 

Royal  Engineers 
Royal  Engineers 
Royal  Naval  Air  Service 
Royal  Flying  Corps 
Royal  Engineers 
Royal  Flying  Corps 

Royal  Engineers 
Training  Reserve 
Royal  Engineers 

Royal  Engineers 

Australian  Flying  Corps 

R.N.V.R. 

Royal  Engineers 

Royal  Flying  Corps 

Training  Reserve 

Royal  Navy 

R.N..A.S. 
Liverpool  Regt. 

Belgian  .Artillery 


R.nik. 
2nd  Lieut. 
Lieutenant 
Captain 
Lieutenant 
2nd  Lieut. 
Captain 
2nd  Lieut. 
2nd  Lieut. 
Lieutenant 
Captain 
Captain 

2nd  Lieut. 

2nd  Lieut. 
2nd  Lieut. 
2nd  Lieut. 
Lieutenant 
Captain 
Elec.  Eng. 
2nd  Lieut. 
Lieutenant 

Lieutenant 


Captain 


Lance-Corpl. 
Sapper 
2nd  Lieut. 
Sapper 
2nd  Corpl. 
Sapper 


Sapper 
Sapper 
-Air  Mechanic 
Cadet 
Pioneer 
2nd-class  .Air 
Mechanic 
-Artificer  Cpl. 
Private 
Sapper 

Sapper 

Private 

Lieutenant 

Sapper 

Cadet 

Lance-Corpl. 

Eng.  Sub 

Lieut. 
Air  Mechanic 
Private 

Private 


PROMOTIONS,    TRANSFERS,    Etc.,    OF    MEMBERS 
ON    MILITARY  SERVICE. 


(SEVENTH   LIST.*) 

Members. 


Name. 
Campbell,  A.  S. 
Clarke,  J. 
Coales,  J.  D. 
Cormack,   J.    D., 

C.M.G. 
Crawley,  C.W.S. 
Hall,  F.  T. 
Hamilton,  F.  T. 
Handley,  A. 

Harrison,  H.  T. 
Loos,  A.  E. 
McAlpine,  G. 
McLellan,  W. 
Michod,  P.  D. 
Minshall,  T.  H. 
Monkhouse,  S.  E. 
Purves,  T.  F. 
Raphael,  F.  C. 
Redman,  S.  G. 
Sparks,     H.     C, 

D.S.O.,  M.C. 
Wimperis,  H.  E. 
Young,  H.  W. 


Anido,  A.  J. 
Anness,  E.  G. 
Baker,  J.  A. 
Baldwin,  L.  C. 
Ballard,  L.  W. 
Beer,  R.  G. 
Blair,  F. 
Brook,  R.  V.  C. 
Bullock,  J.  B. 
Bullough,  A.  W. 
Burton,  W. 
Campbell,  C.  M. 
Carr,  A.  S. 
Clayton,  A.  E. 
Corbett,  R.  W.  T. 
Cowan,     S.     H., 

D.S.O. 
Crowther,  J.  P. 
Curtis,  H.  H. 
Dalgleish,  I.  S. 
Date,  W.  H. 
Davis,  A.  A. 
Dixon,  W. 
Downey,  W.  E. 
Drury,  J.  D. 
Ferrier,  S.  K. 
Frank,  R.  A. 
French,  Hon.  E.  F. 
Goolding,  C.  L. 
Grierson,  R. 
Harrison,  \. 

Hirtzel,  C.  H.  A. 


Corps,  etc. 

Rank. 

General  List 

Captain 

Royal  Engineers 

Captain 

Royal  Flying  Corps 

Lieutenant 

General  List 

Colonel 

Royal  Garrison  Artillery 

2nd  Lieut. 

Royal  Engineers 

Lance-Corpl. 

Royal  Engineers 

Captain 

Royal  Engineers 

.Actg.    Lieut.- 

Col. 

R.N.V.R. 

Lieut.-Com. 

Royal  Engineers 

2nd  Lieut. 

R.N.V.R. 

Lieut.-Com. 

Northumberland  Fusiliers 

Captain 

Royal  Engineers 

Major 

General  List 

Lieut.-Col. 

Royal  Engineers 

Major 

Royal  Engineers 

Major 

Royal  Engineers 

Lieutenant 

Royal  Engineers 

Captain 

Assist.  Director  of  Labour 

Lieut.-Col. 

R.N.V.R. 

Lieut.-Com. 

Royal  Flying  Corps 

Lieutenant 

Associate  Members. 

Royal  Engineers 

Lieutenant 

Royal  Engineers 

Staff  Sergt. 

Machine  Gun  Corps 

Lieutenant 

Royal  Engineers 

Corporal 

Royal  Engineers 

2nd  Lieut. 

Royal  Engineers 

Actg.  Capt. 

Royal  Engineers 

Captain 

R.N.V.R. 

Lieut.-Com. 

Royal  Navy 

Eng.  Lieut. 

Royal  Engineers 

2nd  Lieut. 

Royal  Engineers 

2nd  Lieut. 

Royal  Engineers 

Major 

Royal  Garrison  Artillery 

2nd  Lieut. 

Royal  Engineers 

Sergeant 

Royal  Engineers 

Lieutenant 

Royal  Engineers 

Actg.  Lieut.- 

Col 

Army  Ordnance  Dept. 

Lieutenant 

Royal  Engineers 

2nd  Lieut. 

Royal  Engineers 

Captain 

Royal  Flying  Corps 

Lieutenant 

Royal.  Engineers 

2nd  Lieut. 

Royal  Engineers 

Lieutenant 

Army  Ordnance  Dept. 

Captain 

Royal  Engineers 

2nd  Lieut. 

Royal  Garrison  Artillery 

2nd  Lieut. 

Machine  Gun  Corps 

Lieutenant 

Royal  Field  Artillery 

2nd  Lieut. 

Royal  Engineers 

Qmr.  Sergt. 

Royal  Engineers 

Captain 

South  African  Engineers 

Actg.  Lieut.- 

Col 

Roval  Flying  Corps 

Major 

•  See  vol.  54,  pp.  307,  404,  571),  and  075,  and  vol.  55,  p.  59. 
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INSTITUTION    NOTES. 


AsaoaATF.  Members— coiiA'nur<<. 
S>ime.  Coifs,  tU. 

J.  W.      Canadi.in  Infantry 
:     Iv.  Koyal  Kicld  Artillery 

Koyal  Knj;intcrs 
Ko\-i.\  Enjiinccrs 

Koyal  Flyin;;  Corps 
n.  S.  Koyal  Knuiiiccrs 

\1.  K<)\-al  Kn^inccrs 

Kcyal  Enjiinccrs 


llo,  K.  A. 
I^\vi».  W.  K. 


M., 


M.C. 
Uassic.     I.     W.,     Koyal  Enjiinecrs 

M.C. 
MaycN  A.  K. 
Milncs,  G.  C. 
M'XinS.iin.  K.  A. 


I'alttn.in.  J.  H. 

Pcrrin,  E.  S. 
Pyscr,  M.  E. 
Kavment,  A.  C. 
Kipkv,  H.  S. 
K..5S,  J.  D. 
Koullcdgc,  L.  G.  K. 
Salt,  C.  \V. 
Sargent,  G.  H. 
SchulU,  A.  H. 
Simpson,    A.    H. 

K.  S. 
Singleton,  C. 
Smith.  ].  KaUc 
Strange,  J.  P. 
Stuart,  C.  E. 
TrcvctI,  C.  G. 
Trippc,  C.  F. 
\Valli>,  T.  S. 
White.  E.  S. 
WriKht,  K.  T. 
Y.iung,  C.  K.  M. 


iirown,  Walter 
Uitmafi,  K.  I.  I. 

M.C. 
I'rancc.  H.  W. 


llrcodwiMid,  L.  A. 

T. 
Chandler,  A.  K.  N. 
<tir<llc»tonc,  H. 
Muiiic-Williams 

k.  E. 


H.impshire  Kcj^t. 
Ktiyal  Lanca-tcr  Kcgt. 
K'lV.il  Eii;;incers 
K"Val  Xaval  Air  Service 


Koyal  Flying  Corps 
Koyal  Engineers 
.Xustralian  Engineers 
Koyal  Engineers 
Koyal  Engineers 
Koy.il  Engineers 
Koyal  Engineers 
Machine  Gun  Corps 
South  l^ncashire  Regt. 
Ko>-aJ  Engineers 

Roval  Engineers 
New  Zealand  Engineers 
Koyal  Engineers 
Koyal  Flying  Corps 
South  .\frican  A.S.C. 
Royal  Engineers 
Royal  Engineers 
Royal  Engineers 
Army  Ordnance  Ucpt. 
Koyal  Garrison  Artillery 

Ass<)CI*TKS. 

Hong  Kong  Engineers 
Durham  Light  Infantry 

Koyal  Flying  Corps 

Graduates. 
Koyal  Engineers 

Army  Ordnance  Dept. 

K..\.V.R. 

Army  Scr\-icc  Corp* 


Rttnk. 
Captain 
Actg.  Capt. 
Lieutenant 
Aclg.  Lieut. - 
Col. 
Lieutenan 
.\ctg.  Capt. 
Corporal 
Actg.  Capt. 

Actg.  Mai. 

Lieut. -Col. 
Major 
Captain 
Chief     Petty 
Officer 
Captain 
2nd  Lieut. 
Corporal 
Captain 
Lieutenant 
Sergeant 
Lieutenant 
Lieutenant 
.M.ijor 
Nfajor 

Lieutenant 

Captain 

Cidet 

Sergeant 

Captain 

Actg.  Capt. 

Lieutenant 

2nd  Lieat. 

Captain 

Aclg.  Maj. 


3nd  Lieut. 
CapLiin 


Captain 


Actg.  Capt. 

Captain 
Sub- Lieut. 
Captain 


Graduates — continued. 
V    ■  Corps,  eU. 

James,  K   K.  Ko>-al  Engineers 

I-accy.  F.  P.  S.  Army  Service  Corps 

Monks,  C.  E.  Koyal  Lancaster  Kegt. 

Preston,  E.  B.  Koyal  Engineers 

Walker,  K.  M.  Yeom;inry 

Wynyard- Wright,  Indian    Army    Reserve 
V.  L.  Ofliccrs 


of 


Alvcy.  G.  H. 

Bellamy.  H.  E. 

Burton,  K.  G. 

Ch.idwick,  E.  L. 

Duckworth,  E.  H. 

Edminson,  E. 

Ferranti,  B.Z.dc, 
M.C. 

Fiskc.  A.  K. 

Gibson..  H.  C. 

Hayes.  L.  W. 

Hedgcock.  A.  D. 

Hogarth.  J.  E. 

Jenkins,  .\.  M. 

Macklin.  K.  W. 

Marx.  R.,  .M.C. 

Mo.xiy,  H.T. 

Mow.nt,  J.  W. 

Peter.  L.  H. 

Protheroe,  K.X.L. 
I    Riley,  T.  S. 

Shaw,  C.  G. 
[    Shearman,  \. 

Sherwell,  C).  W.. 
I        M.C. 
I    Smith,  K.  H. 
I    Tilson,  H.  S. 

Troulon,  D.  G. 

Voss,  H.  A. 
I    Wadesoii,  M. 
I   Wengcr,  T.  L. 
'    Wheeler.  P.  J. 
I    Wooler.  I..  S. 


Ashford,  H.  J. 
Crowlher.  W.  V. 
Grant.  F. 

Skinner,  C.  W. 


Sti- DENTS. 
Royal  Engineers 

Royal  Flving  Corps 
Royal  Engineers 
Koyal  Flying  Corps 
Koyal  Engineers 
M.ichinc  Gun  Corps 
Koyal  Garrison  Artillery 

Ko\-al  Engineers 
Koyal  Engineers 
Koyal  Engineers 
Koyal  Engineers 
Army  Service  Corps 
Roy.al  Engineers 
Koyal  Garrisi>n  Arlillcr>' 
Royal  Field  Artillery 
Royal  Engineers 
Highland  Light  Inf.intry 
Koyal  Flying  Corps 
Royal  Field  Artillery 
Army  Service  Corps 
Koyal  Engineers 
Koyal  Engineers 
Koyal  Field  Artillery 

Koval  Engineers 
Koyal  Engineers 
Royal  Field  Artillery 
Roy.il  Engineers 
M.achine  Gun  Corps 
Machine  Gun  Corps 
Koyal  Field  Artillery 
Royal  Artillery 

iNsTiTiTioN  Staff. 

Royal  Fusiliers 

Royal  G.irrison  Artillery 

Koyal  Flying  Corps 

Honourable    Artillery    Com- 
pany 


Rank. 
Qmr.-Sergl. 
2nd  Lieut. 
Lieutenant 
2nd  Lieut. 
Major 
Lieutenant 


Mechanist 

Staff  Sergt. 
Lieutenant 
Lieutenant 
Lieulen.ant 
Lieutenant 
2nd  Lieut. 
Actg.  Maj. 

Corporal 
2nd  Lieut. 
Cadet 
Lieutenant 
Private 
Lieutenant 
.\ctg.  Capt. 
Actg.  Maj. 
l^ancc-Corpl. 
Corjxiral 
Captain 
Actg.  Capt. 
2nd  Lieut. 
Lieutenant 
Lieutenant 
Actg.  Capt. 

Lieutenant 
2nd  IJcut. 
Actg.  Capt. 
Lieutenant 
Lieutenant 
Lieutenant 
Lieutenant 
Lieutenant 


Private 
2nd  Lieut. 
ist-cUss  Air 
Mechanic 
l„ince-Corpl. 
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WAYLEAVES. 
By   C.   Vernier,   Member. 

[Pal'cr  Hist  received  15  Fehnuiiy,  ciiid  in  final  form  19  Marcli,  1917  ;  read  before  The  Ixstitl'TIon  12  Afril,  befoie  the  Newcastle 
Local  Section  16  Aprit,  and  before  the  Yorkshire  Local  Section  25  April,  1917.) 


The  question  of  securing  facilities  by  legislation  for 
carrying  electric  mains  over  and  upon  private  land  has 
frequently  been  referred  to  in  discussions  before  the 
Institution  and  elsewhere.* 

So  long  ago  as  1905  when  Mr.  G.  L.  Addenbrooke  read  a 
paper  entitled  "The  Value  of  Overhead  Mains  for  Electric 
Distribution  in  the  United  Kingdom,"  -j-  references  were 
made  to  the  difficulties  which  were  then  being  experi- 
enced, and  which  it  was  anticipated  must  inevitably  be 
experienced  in  a  greater  degree  as  the  use  of  overhead 
mains  tended  to  become  more  general.  In  this  paper 
some  particulars  were  also  given  of  the  admirable  legis- 
lative provisions  afforded  for  the  erection  of  overhead  and 
underground  mains  on  private  property  in  Italy  \  and 
Switzerland.  § 

During  the  12  years  which  have  since  elapsed,  the  need 
for  such  facilities  has  become  more  and  more  insistent. 
Electric  power  supply,  as  we  know  it  to-day,  was  then  in 
its  infancy,  and  although  between  1,000  and  2,000  route 
miles  of  overhead  electric  mains  j]  have  already  been  erected 
under  the  difficult  conditions  at  present  obtaining  in  this 
country,  the  time  has  come  to  consider  seriously  whether 
the  important  services  which  pubhc  suppliers  of  electrical 
power,  light,  and  heat,  must  continue  to  afford — and 
certainly  in  a  greater  measure  than  ever  before — to  our 
industries,  manufacturers,  railways,  and  the  practically 
untouched  field  of  agriculture,  in  the  strenuous  and  difficult 
times  which  will  follow  the  present  European  conflict,  do 
not  call  for  prompt  legislative  assistance  in  removing 
certain  difficulties  which  at  present  hamper  their  fullest 
development. 

•  G.  L.  Addenbrooke,  Journal  I.E.E.,  1905,  vol.  34,  p.  511; 
W.  B.  WOODHOUSE,  Ibiii.,  igio,  vol.  44,  p.  802  ;  C.  VERXIEK,  Ibiil., 
1914,  vol.  53,  p.  17;  B.  Weleocrx,  Ibid.,  1914,  vol.  32,  pp.  117, 
217;  J-  R-  Beard,  Ibid.,  11316,  vol.  54,  p.  127;  K.  A.  Ch-^ttock, 
Pioieciliiigs  of  Ihc  .liuiiial  Coiireiilion  of  the  Incorporated  Municipal 
Elt'clruat  A!^..<:ialioi,.  1914,  p.  3  ;  W.  T.  KERR,  Ibid.,  IQI6,  p.  15S ; 
'\V.iyleaves,"  Electrical  Review,  1916,  vol.  79,  p.  527. 
t  Journal  I.E.E.,  1905,  vol.  34,  p.  511.- 
t  Appendix  I.  •  §  Appendix  2. 

II   Not  necess.irilv  all  on  priv.ite  property. 

Vol.  55. 


The  need  for  efficiency  and  economy  will  be  so  seriously 
accentuated,  both  in  regard  to  a  more  efficient  utilization 
of  our  seriously  depleted  capital  and  also  in  regard  to  the 
conservation  of  our  natural  resources,  of  which  in  this 
country  coal  is  unquestionably  the  most  important,  that 
there  is  every  reason  to  expect  that  electrical  services 
which  can  so  eminently  achieve  both  these  objects  will 
be  sought  for  to  an  unprecedented  extent  after  the  War. 

I  do  not  propose  to  recapitulate  the  advantages  and 
economies  which  can  be  derived  from  the  generation  of 
electrical  energy  on  a  large  scale,  or  from  the  centraliza- 
tion or  linking  up  of  existing  electricity  supply  under- 
takings. These  questions  have  been  already  so  fully 
discussed  in  papers  [and  addresses  published  within  recent 
years '•=  that  I  may  fairly  assume  that  they  are  now  gene- 
rally recognized.  I  am  all  the  more  readily  disposed  to  adopt 
this  view  in  that  it  has  received  striking  confirmation  by  the 
formation  recently  of  various  committees  to  give  effect  to 
the  policy  of  linking  up  existing  undertakings  as  suggested 
by  the  Board  of  Trade,  as  well  as  to  consider  the  much 
more  ambitious  project  of  a  fully  national  scheme  of 
electric  power  supply.  At  the  outset  let  me  say  that  the 
present  paper  is  more  closely  concerned  with  securing  to 
the  fullest  possible  extent  the  advantage  of  the  economies 
in  capital  cost  which  can  be  effected  by  the  use  of  over- 
head wires  for  interconnecting,  transmitting,  and  distribu- 
ting mains  across  open  country,  and  the  no  less  important 
economies  which  can  be  obtained  by  laying  underground 
mains  wholly  or  partly  on  private  property  whenever  the 
use  of  such  mains  is  found  desirable.  My  remarks,  how- 
ever, must  not  necessarily  be  taken  as  applying  to  over- 
head wires  in  towns  and  villages,  which  stand  in  a  some- 
what different   categor}'.     The  economies  above  referred 

*  S.  Z.  DE  Ferrakti,  Journal I.E.E.,  i9io,voI.  46,  p.  6;  C.  VebxieR', 
Ibid.,  1914,  vol.  52,  p.  17  ;  J.  A.  KOBEKTSON,  Ibid.,  1914,  vol.  52,  p.  32  ; 
J.  R.  Beard,  Ibid.,  1916,  vol.  54,  p.  127  ;  E.  T.  Williams,  Ibid.,  1916, 
vol.  54.  p.  5S1  ;  R.  A.  Chattock,  Proceedings  of  the  Annnal  Convention 
of  the  Incorporated  Municipal  Electrical  Association,  191.^,  p.  3  ;  C.  H. 
Merz,  British  Association,  igid,  Electrician,  1916  vol.  77,  p.  915  ;  R.  P. 
Sloan,  Ibid.,  p.  917. 
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lo  have  already  been  so  well  emphasized  in  previous 
discussions-  that  they  only  need  be  briefly  mentioned 
here.  It  will  be  sufficient  to  st.Ue  that  on  20,000- volt 
mains  the  saving  in  capital  cost  which  can  be  effected 
over  an  equal  length  of  route  by  the  use  of  overhead  wires 
as  against  the  use  of  underground  cables  is  in  the  neigh- 
bourhood of  50  per  cent,  excluding  tlie  cost  of  wayleaves 
in  each  case.  At  higher  voltages  it  is  yet  greater  ;  while  by 
using  cross-country  routes  for  undergiound  m:iins,  instead 
of  keeping  >Irictly  to  public  roads,  a  saving  in  capital  cost 
of  _;o  prr  cent  is  not  uncommon  on  routes  of  several  miles, 
and  -  on  shorter  Icnqths,  as  the  result  of  shortened 

rou;^  caper  reinstatement  of  the  ground.     It  must 

further  t>e  borne  in  mind  that  although  the  Board  of 
Tr.idc  are  willing  to  allow  extra-high-pressurc  overhead 
lines  on  public  roads,  subject  to  strict  requirements  regard- 
ing public  safety,  practical  considerations  usually  render 
this,  if  not  quite  impracticable,  at  least  extremely  undesir- 
able, and  therefore  all  such  lines  must  ordinarily  be  placed 
on  private  property. 

We  have  also  to  face  the  probability  that,  in  the  near 
future,  much  higher  transmission  pressures  will  be  em- 
ployed, and  this  cannot  in  the  present  state  of  the  art 
be  satis/act  .>rily  doalt  with  (if  at  all)  by  underground 
cables.  The  difficulties  already  referred  to  in  the  use  of 
overhead  wires  for  extra-high-pressure  transmission,  fall 
conveniently  under  two  heads,  viz. "  Consents  "  and  "  Way- 
leaves," 

Pai^   I. 

Consents. 

The  tlcclric  Lighting  Acts  contain  the  following 
clauses  : — 

Section  14.    Eletlni.  Lighting  Ad  1882. 

invthing  in  this  Act  or  in  any  Act 
1:  ;h,   the   undertakers   shall    not    be 

authorized  tu  place  any  electric  line  above  ground, 
along,  over  or  across  any  street  without  the  express 
consent  of  the  local  authority,  and  tlie  local  authority 
may  require  the  undertakers  to  forthwith  remove  any 
electric  line  placed  by  them  contrary  to  the  provisions 
of  this  section,  or  may  themselves  remove  the  same,  and 
recover  the  expenses  of  such  removal  from  the  under- 
takers in  .1  •  manner:  and  where  any  electric 
lino  hsv  Iw  .  aljove  ground  by  the  undertakers 
in  .1  Lourt  of  sumni.iry  jurisdiction  upon 
c  ,  if  they  are  of  opinion  that  such  electric 
line  IS  or  is  iikely  lo  become  d.ingerous  to  the  public 
vafrtv  iii.iv,  notwithstanding  any  such  consent  as  afore- 
s.  an  order  directing  and  authorizing  the 
ltiu....ii  .  i  such  electric  line  by  such  person  and  upon 
Mch  term*  as  (hey  may  think  fit. 

Scilion  10  (6).     Electric  Lighting  (C/ausrs)  Act  i8</j. 

The  undertakers  shall  not,  without  the  express  consent 

of  the  Hoard  of  Trade,  and  where  the  local  authority 

a''  "f  the  local  authority 

a  ,;M)iind  except  within 

I  E.f...  li»o5,  vil.  u.  P  S'l  ;  W.  n. 

,    p.  *o>  ;    C.   VmcNIKII.  Ihul.,  Kin, 

,  IliJ..  tvl4,  vid.  S>,  p.  178  ;  J.  K.  Urahii, 


premises  in  the  sole  occupation  or  control  of  the  under- 
takers, and  except  so  much  of  aiiv  service  line  as  is 
necessarily  so  placed  for  the  purpose  of  supply. 

In  considering  these  clauses  it  is  nccess;irv  to  differen- 
tiate between  the  various  classes  of  undertakings,  vii. 
statutory  municipal  and  statutory  company  undertakers, 
and  non-statutory  undertakers.  The  above  clauses,  it  will 
be  seen,  compel  statutory  undertakers  to  obtain  the  con- 
sent of  the  local  authority  to  the  erection  of  overhead 
mains  evcrywlierc  outside  their  own  premises.  This  con- 
sent is  obviously  unnecessary  in  the  case  where  a  local 
authority  are  tlicnisclves  the  undertakers,  supplying  only 
within  their  own  di^-trict,  and  such  consent  in  the  case  of  a 
local  authority  would  only  be  required  in  the  exceptional 
case  of  a  munic'pal  undertaking  wishing  to  erect  overhead 
wires  for  giving  a  supply  outside  tlic  area  scheduled  in  the 
Order  and  in  the  district  of  a  neighbouring  local  authority 
under  powers  conferred  by  section  6  of  the  Electric 
Lighting  Act  !</>>. 

For  a  st.itulory  company  undertaking,  the  consent  of  the 
local  authority  is  in  every  case  essential  :  and  further,  there 
can  be  no  appi-al  from  the  decision  of  a  local  authority  in 
(his  m.atter,  which  m.iy  refuse  its  consent  without  assigning 
any  reason  or  may  attach  unreasonable  and  onerous  con- 
ditions (hereto,  or  cause  unreasonable  and  vexatious  delays. 
There  is  only  one  usual  exception  to  this  procedure,  i.e.  in 
the  case  of  the  Power  Acts,  where  an  appeal  to  the  Hoard 
of  Trade  is  allowed  in  the  event  of  a  consent  by  a  rural 
district  council  being  unreasonably  withheld. 

The  anomaly  of  (he  position  will  be  better  appreciated 
when  it  is  pointed  out  that  any  private  individual  or 
company  who  cares  to  undertake  the  transmission  or 
distribution  of  electricity  without  statutory  powers — which 
can  be  and  is  commonly  done,  for  example,  by  colBery  and 
quarry  owners  and  others,  as  there  is  no  restriction  placed 
upon  it  so  long  .is  electricity  supply  to  consumers  is  not  (he 
chief  business  of  (he  undertaker  — is  perfectly  free  to 
erect  overhead  wires  over  private  land  without  I  he  consent 
of  the  local  authority,  and  can  quite  well  carry  such  wires 
across  public  ro.ids  and  footpaths,  provided  the  local 
authority  arc  not  the  owners  of  the  land  on  either  side  of 
(he  road  and  that  care  is  taken  not  to  contravene  any 
by-laws  which  the  local  authority  may  liave  .-idopted,{  and 
further,  in  the  absence  of  special  by-laws  that  the  high- 
way is  not  itself  interfered  with  or  broken  up,  and  that  its 
ordinarv  use  is  not  restricted  in  any  way. 

The  following  examples  may  be  cited  to  show  the 
difficulties  and  deUy>  resulting  from  the  application  of  the 
present  Acts  in  the  casi-  of  statutory  company  undertakings. 

(1)  Application  was  m.idc  to  a  local  authority  for  their 
consent  to  (he  crec(ion  of  a  portion  of  a  long  overhead 
line  which  p.isscd  through  their  district,  and  which  was  to 
l>c  placed  entirely  on  private  land,  except  where  it  crossed 
over  a  public  road  and  a  privately  owned  footpath  but 
with  a  public  right  of  way  over  it.  No  reply  or  .icknow- 
Ie<lgmenl  was  given  for  nearly  two  months,  when  a  letter 
was  received  from  a  solicitor  who  alvo  acted  as  clerk  to 
the  li>c^-il  aulhorily  in  qiieslion,  staling  that  he  had  been 
instructed  to  advise  the  local  authoritv  "n  llic  .ipplication 

•  Bl»ctrlc  Ll){1itln|!  Act  1900.  S»c(lr.t.  3: 

t  F'lr  the  n»«kl  form  nt  I:  '  n.   h...ird  c>t  Trad« 
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and  asking  to  be  referred  to  the  applicants'  statutory 
powers.  After  tliis  had  been  done,  objection  was  raised 
to  the  route,  which  he  maintained  was  too  near  to  the 
footpath  in  question,  and  also  too  near  to  some  farm 
buildings  in  another  part  of  the  route.  In  making  these 
objections,  he  stated  that  he  was  aware  of  course  of  the 
functions  of  the  Board  of  Trade,  but  that  evidently  from 
the  provisions  of  the  Act  of  Parliament,  some  duty  having 
reference  to  the  safety  of  the  public  is  imposed  upon 
the  local  authoritv.  All  representations  to  the  effect  that 
questions  of  public  safety  might  very  well  be  left  with  the 
Board  of  Trade,  which  is  specially  charged  with  these 
matters,  were  of  no  avail,  and  negotiations  had  to  be 
re-opened  with  three  separate  parties  in  order  to  alter  the 
route.  After  7  months  had  elapsed  from  the  date  of  the 
original  application,  and  notwithstanding  repeated  applica- 
tions to  be  allowed  to  proceed  with  the  work — which 
owing  to  the  delay  was  causing  great  inconvenience  and 
loss  to  an  important  industry — a  reply  was  received  point- 
ing out  that  the  only  alternative  to  the  erection  of  the  line 
at  the  sole  risk  of  the  undertakers,  was  the  procuring  of 
the  consent  of  the  local  authority,  and  that  such  consent 
would  not  be  given  without  an  agreement.  A  further  delay 
occurred  while  an  agreement  was  drawn  up,  before  it  was 
felt  reasonably  safe  to  undertake  the  erection  of  any  part 
of  the  line  in  this  district.  In  this  case  y^  months  elapsed 
before  a  commencement  could  be  made  with  the  work, 
and  9  months  before  the  consent  was  finally  given. 

(2)  An  application  was  made  to  another  local  authority 
for  a  consent  in  similar  circumstances  to  the  previous  case. 
No  undue  delay  occurred  in  this  case  in  giving  a  reply, 
which  was  to  the  effect  that  consent  would  be  given, 
provided  the  following  conditions  were  agreed  to  : — 

(a)  That  where  the  line  crossed  any  road,  street,  or  foot- 

path, it  must  be  placed  underground  at  a  minimum 
cover  of  3  ft. 

(b)  That  if  any  new  road  or  street  is  laid  out  on  the  land 

where  the  line  is  situated,   tlie   line  shall   within 

14  days  (subsequently  extended  to  3  months)  be 

placed  underground. 

It  was  represented  to  this  authority  that  the  Board  of 

Trade   allowed   the   carrying   of  electric  wires   overhead 

across  roads  with  their  approval  as  being  perfectly  safe, 

and  a  list  of  similar  overhead   crossings  already  erected 

with  the  consent  of  the  local  authority  and  of  the  Board 

of  Trade  in  the  neighbouring   districts   were   submitted, 

and  an  invitation  extended  to  inspect  them.     This  was  not 

accepted,  and   finally  an  interview  was  sought  with  the 

committee  dealing  with  the  matter. 

At  this  interview  questions  were  asked  as  to  the  par- 
ticular objections  to  putting  the  line  underground  at  each 
footpath  and  road.  The  technical  objections  to  the  inser- 
tion of  lengths  of  underground  cables  into  extra-high- 
tension  overhead  lines  were  explained  as  well  as  was 
possible  to  the  non-technical  mind,  and  the  further  objection 
of  the  increased  and  unnecessary  expenditure  which  would 
be  incurred  in  complying  with  this  condition  was  pointed  out. 
No  sooner  was  additional  expense  mentioned  than 
further  discussion  was  stopped  and  an  intimation  given 
that  the  reply  of  the  local  authority  would  be  communi- 
cated m  due  course.  This,  as  might  be  expected  from  the 
interview,  merely  re-affirmed  the  previous  conditions,  which 
finally  had  to  be  accepted. 


(3)  In  another  case  application  was  made  to  a  rural  dis- 
trict council  for  their  consent  to  the  erection  of  overhead 
wires  wholly  over  private  land,  except  where  roads  and 
footpaths  were  met  with.  This  consent  was  granted  on 
condition  that  the  line  be  placed  underground  where  it 
crossed  any  road,  bridle-path  or  footpath,  not  only  in  con- 
nection with  that  application,  but  also  in  any  future  ones. 
An  interview  was  obtained  with  the  council,  at  which  the 
matter  was  discussed,  but  they  declined  to  modify  their 
former  resolution.  Fortunately,  in  this  case,  the  local 
authority  being  a  rural  district  council,  there  was  a  right 
of  appeal  to  the  Board  of  Trade.  Such  an  appeal  was 
therefore  entered  and  subsequently  allowed  by  the  Board 
of  Trade.  The  total  time  taken  to  obtain  this  consent  was 
over  9  months. 

These  examples  mav  serve  to  illustrate  how  many  of 
these  local  authorities  have  but  the  haziest  idea  of  why 
they  stand  possessed  of  the  powers  conferred  in  the 
clauses  of  the  Acts  already  quoted.  Some,  and  fortu- 
nately a  good  proportion  of  these  local  authorities,  treat 
the  matter  as  a  mere  formality  to  be  complied  with  by  the 
undertaker  and  consent  readily  ;  others,  as  we  have  seen, 
in  the  absence  of  proper  enlightenment,  usurp  functions 
which  properly  belong  to  the  Board  of  Trade  ;  while  in 
other  cases  it  is  difficult  to  discern  the  existence  of  that 
public  spirit  which  one  might  look  for  in  the  representa- 
tives of  an  important  community. 

I  am  strongly  of  the  opinion  that  it  is  essential  that  a 
right  of  appeal  to  the  Board  of  Trade  should  be  allowed  in 
all  cases,  and  that  while  the  local  authority  should  have 
the  right  to  be  heard,  it  should  have  no  absolute  veto  on 
such  questions,  and  that  all  powers  of  interference  in  tech- 
nical questions,  such  as  design  and  questions  of  the  public 
safety,  without  a  reference  to  the  Board  of  Trade,  should 
be  absolutely  taken  from  them.* 

A  time  limit  should  further  be  determined,  say  one 
month,  as  in  the  case  of  works  on  public  roads,  during 
which  a  local  authority  must  either  signify  or  refuse  its 
consent,  failing  which  such  consent  will  be  deemed  to 
have  been  given,  as  the  unreasonable  delays  which  are  at 
present  possible  in  some  cases  should  not  be  tolerated. 

If  there  be  any  insuperable  objection'to  extending  the 
right  of  appeal  in  the  somewhat  special  case  of  county 
boroughs,  it  should  nevertheless  be  applied  to  urban 
district  councils  as  well  as  to  rural  district  councils.! 

Many  urban  areas,  at  least  in  industrial  districts,  partake 
of  the  character  of  rural  districts  in  their  sparsitj'  of  popu- 
lation, and  quite  a  large  part  of  an  industrial  county,  and 
often  just  that  part  where  overhead  wires  are  most  needed, 
may  comprise  a  number  of  contiguous  urban  areas. 


Part    2. 

\V  AYLE  AVES. 

Electricity  supply,  also  gas  and  in  some  cases  water, 
undertakers  are  precluded  by  law  t  from  laying  their 
mains  in  private  lands  without  special  consent,  and  this  is 

*  A  locil  .luthority  under  Section  6  of  the  Electric  Lighting  .Act  1SS2 
may  make  by-laws  for  the  safety  of  the  pubUc,  but  these  by-laws  must 
always  be  confirmed  by  the  Board  of  Trade. 

f  This  has  alre.ady  been' allowed  in  a  few  cases  in  power  companies' 
Acts,  e.g.  Kent  Electric  Power  Act  1906,  Section  22. 

;  Waterworks  Clauses  .Acts  1S47,  Section  29 ;  Gasworks  Clauses 
Acts  1S47,  Section  7  ;  Appendix  to  Electric  Lighting  (Clauses)  Act  1899. 
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1    ■  I  c-mcnl  for  an  casement  or 

.     •cciipicr.   and    upon  !>\ich 

.•-  iic  or  llicy  may  iti  their  entire 

the  undertakers. 

i  land  IS  here  nic-ant  all   land   wliich  is   not 

ded  -        ■       •    public  use  as  a  highway  rcpairalile   by  the 

local  authority — for  which   satisfactory   statutory   powers 

are  already  avaiLible— and  includes  generally  all  private 

property,  agricultural  and  other  open  land,  such  as  parks, 

'.nd,   etc..   and  private   lands  owned   by 

and  canals. 

i  :i<  have  been  found  to  be  a  source 

f*f  I.-  and  unnecessary  expense,  and  a 

c  in  the  development  of  electric  power 

.,     -calf,  and  in  the  full  achievement  of  the 

economies  resulting  therefrom. 

Cases  of  absolute  refusal  to  grant  an  easement  or  way- 
leave  have  been  in  my  experience  fortunately  of  rare 
occurrence,  but  it  is  otherwise  with  the  imposition  by  land- 
owners of  imneccssarily  oppressive  conditions,  cliictlv  the 
cxa.  ■  \-  exorbitant  rents,  havmg  regard  to 

the  J   of  tlic  land  and  its  value  to  the 

ownci.  un<l  wiih  some  e.vcepfions  in  their  exercise  of 
procrastination  and  utlcr  indiflcrence  to  industrial  needs 
in  deahng  with  such  matters. 

Only  a  very  few  cases  need  be  cited,  as  doubtless  the 
ensuing  discussion  will  bring  to  light  many  others  : — 

(ll  A  landowner  lan  eccentric  old  ladyl,  without  assign- 
ing any  reason,  refused  to  allow  any  cables,  pipes,  or  poles 
whatever  on  her  land. 

'?'  The  atjent  to  a  large  landowner,  when  first  ap- 
inclined  to  grant  a  waylcave  on  re.isonablc 
luently,  owing  to  a  claim  for  damage  having 
been  served  upon  a  firm  in  which  this  agent  was  interested 
(unknown  at  the  time  to  the  applicant)  he  plainly  inti- 
mated that  he  would  set  one  case  against  the  other.  He 
was  subsequently  induced  to  moderate  his  views,  but  the 
claim  for  damage  had  eventually  to  l>c  abandoned. 

(3)  A  bndowner,  after  leading  the  applicmt  to  believe 
that  a  certain  waylcave  over  his  land  would  be  granted, 
kept  delaying  his  final  consent  on  some  pretext  or  other. 
After  9  months  of  this  sort  of  thmg,  when  pressed  more 
than  usual,  he  took  offence  and  definitely  refused  to 
consider  the  matter  any  further.  It  was  therefore  neces- 
sary  to  incur   additional   expense   in    laying   this  section 

'  -—   '  •        rx  public   footpath  and   a  railway  com- 

fortunately  provided  an  alternative. 

.;s    were   only   held 

ive.     After  repeated 

IS  later,  a  reply  was  obtained 

timiltee  had  been  apponited, 

■I  report  at  a  meeting  to  be  held  two  to  three 

•'  'ipon  decided  to  divert  the  route  in  order  to 

' "'lay.     This  being  found  too  costly, 

-iied  in  the  following  month,  and  a 

woulil  be  granted, 

".<•  to  give  a  supply 

U  Ucvliiktty  U>  une  uf  Ihcir  in»titutions  in  another  part  of 


the  district.  After  a  long  delay,  while  terms  for  this  suppiv, 
which  necessitated  a  special  main,  were  being  arranged, 
and  II  months  from  the  date  of  the  original  application,  it 
was  stated  that  certain  lessees  of  the  land  challenged  the 
right  of  the  trustees  to  grant  this  waylcave.  Negotiations 
then  took  place  between  the  parlies,  which  took  up  another 
6  months,  and  it  was  fully  i8  months  before  the  permission 
could  be  obtained  to  start  work. 

The  line  was  nearly  20  miles  long  and  all  other  way- 
leaves  had  been  granted  some  9  months  l>cfore  this  last 
consent  could  be  obtained. 

(5)  A  colliery  company  owning  land  in  various  p.vts  of 
the  district  held  up  wayleaves  in  two  places  on  overhead 
lines  some  ;o  miles  long,  taking  advantage  of  the  oppor- 
tunity offered  to  negotiate  favourable  terms  for  a  supply 
of  electricity  to  a  colliery. 

This  sort  of  case  is  likely  to  become  more  troublesome 
in  future,  as  colliery  owners  have  in  recent  years  adopted 
the  policy  of  purchasing  agricultural  land,  in  order  to 
.ivoid  heavy  claims  for  compensation  for  damage  arising 
from  subsidence  from  their  workings. 

It  is  only  fair  to  mention  that,  as  a  rule,  where  a  land- 
owner employs  a  full-time  agent  to  look  after  his  property, 
delays  are  seldom  so  serious  as  in  the  case  of  smaller 
owners  who  have  to  deal  with  the  matter  themselves  or 
through  a  solicitor.  As  it  is  not  at  all  unlikely  that  we 
shall  witness  a  break-up  of  large  estates  into  smaller 
holdings  after  the  War,  unless  some  measure  of  com- 
pulsion Is  granted  before  this  happens,  our  difficulties 
will  be  much  accentuated  and  may  become  welluigh 
intolerable. 

A  frequent  cause  of  prolonged  delay  is  that  one  or  more 
owners,  after  the  usual  initial  delay  in  replying,  which  varies 
according  to  the  individual,  make  objection  to  the  route 
selected  over  their  land.  Negotiations  must  then  be  re- 
opened with  other  owners,  who  probably  have  already 
given  their  consent,  to  allow  of  a  diversion  of  the  route 
on  their  estate,  and  in  conset^uence  they  not  infrequently 
come  to  the  conclusion  that  the  applicant  does  not  know 
his  own  mind,  wliich  is  not  usually  conducive  to  a  speedy 
settlement.  If  in  addition  a  local  authority  should  call 
for  a  diversion  of  the  route  when  negotiations  with  land- 
owners are  well  advanced,  it  is  readily  perceived  how 
delays  become  cumulative.  , 

I  purposely  refrain  from  quoting  some  of  the  onerous 
conditions  which  landowners  have  sought  to  impo.sc,  in 
some  cases  with  success,  as  in  the  existing  condition  of 
things  such  information  might  adversely  affect  future 
ni'giitiations. 

Coil  01  ititvleaffs. — Compensation  for  an  casement  or 
wayleavc  is  almost  invariably  given  in  the  form  of  an 
agreed  annual  rent,  Kased  cither  on  a  fixed  sum  pei  pole 
or  per  \'ard  of  route,  or  an  annual  lump  sum  payment  to 
cover  a  particular  stretch  of  route  between  fixed  points. 
Rents  have  steadily  risen  during  the  past  7  years  and 
especially  since  the  War  l->cgan.*  This  is  partly  l>ecause 
landowners  v/ho  at  first  trc.ited  waylcave  rents  merely 
as  a  convenient  addition  to  the  rents  which  they  already 
received  for  the  ordinary  use  of  their  land,  have  more  and 
more  come  to  regard  wayleavc  rents  .is  quite  a  useful 
iircc   of    additional    revenue,   and,  especially  since   the 
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War  scale  of  taxation  came  into  force,  have  made  the 
most  of  their  opportunities. 

Moreover,  as  it  is  usually  quite  impossible  to  bring  the 
slightest  pressure  to  bear  in  negotiations  for  wayleaves, 
it  has  in  unavoidable  cases  been  necessary  to  pay  some 
recalcitrant  landowner  a  heavier  rent  than  usual  in  order 
to  complete  wavleaves  for  a  route,  the  alternative  possibly 
being  a  diversion  of  the  route  on  adjoining  estates  and 
many  more  months  of  delay,  or  possibly  heavy  expenditure 
in  circuiting  his  estate,  usually  both. 

Other  landowners  have  come  to  hear  of  this  rent,  and 
have  asked  for  the  same  terms.  In  a  recent  case  in  my 
experience,  the  agent  to  a  landov<ner  had  quoted  a  certain 
figure — a  figure  already  agreed  to  by  him  in  previous 
cases — for  a  wayleave  for  an  underground  cable  along 
a  road  and  across  fields  on  his  estate.  He  subsequently 
had  a  conversation  with  another  land  agent,  who 
had  held  out  for  a  heavy  rent,  which  after  a  good 
deal  of  hesitation,  and  for  reasons  such  as  I  have  just 
mentioned,  it  had  been  decided  to  agree  to.  The  former 
agent  then  frankh'  stated  that  he  would  have  been  quite 
willing  to  grant  the  wayleave  on  his  usual  terms,  but  as  we 
had  agreed  to  give  another  this  rent,  he  could  not  accept 
less.  This  was  exactly  double  the  rent  he  had  previously 
asked. 

For  obvious  reasons,  I  must  only  speak  of  the  cost  of 
wayleaves  in  general  terms,  but  the  following  examples 
may  serve  to  indicate  the  measure  of  the  extortionate 
demands  which  are  exacted  : — 

(i)  At  the  present  time,  ignoring  for  the  moment  the 
formidable  difficulties  in  renting  land  just  when  and 
where  it  is  required,  it  would  be  more  advantageous,  on 
financial  grounds  alone,  to  electrical  undertakers  in  some 
parts  of  the  country  to  rent  a  strip  of  land  wide  enough 
for  many  a  London  street  for  the  whole  length  of  an  over- 
head line  at  the  same  rents  per  acre  as  landowners  secure 
from  their  tenants  for  some  of  the  very  best  of  the  agri- 
cultural land  in  this  country,  and  such  that  even  if  this 
strip  of  land  were  put  to  no  other  use  the  landowner 
would  suffer  no  pecuniary  loss. 

(2)  Alternatively,  and  subject  to  the  same  assumption, 
it  would  in  many  cases  be  a  satisfactory  business  propo- 
sition from  the  point  of  view  of  the  undertakers  to  rent 
the  whole  area  of  specified  fields  along  the  route,  on 
agricultural  tenant's  terms,  provided  the  right  to  sub-let 
again  for  agricultural  purposes  were  allowed. 

The  iniquity  of  these  charges  can  be  further  appre- 
ciated when  it  is  mentioned  that  only  approximately  one- 
half  of  T  per  cent,  on  a  liberal  estimate,  of  the  land 
mentioned  in  paragraph  (i)  is  actually  diverted  from  its 
ordinarv  use  in  connection  with  an  overhead  line  on 
arable  land,  and  less  than  one-quarter  of  i  per  cent  on 
grazing  land. 

If  these  charj^es  may  fairly  be  termed  iniquitous  in  the 
case  of  overhead  lines,  what  should  be  said  of  the  same 
rents  which  are  now  frequently  asked  for  wayleaves  for 
underground  cables  ?  Underground  cables  when  once  laid 
generally  require  no  further  attention  for  many  years, 
and  do  not  obstruct  or  interfere  in  any  way  whatever  with 
the  ordinary  use  of  the  land  ;  in  fact,  their  very  existence 
is  Usually  forgotten  by  everyone  except  the  undertaker 
and  the  grantor  of  the  wayleave  when  he  receives  his 
rent. 


In  order  to  prevent  any  misunderstanding,  let  me  add 
that  rent  is  not  the  only  compensation,  and  that  additional 
compensation  has  to  be  paid  to  the  landowner,  tenant,  or 
occupier  for  all  damage  to  crops,  grass,  roads,  lands, 
drains,  fences,  trees,  etc.,  occasioned  in  the  laj'ing  down 
or  erection  of  the  work,  or  its  subsequent  repair  and 
maintenance,  while  invariably  there  is  a  clause  in  the 
agreement  for  the  diversion  of  the  main  at  short  notice 
at  the  sole  cost  of  the  undertaker. 

No  reasonable  person  would  quarrel,  in  principle,  with 
the  payment  of  this  further  compensation,  and  although 
something  might  also  be  said  on  this  subject,  considera- 
tions of  space  do  not  permit  of  this  in  the  present  paper. 

Hitherto  I  have  only  discussed  the  landowner's  rent, 
but  the  tenant  or  occupier  (if  any)  has  also  an  interest 
in  the  land,  for  which  he  should  receive  compensation. 
There  are  alternative  methods  of  dealing  with  the  occu- 
pier. The  first  is  to  agree  upon  terms  with  the  landowner 
on  the  understanding  that  he  settles  with  his  own  tenant. 
This  is  the  basis  on  which  the  cost  of  wayleaves  discussed 
above  has  been  considered.  .\s  a  rule,  landowners  prefer 
this  procedure,  as  thej'  do  not  like  third  parties  discussing 
terms  with  their  tenants,  but  no  doubt  also  for  the  very 
good  reason  that  tenants  not  infrequently  complain  of  not 
receiving  any  compensation  at  all  from  their  landlords, 
who  sometimes  do  not  even  take  the  trouble  to  advise 
their  tenants  of  the  proposed  work. 

The  second  method  sometimes  adopted  is  to  agree  upon 
a  rent  with  the  landowner  based  on  the  applicant  agreeing 
to  make  terms  with  the  tenant.  This  method  has  the 
advantage  that  the  tenant,  who  after  all  buffers  such 
inconvenience  and  interference  as  there  may  be,  secures 
compensation,  but  as  it  at  least  doubles  the  number  of 
negotiations,  and  as  occupiers  are  frequently  more  difficult 
to  deal  with  than  the  landowners  themselves,  having  a 
more  direct  and  personal  interest  in  the  use  of  the  land, 
it  is  not  a  method  to  be  recommended. 

Compulsory  powers  for  expropriation. — Before  discussing 
possible  remedies  for  this  state  of  things,  it  will  be  well 
to  draw  attention  to  two  points  of  view  from  which  the 
question  of  electricity  supply  undertakers  being  granted 
compulsory  powers  for  carrying  their  mains  over  or  through 
private  land  may  be  regarded.  These  are  briefly,  on  the 
one  hand,  that  such  undertakings  afford  a  valuable  public 
service,  and  that  any  source  of  unnecessary  expense  in 
furnishing  such  service  is  ultimately  a  serious  handicap  to 
industry  and  production,  and  consequently  contrary  to  the 
national  interest.  The  other  is  that  these  undertakings — 
I  here  refer  to  company  undertakings — are  a  source  of 
private  profit,  and  any  saving  of  expenditure  mere!)' 
increases  profits  to  shareholders. 

The  latter  is  undoubtedly  the  view  that  weighs  chiefly  in 
the  minds  of  the  majority  of  individuals  and  private  and 
public  bodies  when  they  have  the  power,  as  in  this  case,  to 
exercise  their  absolute  discretion  in  granting  or  refusing  a 
concession.  Although  it  is  evident  that  Parliament  has 
alrcad}'  afforded  some  measure  of  recognition  to  the  public 
service  character  of  electricity  supply  undertakings,  espe- 
cially power  company  undertakings,  by  the  grant  of  special 
privileges,  such  as  the  right  to  break  up  streets  and  roads, 
the  compulsory  acquisition  of  land  for  their  works,  and,  on 
the  other  hand,  the  imposition  of  specified  duties  under 
penalties,  and  of  control,  including  the  regulation  of  maxi- 
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mum  charges  and  dividends,  it  docs  not  appear  hitherto 
In  have  fullv  recognized  the  not  unimporl:mt  part  which 
\  >upply  lias  plavc-d  in  the  national  economy 
L  pa^t  lo  years,  or  wliich  it  is  destined  to  play  in  | 
a  mucn  iargcr,  and  even  perhaps  an  extraordinary,  degree 
in  the  near  future,  provided  encouraging  facilities  are 
afTorded  for  its  development. 

Compulsor\'  powers  for  expropriation  for  works  of  public 
utility,  or  as  is  better  known  in  the  I'nitcd  Slates,  the  power 
of  eminent  domain,  i.e.  the  sovereign  right  of  a  State  to 
appropriate  private  property  to  public  uses,  whether  the 
iisents  or  not,  exists  in  most  European  States,  i 
^  Italy,  Switzerland.  France,^  Norway,)  Spain, 
Huli,iiid.  Belgium,  and  possibly  other  countries,  and  also 
in  the  United  States. 

In  Italv.;  Switzerland,  and  France*  further  enactments 
on  expropriation  have  been  applied  to  the  carrying  of 
electric  mains  (cither  overhead  or  underground)  over  or 
through  private  land,  while  in  Norway  the  general  law  on 
expropriation  is  av.iilablc  for  this  purpose.  I  have  no 
information  as  to  whether  this  is  also  the  case  in  Spain, 
Holland,  or  in  pre-War  times  in  Belgium,  but  as  these 
countries  have  existing  laws  on  expropriation  for  works  of 
public  utility,  it  is  very  unlikely  that  their  application  to  the 
special  case  of  electric  mams  will  have  been  overlooked. 

In  every  case  it  is  necessary  to  satisfy  the  authorities,  i.e. 
cither  the  Crown,  the  Legislature,  or  a  Government  De- 
partment, that  (a)  the  undertaking  or  (ft)  the  proposed 
main  is  one  of  public  utility,  before  these  powers  can  be 
applied. 

In  the  I'nitcd  States  under  a  recent  law,  casements  for 
rights  of  way  over  public  and  national  lands  can  be  granted 
bv  the  Stale,  '  but  I  am  not  aware  that  otherwise  the  oi  dinary 
procedure  is  in  any  w.iy  different  from  ours,  i.e.  by  negotia- 
tion and  agreement  with  the  owners.  Owing  to  the  com- 
paratively low  cost  of  land  in  many  parts,  however,  it  is 
quite  a  common  practice  for  electric  light  and  power 
undertakings  to  purchase  a  strip  of  land  for  at  least  their 
most  important  hnes,  and  elsewhere  to  use  the  public  roads 
as  far  as  possible,  even  for  exlra-liigh-pre^'«iire  overhe.id 
lines.     C  V  powers  m.iy  exist  in  some  of  the  Stales 

and  not  for.  as  is  well  known,  each  State  in  a 

large  degree  makes  its  own  laws.'f 

The  I'nitcd  Kingdom  and  Germany  arc  the  only  two 
large  European  Stales  which,  having  reached  a  high  state 
of  industrial  development  (perhaps  in  some  measure  because 
of  thiM,  have  not  yet  adopted  compulsory  powers  for  expro- 
priation for  electric  mains  on  priv.ite  properly. 

We  mav  <iuitc  well  leave  Germany  to  work  out  her 
owi'  '1  after  this  War,  only  we  must  not 

ov<  -he  is  not  unconscious  of  the  need 
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for  such  powers  as  an  important  factor  in  her  post-War 
industrial  and  economic  rehabilitation  - 

In  this  country,  with  a  few  exceptions,  which  I  shall 
shortly  describe,  and  excepting  the  extraordinary  War- 
time procedure  under  the  Defence  of  tlie  i^ealin  Acts,  the 
only  statutory  powers  which  are  at  all  analogous  to  the 
right  of  expropriation  or  of  eminent  domain,  are  the  com- 
pulsory powers  for  the  purchase  of  land  under  the  pro- 
cedure laid  down  in  the  Lands  Clauses  Acts.  Tliis 
procedure  is,  however,  in  ordinary  cases  only  available 
if  secured  by  a  special  Act  of  Parliament  or  by  a  Provisional 
Order  of  a  Government  Department  conlirmed  by  Parlia- 
ment, and,  owing  to  the  great  cost  and  delay  of  conducting 
a  Bill  through  Committee,  can  usually  only  be  exercised  in 
connection  with  public  works  of  great  magnitude,  such  as 
railwavs,  docks,  harbours,  and  the  like.  The  price  of  land 
acquired  in  this  manner  is  always  excessive,  and  in  some 
cases  many  times  its  real  value.' 

We  are  not  here,  however,  concerned  with  the  purchase 
of  land  for  routes  for  our  mains,  nor  should  this  be  at  all 
necessary.  The  present  procedure  for  the  compulsory 
purchase  of  land,  as  will  be  observed,  is  altogether  too 
clumsy  and  costiv  to  render  its  adoption  practicable  for 
such  a  purpo>e. 

There  .are,  however,  interesting  precedents  in  our  own 
legislation  which  affords  to  certain  authorities  the  right  to 
secure  compulsory  casements  over  private  land. 

(a)  A  loc-il  authority  under  the  Public  Health  Act  1875 
may  carry  sewers  through  any  private  land  what- 
soever within  or  without  their  district,  and  where 
a  local  authoritv  supplies  water  within  their  dis- 
trict, thev  have  the  same  powers  for  carrying 
water  mains  within  or  without  their  district,  in 
either  case  without  taking  the  land  or  purchasing 
an  easement,  but  only  subject  to  compensation. 
The  material  clauses  dealing  with  the-e  powers 
are  Sections  16,  2(\  32,  33,  34,  54,  305,  and  306  of 
the  Public  Health  Act  1875.; 

Clause  26,  it  may  be  remarked,  is  an  unusuallv  drastic 
one,  as  it  goes  so  far  as  to  prevent  a  landowner  from 
erecting  a  building  on  his  own  land  over  a  sewer  or  a  pipe 
'  of  the  local  authority  (if  an  urban  district)  without  its 
'  consent,  under  pain  of  severe  penalties  .iiid  the  right  of 
'  the  local  authority  lo  pull  it  down  at  the  cost  of  the 
j    offender. 

]  (6)  Under  a  short  Act  passed  last  year— Telegraph 
(Construction)  Act  1916  §— the  Postm.islcr-licneral 
is  empowered  to  erect  or  lay  down  overhead  or 
underground  telegraphic  lines  on  private  land  by 
serving  a  notice  upon  the  ovvneis,  lessees,  or  occu- 
piers of  the  same,  and  any  difTcience  between  the 
p.irlies  is  to  be  referred  lo  a  slipemliary  niagis- 
tiatc,  a  judge  of  a  County  Court,  or  in  Scoll.ind 
a  sheriff,  with  a  right  of  appeal  to  Ihe  Railway 
Contmissioncrs. 

•  "  Klivlrical   l)cvcl"pmcnl   In  Germany  alter  llic  War."  K/ft/rtci/ 
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It  is  not  without  interest  to  observe  the  gradual  relaxa- 
tion of  restrictions  in  course  of  time,  as  under  previous 
Telegraph  Acts  '•=  such  powers  as  were  allowed  were 
designed  to  meet  exceptionally  difficult  cases  :  for  instance 
under  Section  2  of  the  Telegraph  Act  1892  the  motive  is 
that  the  inhabitants  of  any  district  or  a  public  authority 
are  debarred  from  ilie  public  convenience  of  telegraphic 
commiinicalion  owing  to  the  refusal  by  the  landowner 
and  others  to  consent  to  the  construction  of  a  work  by 
the  Postmaster-General,  while  under  a  later  Act  (Section  4 
of  the  Telegraph  Act  1908)  the  consideration  is  that, 
owing  to  such  refusal,  telegraphic  communication  cannot 
be  supplied  to  any  district  or  place  except  at  unreasonable 
cost  or  on  unreasonable  conditions.  In  each  of  these  cases 
if  the  owner,  lessee,  or  occupier  objects,  the  question  must 
be  referred  to  Parliament. 

Finally,  in  the  Act  of  1916  there  is  no  restriction  as  to 
motive,  so  long  as  the  proposed  line  is  in  the  public  interest 
and  there  is  no  longer  any  special  reference  to  Parliament. 

So  far  as  I  am  aware,  there  is  not  a  single  case  in  which 
tlie  powers  conferred  by  the  Telegraph  Acts  of  1892  and 
190S  have  been  exercised,  and  the  working  of  the  more 
recent  Act  of  last  year  will  be  watched  with  great  interest. 

(c)  In  India  under  powers  conferred  by  the  Indian 
Telegraph  Act  1885,  the  telegraph  authority  is 
entitled  to  place  telegraph  lines  and  posts  in  or 
upon  any  immovable  property.! 

Our  special  interest  in  these  clauses  lies  in  the  fact  that 
they  have  been  extended  to  electricity  supply  undertakers 
in  certain  cases,  and  also  in  regard  to  the  diversion  clause 
contained  in  Section  17.  [ 

The  Land  Enquiry  Committee's  Report. — In  1912  the 
then  Chancellor  of  the  Exchequer  (Mr.  Lloyd  George) 
appointed  a  small  private  committee  to  enquire  amongst 
other  matters  into  the  "  nature  and  workings  of  the 
existing  systems  of  ownership,  tenancy  and  taxation  and 
rating  of  land  and  buildings  in  urban  districts  and  the 
surrounding  neighbourhoods,  and  their  effect  on  industry 
and  the  conditions  of  life."  The  report  of  this  committee 
was  subsequently  published  in  two  volumes,§  one  of  which 
refers  ['  to  the  question  of  wayleaves  in  the  following 
terms  : — 

"  Public  bodies  are  often  called  upon  to  pay  large  sums 
for  such  easements,  and  private  firms  are  affected  similarly 
when  they  are  unable  to  get  consent  to  the  laying  of  pipes 
for  tbe  service  of  necessary  water  or  electrical  power.  By 
Section  29  of  tlie  Waterworks  Clauses  Act  1847,  and 
Section  7  of  the  Gasworks  Clauses  Act  1847,  water  and 
gas  companies  are  expressly  precluded  from  laying  pipes 
or  any  other  works  on  private  lands  withouf  the  consent  of 
the  owners,  though  by  the  same  Statutes  they  are  allowed 
to  lay  pipes,  and  examine  and  replace  them  from  time  to 
time  under  public  streets.  These  provisions  enable  owners 
to  demand  large  sums  from  such  companies  for  wayleaves. 
Modern  developments  of  the  use  of  electricity  to  supply 
power  at  a  distance  from  the  spot  where  it  is  generated 
have  given  increased  importance  to  this  question.     Wires 

•  See  Appendix  5.  f  See  Appendix  6. 
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have  to  be  carried  across  country,  and  here  too  each 
owner  whose  land  it  is  proposed  to  traverse  is  enabled 
to  hold  the  scheme  up  by  demanding  an  excessive  price 
for  permission  to  carry  the  wire  across  his  land.  In  some 
cases  he  is  enabled  to  prevent  it  altogether.  .  .  .  We 
believe  that  the  State  should  exercise  the  power  of  com- 
pelling the  grant  of  easements  and  wayleaves  of  all  kinds. 

"  RECOMMENDATION'S." 

"Therefore  we  recommend  : — 

"(i)  That  the  Government  Department  authorized  to 
give  such  sanction  should  have  the  power  to 
make  an  order  for  the  compulsory  acquisition  of 
easements  or  wayleaves  for  any  purpose. 

"(2)  That  in  all  cases  where  any  such  order  is  made  the 
terms  should  be  fixed  by  the  Judicial  Land 
Commissioners. 

"  (3)  That  in  all  cases  : 

"  (a)  The  local  authority  and  the  landowner  should 
both  be  enabled  to  appear  before  the  Govern- 
ment Department  and  the  landowner  before 
the  Commissioners. 

"  (6)  The  amenities  of  the  neighbourhood  and  the 
interests  of  the  landowner  should  be  con- 
sidered, and  injured  as  little  as  possible. 

"  (c)  The  term  '  landowner  '  should  include  all  who 
have  substantial  interests  in  the  property." 

On  the  question  of  the  present  procedure  for  assessing 
compensation  under  the  Lands  Clauses  Acts,-  the  Com- 
mittee state  \: — 

"We  are  of  opinion  that  a  permanent  tribunal  cheap 
and  easy  of  access,  with  wide  powers  in  respect  of  limiting 
evidence  and  disallowing  costs,  should  be  submitted  for 
the  present  procedure.  Such  a  tribunal  would  take  the 
form  of  a  court  or  a  commission  combining  a  strong 
judicial  element  with  expert  members.  The  latter  should 
be  professional  men  not  in  private  practice  who  would  be 
retained  in  the  service  of  the  court  or  commissioners, 
thus  adding  independence  of  judgment  to  their  profes- 
sional skill.  We  had  intended  to  recommend  a  court, 
but  the  proposals  of  the  Government  to  constitute  a  body 
of  Judicial  Land  Commissioners  for  dealing  with  questions 
of  tenure  and  compensation  fully  meet  our  views. 

"Therefore  we  make  the  following  recommendations 
with  regard  to  the  tribunal  for  assessing  compensation,  its 
procedure  and  costs  J  : — 

"Tribunal  and  Procedure." 

"(a)  That  in  all  cases  where  land  is  acquired  under 
compulsory  powers,  the  final  determination  of 
the  purchase  price,  the  assessment  of  the  com- 
pensation for  severance  and  disturbance  due  to 
the  claimant,  and  the  apportionment  of  the  com- 
pensation as  between  several  claimants,  should 
be  determined  by  the  Judicial  Land  Commis- 
sioners. 

•  See  Appendix  7. 
f  "The  Land,"  vol.  2,  p.  303. 

J  This  is  the  tribunal  recommended  b_v  tlie  committee  to  fix  com- 
pensation for  wayleaves. 
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"(b)  That  the  procedure  for  determining  the  amount  of 
compeuiation  for  the  land  taken  should  be  as 
follows  : — 

"  (l)  At  the  time  of  applying  for  compulsory  powers 
the  promoters  should  serve  a  notice  on  the 
district  valuer  and  all  interested  persons,  as 
to  the  lands  to  be  acquired. 

"  '  :  '  If  and  when  the  compulsory  powers  are  obtained, 
the  district  valuer  should  assess  the  market 
value  of  the  property  to  be  acquired,  as  at  the 
time  of  the  application  for  compulsory  powers 
provided  that  where  the  owners  or  persons 
interested  are  unable  to  agree  to  the  valuation 
they  should  have  the  right  to  appeal  to  the 
Land  Commissioners  against  the  valuation  of 
the  di>lrict  valuer. 

••LciSTS. 

"As  to  costs  we  recommend  that  : 

"  (<i)  A  sole  of  cojts  and  fees  in  compensation  cases 
should  be  prepared  by  the  commissioners. 

"  i'''i  It  should  be  in  the  discretion  of  the  commis- 
sioners to  award  the  whole  costs  of  arbitration 
in  any  proportion  as  between  the  promoters 
and  the  claimants  provided  that  —  when  the 
finding  of  the  commissioners  is  less  than  the 
olfer  made  by  the  promoters,  the  costs  should 
be  paid  by  the  claimant,  unless  otherwise 
ordered  by  the  commissioners. 

"  (t)  The  commissioners  should  have  discretion  to  limit 
the  number  of  witnesses  and  to  exclude  counsel." 

I  have  freely  quoted  from  the  above  report,  as,  in  my 
opinion,  not  only  would  the  adoption  of  the  Committee's 
iccomniendations  go  far  to  overcome  satisfactorily  most 
of  the  present  difTiculties  in  connection  with  obtaining 
waylcavcs,  but,  further,  any  action  which  might  be  taken 
in  order  to  secure  legislative  assistance  would,  if  on 
these  lines,  be  more  likely  to  meet  with  Government 
support. 

It  will  probably  b'.-  known  that  the  report  formed  the 
baMs  of  the  l-iiid  Keform  proposals  outlined  on  behalf  of 
the  Crovernment  by  Mr.  I.loyd  (.corge  at  Bedford  and 
Swindon  in  October  1911,  which  included  the  formation  of 
a  Miniflry  of  Lands  and  the  appointment  of  Judicial  Land 
Commissioners. 

Owing  to   the   War,   these  proposals  have    had    to   be 

■  ■    ■  ■   pernianenlly  or  temporarily  remains 

'  neve  that  the  War  will  have  facilitated 

!    llicsc  or  similar  measures   to   an   extent 

1-. W.ii    limes. 

'he  dr  urciM;d  by  the  Slate  during   the 

^'   ^  ..>c   of   the    Kealm    Acl^   will    have 

c,  legislators  and  the  public  alike,  to 

«iih    private    rights    in 

inlcresi,  and  the    vital 

self-snpporling  as 

V  and   in  ug.iid  to 

("I    much  more  ink'lligent   M.ilc  aid. 

'    in   llic    p.isl    :in(l    in    iii.in\-    p<  ■  vn  itij^jy 

lugivcicd  direction 


It  is  obvious  that  no  new  legislation  of  this  n.ature  can  be 
considered  by  Parliament  during  the  period  of  the  War 
and  for  some  time  after,  but  1  suggest  that  the  Council  of 
the  Institution  would  do  well  to  formulate  proposals  and 
consider  without  delay  the  best  means  of  securing  their 
adoption. 

I  The  Land  Committee's  recommendations  have,  however, 
one  serious  defect,  in  that  no  detinitc  period  of  time  is 
appointed  during  which  consents  must  either  be  given  or 
an  Order  be  made  by  the  Government  Department  con- 
cerned. Time  is  all  important  in  industrial  matters,  and 
it  is,  for  instance,  very  little  use  to  tell  a  colliery  proprietor 
that  he  may  be  given  a  supply  perhaps  <i  months,  perhaps 
12  months,  later — and  with  no  guarantee  of  any  sort  that 
it  might  be  more  or  less^providcd  the  wayleavcs  can  be 
successfully  negotiated  or  that  a  Government  Department 
thinks  fit  to  make  an  Order. 

It  appears  inconceivable  that  the  present  procedure  in 
connection  with  the  acquisition  01  land  for  general  public 
purposes,  including  electricity  supply,  can  for  long  remain 

,  unchanged  after  the  War,  but  in  the  event  of  the  Govern- 
ment showing  no  intention  of  proceeding  within  a  rcison- 
able  period  after  the  declaration  of  peace  with  the  former 
proposals  for  a  Ministry  of  Lands,  and  the  constitution 
of  ]udici.al  Land  Commissioners  or  other  new  proposals,  I 
submit  the  following  for  discussion,  wh.ich  utilise  existing 
machinery  and  are  not  inconsistent  with  precedents  in 
our  present  legislation. 

(a)  That,  failing  agreement  between  a  statutory  elec- 
tricity supply  undertaker  and  a  landowner  or 
occupier  for  a  wayleave  for  electric  m.ains  on 
private  properly,  or  if  a  landowner  or  occupier 
refuses  to  give  a  consent  or  fails  to  give  a  reply 
in  writing  within  i  month  from  the  date  of 
application,  the  Hoard  of  Trade  be  authorized, 
after  enquiry,  to  make  an  Order  for  a  conipulsory 
wayleave  within  a  further  period  not  exceeding 
2  months.  In  all  cases  the  undertakers  would 
have  to  satisfy  the  Hoard  of  Tr.ide  as  to  the  com- 
mercial and  other  considerations  which  render 
this  course  necessary. 

{h)  That,  failing  agreement  between  the  p.irties  as  to  the 
annual  rent  to  be  paid  by  way  of  compensation, 
this  be  determined  by  one  of  the  following 
methods  : — 

(i)  Dy  a  single  arbitr.itor  1  who  should  be  an  expert) 
appointed  by  the  Board  of  Trade,  counsel  and 
expert  witnesses  being  excluded  from  the  arbi- 
tr.ition  proceedings.  The  Board  of  Trade  with 
the  concurrence  of  the  Lord  Chancellor  to  be 
authorized  to  lix  a  scale  of  costs  .md  disdiow 
costs  iinncccss;irily  inciirn-d.     .\ll<  inatively, 

(ii)  By  the  valuation  ol  t\\.>  sui  veyois,  one  of  whom 
shall  be  appoinlcJ  bv  one  side  and  one  by  the 
other  side,  and  in  tlie  event  of  their  not  being  able 
to  conic  to  an  agreement,  by  a  thud  surveyor 
appointed  by  two  justices  or  a  stipendiary 
inagistralc. 

Ill  fixing  the  wavleave  rent,  regaid  should  be  had  to  the 
average  annual  rent  (it  any)  received  from  the  land  under 
conkidcration  during  the  previous  7  years,  and  a  reason- 
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able  percentage  should  be  added  to  cover  permanent 
damage,  disturbance,  or  inconvenience  which  may  arise 
from  "the  proposed  works,  and  for  the  right  of  entry  upon 
the  land.  This  percentage  would  obviously  be  greater  for 
overhead  wires  than  for  underground  cables.  The  arbi- 
trator or  valuer  should  not  be  allovv'ed  to  take  into  con- 
sideration any  saving  in  expenditure  which  is  afforded  to 
the  undertakers  by  the  grant  of  the  wayleave,  but  should 
apportion  the  rent  equitably  between  landowners,  tenants, 
and  occupiers,  and  all  who  have  a  beneficial  interest  in 
the  land. 

Any  of  the  parties,  failing  agreement,  should  have  the 
right  to  apply  for  a  revision  of  the  rent  once  in  every 
7  years.  Damage  to  crops,  etc.,  caused  in  the  execution 
of  the  work  should  be  settled  separately  and  in  the  usual 
manner.'- 

(i)  That  in  cases  of  urgenc\',  the  undertakers  be  autho- 
rized to  enter  upon  the  land  and  commence  the 
execution  of  the  work  as  soon  as  an  Order  has 
been  made  by  the  Board  of  Trade  and  before  the 
assessment  of  the  compensation,  upon  serving  a 
notice,  making  a  satisfactory  deposit,  and  giving 
bond. 

{J)  That  a  right  of  appeal  to  the  Board  of  Trade  be 
allowed  in  all  cases  where  a  landowner  or  occupier 
demands  the  removal  or  diversion  (including  the 
placing  of  an  overhead  main  underground)  of  a 
main  at  the  cost  of  the  undertakers  which  in  the 
opinion  of  the  undertaker  is  unreasonable  or 
unnecessary. 

The  success  or  failure  of  any  proposals  sucli  as  these 
would  obviously  depend  upon  the  degree  of  "  public 
utility"  which  might  be  attached  by  the  Government 
Department  concerned  to  the  various  kinds  of  electrical 
services,  but  even  if  compulsory  powers  were  only  granted 
in  important  and  difficult  cases,  the  mere  existence  of  such 
powers  and  the  possibiUty  of  the  grantor  of  a  wayleave 
having  to  justify  his  demands  would,  I  believe,  exercise 
such  a  moral  effect  that  in  many  cases  an  agreement 
would  be  possible  without  putting  into  operation  the 
machinery  created.  It  would  materially  assist  in  this  very 
desirable  consummation  if  undertakers  were  enabled  to 
secure  a  declaration  from  the  Board  of  Trade  of  the  public 
utility  of  a  proposed  main  .for  which  wayleaves  are  re- 
quired before  negotiation  is  entered  into  with  landowners 
and  others,  in  all  cases  where  the  Board  is  satisfied  that 
the  public  interest  justifies  such  a  declaration. 

Suitable  rules  could  be  drawn  up  to  preclude  applications 
on  trival  grounds. 

In  conclusion,  I  regret  that  I  have  only  found  it  possible 
to  deal  broadly  with  the  general  question  of  electric  mains 
over  agricultural  and  similar  open  land,  and  that  considera- 
tions of  space  have  not  permitted  the  investigation  in  detail 
of  other  questions,  suah  as  wayleaves  for  the  laying  of 
electric  mains,  along,  over,  or  across  railway  and  canal 
lands,  over  and  under  railway  bridges,  and  in  private 
roads.  Most  of  these  questions,  while  of  importance,  are 
not  so  urgent  as  the  main  question  dealt  with  in  the 
paper,  a  solution  for  which  could  not  fail  to  assist  in 
removing  other  disabilities  such   as  these. 

•  Electric  Lighting  .•\ct  1SS2,  Section  17. 


APPENDIX    I. 

It.^liax  L.wv  for  the  Tr.axsmission  of  Electric 
Currents  to  \  Dist.\xce  (Law  No.  232,  7  June, 
1894).* 

Art.  I.  Every  proprietor  is  required  to  permit  the 
crossing  of  his  lands  by  electrical  conductors,  either 
overhead  or  underground  which  may  be  required  to  cross 
the  same,  having  permanent  or  only  temporary  right  to 
be  used  for  industrial  purposes. 

The  faces  towards  the  streets  or  public  squares  of 
houses,  courts,  gardens,  orchards,  and  the  store  houses 
adjacent  to  houses  are  exempt  from  this. 

Art.  2.  Whoever  demands  such  right  of  way  must  do 
all  things  necessary  in  making  use  of  it  and  must  eliminate 
every  danger  through  carelessness  of  workmen.  He  m.ay 
also  be  required  to  make  use  of  work  already  put  in  hand 
by  the  proprietor  and  adapted  to  be  used,  compensabng 
the  proprietor  for  the  expense  that  he  has  incurred,  and 
contributing  proportionately  to  the  cost  of  maintenance. 

Art.  3.  Wayleaves  must  also  be  granted  for  the  con- 
ductors to  cross  canals  or  aqueducts  or  other  works 
employed  for  such  use,  provided  that  no  impediment  or 
diminished  utility  is  caused  to  the  proprietor. 

Art.  4.  Where  it  is  necessary,  in  the  route  of  the 
electrical  conductors  to  cross  public  streets  or  rivers  or 
streams  or  to  touch  the  exterior  of  houses  facing  the 
streets  or  public  squares,  the  special  laws  and  regulations 
concerning  streets  and  water  and  the  directions  of  the 
competent  authorities  must  be  observed. 

Art.  5.  Applicants  for  wayleaves  for  electrical  con- 
ductors must  prove  their  ability  to  erect  the  same  and 
demonstrate  the  value  and  the  use  of  the  conductors  for 
industrial  purposes;  they  ought,  besides,  to  demonstrate 
that  the  wayleave  requested  and  the  manner  of  making 
use  of  the  same  is  the  most  convenient  and  the  least 
prejudicial  to  the  lands  used,  having  regard  to  the  cir- 
cumstances of  the  surrounding  lands  and  to  other 
conditions  of  the  route  and  the  place  to  which  the  elec- 
trical energy  is  to  be  conducted. 

Art.  6.  Before  undertaking  the  construction  of  the 
conductors  the  applicant  for  a  wayleave  ought  to  corre- 
spond with  the  proprietor  of  the  lands  to  be  crossed, 
proposing  an  indemnity  to  compensate  him  for  the 
diminished  value  of  the  land  which  will  be  caused  by 
the  actual  work  to  be  done  and  by  the  subsequent  opera- 
tion of  the  same.  In  estimating  compensation  the  land 
is  to  be  considered  as  it  exists  and  without  deduction  for 
the  crops  it  bears  and  with  super-valuation  of  one-fifth. 
The  undertaker  ought  also  to  compensate  the  proprietor 
for  immediate  and  subsequent  damage  owing  to  the 
intersection  of  the  land  or  other  deteriorating  effects, 
as  well  as  for  the  privilege  of  entering  upon  the  land  for 
the  purpose  of  operating  and  for  the  maintenance  of  the 
electrical  conductors. 

Art.  7.  Where  a  wayleave  for  the  conductors  is 
requested  for  a  period  of  not  more  than  9  years,  the 
agreed  indemnity  for  the  value  of  the  land  will  be 
reduced  by  one-half,  but  when  this   period  expires,  the 

•  Abstract  from  Mr.  Addenbrnoke's  paper,  founml  /.£.£..  1903, 
vol.  34,  p.  522.  For  the  complete  text  in  Italian  see  '•TransniissTone 
Deir  Energia  a  mezzo  Di  Corrcnti  Elettriche  (Legge.  Regolamenti, 
Dispositioni  e  Circolari  relative)"  in  the  Institution  Library. 
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land  must  be  restored  to  its  original  condition  at  the 
expense  of  the  undertaker  who  obtained  the  waylcavc 
for  the  conductors.  Undertakers  obLiining  a  temporary 
wayleavc  can  before  the  expiration  of  the  term  make  it 
permanent  by  paying  the  remaining  half  with  the  proper 
interest  Ironi  the  day  when  the  waylcave  was  granted. 
^^''■'  '  lirin  I1.IS  e.xpired  no  account  will  be  taken 

o'  ^^  'vc  iK-en  paid  for  the  temporary  wayleave. 

An.  ^.  1  ne  undertaker  mu>t,  in  every  case,  observe 
that  the  conductors  arc.  and  must  be,  arranged  with  due 
regard  to  the  legal  and  special  regulations  in  regard  to 
the  matter  and  the  speci.^l  directions  that  are,  and  may  be. 
established  to  regul.itc  the  working  of  telegraphic  and 
telephonic  communicition. 

Art.  q.  Disputes  which  may  arise  in  the  application 
of  the  present  law  will  be  treated  according  to  the  usual 
custom,  either  before  the  magistrates  or  in  the  Courts. 
All  the  proprietors  of  lands  on  which  it  is  desired  to  place 
conductors  can  be  convened  before  one  judicial  authority; 
in  this  case  the  magistrate  of  the  place  in  which  the  land 
is  situated,  subject  to  the  largest  contribution  towards  the 
State,  u-ill  be  the  competent  authority. 

Rl  l>s    l-,>l.-    ITTTIXG    INTO    EkkKCT   THK    ABOVE    LaW   OK 

7  JiXF,  i8<>4. 

Art.  I.  Kiectrical  conductors  for  industrial  use,  by  the 
law  of  7  June,  iS,)4,  No.  233,  are  all  those  destined  to 
conduct  encrgv  to  a  distance  by  means  of  electric 
current.*,  except  telegraph  and  telephone  conductors, 
which  arc  regulated  by  the  law  of  7  April,  1892,  Xo.  184. 

Art.  2.  When  for  the  preliminary  study  of  a  projected 
installation  of  electrical  conductors,  it  is  necessary  to  enter 
upon  any  lands  and  it  is  not  possible  to  obtain  the  consent 
of  the  proprietor,  the  person  wishing  to  establish  the 
'scan  obtain  from  the  Koyal  Magistracy  of  the 
'  in  which  are  situated  the  lands  to   be   entered 

upon  an  authorization  of  access.  He  should  be  able  to 
prove  to  the  said  authority  the  justification  of  the  request 
for  permission  and  present  a  demand  in  which  arc 
indicated  : — 

(a)  The   period  of   time   during    which    he    intends   to 

study  the  matter. 
(h)  The  lands  to  be  entered. 
(')  The  necessary  details  to  furnish  an  exact  idea  of  the 

importance  of  the  installation. 

Art.  3.     The  magistrate,  having  ascertained   the   justi- 
fication for  the  permission,  will  authorize  the  applicant 
to  enter  upon  the  linds  for  the  purpose  of  studying  the 
project,   bv   suitable   decree.     In   this   decree  the  names 
■  'O  person%  to  whom  it  applies  and 
■  i-  t"  reni.iin  in  force. 
■^  i^ion  to  avail  themselves 

"'  '  use  of  it  in  the  manner 

.il   to  the  proprietor  of  the  lands,  and  will 
,   111  to  restore  any  dainage  to  the  propertv. 
In  regard  to  inhabited  dwellings,  the  mayor  will  fix,  at  tlie 
.,.,..,....,„  ^  ,(,p  par|ie«,  a  time  and  method  when  the 
'1    can    l>c   cxcrci«cd.     When    il    is  ntccs\ary  tu 

iwav  il   will  be 
I   the  .Xdminis- 
lialK^H  i€^>onMl<le  iul  WMtking  the  lint. 


To  assure  the  payment  of  the  indemnity,  the  magistrate 
can  demand  the  deposit  of  a  suitable  sum  of  money  from 
the  applicant. 

Art.  (1.  The  demand  for  a  consent  or  the  notification  in 
regard  to  an  installation  is  to  be  addressed  to  the  Koyal 
Magistracy  of  the  Province,  in  which  the  installation  is  to 
be  located.  When  the  conductors  cross  public  works  or 
property  comprised  in  the  .areas  of  two  or  more  provinces, 
the  demand  for  the  consent  or  the  notification  is  to  be 
addressed  to  the  Minister  of  Agriculture. 

Art.  7.  When  for  the  working  of  an  installation,  the 
consent  of  the  competent  authority  is  wanted  in  the  terms 
of  Art.  5  the  undertaker,  besides  the  proof  of  his  right  to 
ask  for  a  compulsory  wayleave,  must  produce  to  the  same 
authority  : 

(<i)  A  complete  drawing  of  the  installation  with  par- 
ticulars of  the  conductors  and  of  their  supports, 
with  an  indication  of  the  crossings  of  the  public 
streets,  railways,  rivers,  streams,  and  canals,  and 
with  a  distinction,  the  telegraph  and  telephone 
lines  near  to  the  projected  conductors. 

(^)  A  description  of  the  inst.dlation,  indicating  its 
character,  whether  alternating  or  direct  current, 
the  maximum  effective  values  of  the  differences 
of  potential  and  the  strength  of  current  in  the 
conductors,  the  nature  and  section  of  the  same, 
and  the  system  of  insulation. 

The  applicant  must  also  give  a  definite  address  and  a 
period  within  which  he  undertakes  to  have  the  installation 
in  working  order. 

Art.  14.  The  proprietor  of  the  land  must  not  do  anvthing 
to  diminish  the  value  of  the  wavlcavc  or  to  render  it  more 
difficult,  nor  to  tr.msfcr  the  right  of  way  to  anv  other  posi- 
tion than  th  it  originally  fi.'ced.  Tiic  same  obligation  applies 
to  tlie  undertaker.  If,  however,  the  original  arrangement 
has  become  more  serious  to  the  proprietor  of  the  land,  or 
if  it  hinders  him  in  doing  certain  works,  repairs  or  im- 
provements, he  can  ask  the  nndcrt.akcr  to  modify  his 
arrangement  of  conductors,  offering  him  a  place  equally 
convenient  for  his  operations.  This  the  undertaker  must 
not  refuse.  Where  the  undertaker  finds  that  a  similar 
alteration  would  hcnelit  him  and  no  damage  to  the  land 
I    would  result,  it  is  to  be  permitted. 

1  Art.  15.  The  wayleave  for  the  conductors  does  not 
I  convey  to  the  undertaker  the  soil  on  either  side  under 
i  or  over  the  conductors,  or  the  relative  supports,  or  the 
I  wall  to  which  they  may  be  hung.  The  Government  Lixcs 
'  and  other  charges  on  the  land  still  re.ii.iin  against  the 
proprietor  of  the  land. 

Art.  18.  In  the  c.ises  foreseen  by  Art.  9  of  the  law  of 
7  June,  i8i)4.  No.  i;2,  it  is  the  duty  of  the  compL-tcnl 
1  authority  to  permit  the  temporary  execution  of  work  in 
the  manner  and  under  the  conditions  that  are  di."cmed 
neccss;iry  to  meet  the  public  requirements  and  the  rights 
of  the  proprietors  of  the  lands.    " 

Art  II).  The  control  of  carrying  into  effect  the  law  of 
7  June,  i8«;4.  No,  132,  and  of  the  present  rules,  in  all  cases 
the  responsibility  of  the  unicrtaker,  concerns  the  Minister 
of  Agricnllurc,  who  will  look  after  it,  where  nccesviry,  in 
accord  with  (he  other  admiiiislratinns  publlclv  interested. 
To  the  siiiK-  ininister  IIk-  magistrates  will  give  immediate 
informitioii  of    the  consents  granted  for   the  installation 
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of  electrical  conductors,  and  of  the  notifications  received 
according  to  Arts.  8  and  9  of  the  present  rules. 


APPENDIX   2. 

Expropriation'  ix  Switzerland  ix  the  Case  of 
Electrical  Works. 

Swiss  Federal  Law,  24  Joxe,  1902.='= 

The  following  clauses  extracted  and  briefly  translated 
from  the  general  law  of  above  date  relating  to  electrical 
undertakings  set  forth  the  special  provisions  made  for 
expropriation. 

Art.  43.  The  Federal  Council  has  the  right  to  grant 
powers  of  expropriation  to  the  owners  of  electrical  under- 
takings, as  also  to  the  consumers. 

Art.  44.  Branches  of  trees  endangering  the  transmission 
lines  are  to  be  removed  on  demand  of  the  undertakers, 
and  in  case  of  dispute  as  to  the  necessity  for  removal, 
indemnity,  etc.,  the  local  authority  designated  b}'  the 
Government  of  the  Canton  will  give  a  final  decision 
within  8  daj's.  The  costs  of  such  proceedings  to  be  to 
the  charge  of  the  undertakers. 

Art.  45.  Electrical  transmission  and  distribution  instal- 
lations are  defined  as  (i)  The  electrical  conductors,  whether 
aerial  or  underground  and  their  accessories,  and  (2)  Trans- 
forming stations  and  their  accessories. 

Art.  46.  The  right  of  expropriation  can  be  exercised  for 
private  property  and  also  for  railways,  but  in  the  latter 
case  the  electrical  works  must  not  interfere  with  the  work- 
ing of  the  railway,  and  ample  space  must  be  allowed  for 
the  operation  of  the  railway  and  its  telegraph  lines,  etc. 
The  public  land  and  highwavs  of  the  Cantons  and  Com- 
munes can  be  utilized,  and  rights  of  expropriation  granted 
over  the  same  for  the  transmission  and  distribution  of 
electrical  energ)'.  When  such  emplo}'  of  the  public  land 
of  a  commune  for  distribution  of  electrical  energy  is 
demanded,  the  commune  can,  to  protect  its  own  legitimate 
interests,  refuse  or  restrict  the  demand,  except  in  the  case 
where  the  energy  is  required  for  the  electrical  working  of 
a  railway.  The  Government  of  the  Canton  can  be  appealed 
to  within  20  days  of  such  refusal  or  restriction,  and  its 
judgment  can  be  further  appealed  against  before  the 
Federal  Council  within  a  further  20  days.  The  decision 
of  the  Federal  Council  will  be  final.  Electrical  under- 
takings cannot  claim  the  use  of  the  public  land  without 
also  respecting  the  otlier  uses  to  which  the  land  may  be 
applied. 

Art.  47.  Expropriation  rights  can  be  demanded  by  the 
undertakers  of  electrical  installations  or  by  consumers  both 
for  the  absolute  acquisition  of  the  property  or  for  its  con- 
ditional possession  whether  permanently  or  temporarily. 

Art.  48.  The  indemnity  is  to  consist,  according  to  the 
circumstances,  of  a  capital  sum  or  an  annual  charge.  With 
the  consent  of  the  two  parties,  the  indemnity  can  be  made 
to  include  repairs  for  damage  to  crops  or  other  damages 
similarly  caused  by  alterations  to  the  electrical  construc- 
tions. If  no  arrangement  in  this  respect  has  been  made 
between  the  parties,  the  demands  for  indemnities  which 

*  Extract  from  Mr.  Addenbrooke's  paper,  ^ounitU  f.E.E.,  IQ05, 
voL  34,  p.  52S.  For  the  complete  text  in  French  see  '*  Legislation 
Suisse  en  matieres  d'installations  electriques,"  p.  20,  in  the  Institution 
Library. 


may  be  made  during  the  working  of  the  undertaking  can, 
in  case  of  dispute,  be  settled  by  the  ordinary  procedure. 

Art.  49.  Save  the  exceptions  mentioned  in  Arts.  50 
and  54  herewith,  expropriation  will  take  place  in  accord- 
ance with  the  provisions  of  tlie  law  of  i  May,  1850. ••■ 

Art.  50.  To  obtain  powers  of  e.xpropriation,  the  under- 
takers must  address  their  demand  to  the  Government 
Survey  Department  of  electrical  works,  submitting  a  plan 
of  the  works  and  of  the  land  required.  The  Federal 
Council  will  then  grant  expropriation  rights  if,  within  a 
period  of  30  days  from  the  deposit  of  the  plans,  there  is  no 
opposition.  In  case  of  opposition,  rights  will  not  be  granted 
if  the  projected  works  can  be  modified  without  grave  tech- 
nical difficulties  involving  too  great  cost,  or  without  danger 
to  public  safetv.  Where  alterations  appear  necessary,  a 
new  application  for  expropriation  rights  can  be  proceeded 
with  on  the  demand  of  the  undertakers  of  the  works,  or  of 
the  party  to  be. expropriated. 

Art.  51.  As  well  as  depositing  the  plans  with  the  Survey 
Department  mentioned,  plans  are  to  be  deposited  in  the 
communes  affected,  so  that  everyone  concerned  can  note 
the  same.  The  deposit  of  the  plans  and  demand  for  expro- 
priation rights  shall  be  made  public,  and  in  addition  personal 
notification  shall  be  sent  to  ever^'one  concerned.  If  ex- 
propriation is  demanded  for  particular  propert}'  owners 
onl\-,  the  provisions  of  Arts.  18  and  following  of  the 
Expropriation  Law  of  1850  will  apply. 

Art.  52.  As  soon  as  the  Federal  Council  shall  have  given 
their  decision  and  approved  the  plans,  the  Estimating 
Committee  (Art.  54)  will,  if  required  by  either  party,  meet 
and  discuss  the  indemnity  to  be  paid. 

Art.  53.  After  approval  of  the  plans,  the  works  can  be 
proceeded  with,  even  though  the  Estimating  Committee 
may  not  have  finished  their  enquiry,  or  though  the  in- 
demnitv  be  not  vet  paid.  Guarantees  for  such  payment 
shall,  however,  be  forthcoming,  and  in  case  of  dispute 
the  Estimating  Committee  will  fix  the  amount  of  the 
guarantees. 

Art.  54.  Each  Canton  shall  supply  an  Estimating  Com- 
mittee of  three  members,  the  Federal  Court,  the  Federal 
Council,  and  the  Government  of  the  Canton  each  nomina- 
ting one  member  and  two  deputies  of  each  member. 

The  decisions  of  the  Estimating  Committee  can  be 
appealed  against  before  the  Federal  Court  in  accord- 
ance with  the  provisions  of  the  Expropriation  Law  of 
I   May,  1850. 


APPENDIX  3. 

Extract  from  the  United  St.ates  Agricultural  Appro- 
priation Act  for  the  Year  ending  30  June,  1912, 
Relating  to  the  Grant  of  E.asemexts  for  Rights 
of  Way  for  Electric  Lines  on  N.ational  L.ands. 

"  That  the  head  of  the  department  having  jurisdiction 
over  the  lands  be,  and  he  hereby  is,  authorized  and  em- 
powered, under  general  regulations  to  be  fixed  by  him, 
to  grant  an  easement  for  rights  of  way,  for  a  period  not 
exceeding  50  years  from  the  date  of  the  issuance  of  such 
grant,  over,  across,  and  upon  public  lands,  national 
forests,  and  reservations  of  the   United  States  for  elec- 

•  For   the  complete   text    in    French  see    "  Legislation    Suisse  en 
matieres  d'installations  electriqnes,"  p.  143,  in  the  Institution  Library. 
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trical  poles  and  lines  for  the  tnmsmission  and  distri- 
bution of  cJcctricil  power,  and  for  poles  and  lines  for 
telephone  and  telegraph  purposes,  to  the  extent  of 
JO  feci  on  each  side  of  the  centre  line  of  such  elcc- 
tri-:'  •  -'••:-'-nnc  and  telegraph  lines  and  poles,  to  any 
d:  lation.  or  corporation  of  the  I'luted  States, 

w:.  "rd  by  such  to  exercise  the  right  of  way 

hi-  r   any  one   or  more  of  the  purposes 

hf.-  i;  I'rovidcd.  That  such  right  of  way  shall 

be  ilhin  or  through  any  national  park,  national 

fo  i-y.   Indian,  or  any   other  reservation   only 

up  ,  ,  roval  of  the  chief  officer  of  the  Department 

under  whose  supervision  or  control  such  reservation 
falls,  and  upon  a  finding  by  him  that  the  same  is  not 
incompatible  with  the  public  interest  :  Provided,  That 
all  or  any  part  of  '  '  o{  wav  ni.iv  be  forfeited  and 

annulled  bv  dec  I  the  head  of  the  Department 

ha\  ■     :)  over  Uic  lands  for  non-use  for  a  period 

of  ■  :  abandonment. 

citizen,  association,  or  corporation  of  the 
L'l:  >  to  whom  there  has  heretofore  been  issued 

a  permit  for  any  of  the  purposes  specified  herein  under 
any  existing  law,  may  obUin  the  benefit  of  this  Act  upon 
the  same  terms  and  conditions  as  sh.iU  be  required  of 
cil:  '    'US,  or  corporations  hereafter  making 

ap;  ;    the  provisions  of  this  statute." 

One  of  the  first  grants  under  this  Act  was  to  the  Great 

I'  i!N   Power  Company  of  Montana  for  a  right  of  way  for 

>•  ir»  fnr  A  double-circuit  overliead    transmission  line 

on   the   public  domain.     This  grant  was 

.  '  n  the  power  company  giving  a  supply  to 

the   l.hicago,   Milwaukee   and    Pugct   Sound    Railway    at 

prices  approveti  by  the  Federal  Government.     In  addition 

the    Federal   Government   imposed   a   tax   of  5  mills  per 

l/xx)  units  passing  over  the  line.     The  terms  are  subject 

to  rei'ision  every  10  years. 


API'KNDIX    4. 
Sections  16,  2<>  asij   54,   of   thk    Pcin.ic    Mkai.th    Act 

1875    KelATIXG   to  COMI'IM-SORV    E.VSEMbNTS  KOR  THE 

Laying  IXiwx  ok  Seweks  asm>  Water  Pipes  iiv  a 
Local  Avthohitii-  ox  Private  Land. 

*■'  '     ■    •'■      Any   local  anthority  may  carry  any   sewer 

■ir  under  any  turnpike  road,  or  any  street  or 

P  '         •)'!     lit  as  or  intended  for  a  street,  or  under  any 

I  (Mir    or    v;imIi    wliicli    miv   be   under   the   pavement   or 

giving  reasonable 

.   cr  (if  on  the  report 

:')  through  or  under 


cl  to  th<  .  of  this   Act 

■  "-out   iiii    111-i.n.t  of  the  local 

'•f  the  powers  given  by  this 

iitt  (or  the  purpose  of  outfall  or 

^lict, 

III  kJjutc*  any  building -to  l>c  newly  erected  over  any 
»cwcr  of  the  urban  authority  ;  or, 


(3)  Causes  any  \-ault  arch  or  cellar  to  be  newly,  built  or 
constructed  under  the  carriageway  of  any  street. 

shall  forfeit  to  the  urb.in  authority  the  sum  of  five  pounds 
and  a  further  sum  of  forty  shillings  for  e»-cry  day  during 
which  the  offence  is  continued  after  written  notice  in  this 
behalf  from  the  urban  authoritj-  :  and  the  urban  authority 
may  cause  any  building  vault  arch  or  cell.ir  erected  or 
constructed  in  contravention  of  this  section  to  be  altered 
pulled  down  or  otherwise  dealt  with  .as  they  mav  think  fit, 
and  may  recover  in  a  summary  manner  any  expenses 
incurred  by  them  in  so  doing  from  the  offender. 

Section  54. — Where  a  local  authority  supply  water  within 
their  district,  they  shall  have  the  same  powers  and  be 
subject  to  the  same  restrictions  for  carrying  w.ilcr  mains 
within  or  without  their  district  as  they  have  and  arc 
subject  to  for  carrying  sewers  within  or  without  their 
district  respectively  by  the  law  for  the  lime  licing  in  force.- 


.M'PKN'Dl.X    s 

j  Sections  ok   the  Telegraph    Acts    Relvtixg  to  Com- 
ITLSORY  Easements  over  Private  Laxd. 

Telec.raph  Act  1892,  Section  2  (part  only). 

Power  of  Railu-ay  iind  Canal  Commisiion  to  mate  Prorisional 
Order  for  lonstriiclion  of  ttvik  on  private  land. 

2.   (i)   If  the    Poslmastcr-Gcneral    considers    that   the 
inliabitants  of   any   district   or   any   public   authority  arc 
deb.irrcd   from    the    public    convenience    of    telegraphic 
communication   owing   to   the   refusal   or   failure    of   any 
person  being  the  occupier,  lessee,  or  owner  of  any  land  or 
building  to  consent  to  the  construction  or  maintenance  of 
a    work    by    the    Poslmaslcr-Gcncral,   he    may,    without 
'    prejudice  to  any  other   power    of   proceeding   under  the 
,   Telegraph  Acts   1863  and   1878,  or  this  Act,  apply  to  the 
I    Railw.iy  and  Canal  Commission  and  that  Commission,  if 
satisfied,  after  holding  a  local  enquiry  and  giving  an  oppor- 
tunity  for   all   persons  interested    to   be   heard,   that   the 
inh.ibitants  or  authority  arc  so  debarred  as  ;iforcs.aid,  m.ay 

t   make  an  Order  consenting  to  the  construction   or  main- 
i 
tcnancc  of  the  woik,  either  unconditionally  or  subject  to 

!   such  pecuniary  or  other  terms,  conditions  and  stipulations 
as  the  Commission  think  just,  and  such  consent  shall  have 
effect  as  a  consent  given  by  the  said  person  to  the  con- 
struction  or   maintenance  of   such  work,  but   subject   as 
aforcs.aid  all    the   provisions   of   the   Telegraph  Act   iWij 
(26  ^   27  Vict.  c.  112)  shall  apply  to  such  work,  and  such 
person  shall  have  and  enjoy  all  the  protection  and  benefit 
of  such   pr"vi-ion». 

(2)  !•  ;<crson  presents  to  the  t  onitnission  within 

one  ni'  ■■    the   service   of    suih   tjider   on  htm,   a 

petition  praying  that  the  Order  shall  be  laid  bcton-  I'.irlia- 
inent,   and  docs  not  witlidi.iw    Ih  il   petition,  >-iith  Older 
sh.ill  have  no  effect  until  I   hv   Parliament  with 

such  mofliliiations  (if  any.   .-  1  .......incnt  ni.iy  approve  or 

direct  ;  but  if  such  petition  is  not  prcscntid,  or  though 
pre>>entcd  is  withdrawn,  the  Railwav  and  (.anal  Commis- 
sion shall  icilify  the  fad,  and  .ifter  the  dale  of  the 
certificate  Mich  Ordci   shall  have  full  effect. 
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Telegraph  (Construction)  Act  1908,  Section  4. 

E.ylcnsion  of  s.  2  of  Telegraph  Ad  1892.  55  &  56  Vhl.  c.  59. 
4.  The  provisions  of  Section  2  of  the  Telegraph  Act, 
1892,  shall  apply  where,  on  the  application  of  the  Post- 
master-General the  Railway  and  Canal  Commission  are 
satisfied,  that  owing  to  the  refusal  or  failure  of  any  person, 
being  the  occupier,  lessee,  or  owner  of  any  land  or  building, 
to  consent  to  the  construction  or  maintenance  of  a  work 
by  the  Postmaster- General,  telegraphic  communication 
cannot  be  supplied  to  any  district  or  place  except  at 
unreasonable  cost  or  on  unreasonable  conditions. 

Telegraph  (Construction)  Act  1916,  Section  i. 
User  of  land  and  buildings  for  telegraphic  lines. 

1.  If  the  owner,  lessee,  or  occupier  of  any  land  or 
building  refuses  or  fails  to  give  his  consent  to  the  placing 
of  a  telegraphic  line  under,  in,  upon,  over,  along  or  across 
the  land  or  building  within  2  months  after  being  required 
to  do  so  by  notice  from  the  Postmaster-General,  a  differ- 
ence shall  be  deemed  to  have  arisen  between  the  Post- 
master-General, and  that  owner,  lessee,  or  occupier,  and 
Sections  3,  4,  and  5  of  the  Telegraph  Act  1878  (41  &  42 
Vict.  c.  76)  shall  apply  accordingly  as  if  it  were  a  difference 
arising  under  the  Act  : 

Provided  that  the  tribunal  to  which  the  difference  is 
referred  under  these  sections  shall  not  give  its  consent 
to  the  placing  of  the  line  unless  satisfied  that  such  refusal 
or  failure  is  contrary  to  the  public  interest ;  and  in  decid- 
ing whether  to  give  its  consent  or  to  impose  any  terms, 
conditions,  or  stipulations,  including  tlie  carrying  of  any 
portion  of  the  line  underground,  the  tribunal  shall,  among 
other  considerations,  have  regard  to  the  effect,  if  any,  on 
the  amenities  or  value  of  the  land  of  the  placing  of  the 
line  in  the  manner  proposed  ; 

Provided  also  that,  subject  as  aforesaid,  all  the  pro- 
visions of  the  Telegraph  Act  1863  (26  &  27  Vict.  c.  112), 
shall  apply  in  the  case  of  the  exercise  of  any  powers 
authorized  to  be  exercised  under  this  section,  and  such 
owner,  lessee,  or  occupier,  shall  have  and  enjoy  all  the 
benefits  of  such  provisions. 

Telegraph  Act  1878,  Section  4. 

Differences  relating  to  a  street  or  public  road  to  be  deter- 
mined by  stipendiary  magistrate,  county  court  judge,  or 
sheriff. 

4.  Where  any  difference  arises  under  this  Act  or  the 
Telegraph  Act  1863  between  the  Postmaster-General  and 
any  body  or  person  having  any  power,  jurisdiction,  or 
control  over  or  relating  to  a  street  or  public  road,  or 
having  power  under  the  last-mentioned  Act  to  give  or 
withhold  a  consent  to  the  placing  of  telegraphs  and  posts 
in,  under,  upon,  along  or  across  a  street  or  public  road, 
such  difference  shall  in  England  or  Wales  and  Ireland 
be  referred  to  tlie  police  or  stipendiary  magistrate  having 
jurisdiction  within  the  district  in  which  the  difference  has 
arisen,  or  if  there  be  no  such  magistrate,  then  to  the  judge 
of  the  county  court  having  jurisdiction  within  such  dis- 
trict, and  in  Scotland  to  the  sheriff,  and  such  magistrate, 
judge,  and  sheriff  are  respectively  empowered  and  required 
to  hear  and  determine  such  difference,  and  Sections  30 
to  33  both  inclusive,  of  the  Regulation  of  Railways  Acts 


1868  (31  &  32  Vict.  c.  119),  shall  apply  to  every  difference 
so  referred  to  such  magistrate,  judge,  or  sheriff  (as  the  case 
may  be)  in  like  manner  as  if  he  were  an  arbitrator 
appointed  pursuant  to  those  sections,  and  as  if  the  Post- 
master-General, body,  or  person  between  whom  the 
difference  has  arisen  were  companies  within  the  meaning 
of  those  sections. 

Provided  always,  that  in  case  either  the  Postmaster- 
General  or  the  body  or  person  between  whom  the 
difference  has  arisen  shall  be  dissatisfied  with  the  award 
or  decision  of  such  magistrate,  judge,  or  sheriff,  the  party 
so  dissatisfied  may  within  21  days  after  such  award  or 
decision  require,  In-  a  notice  in  writing  given  to  the  other 
party,  that  the  difference  shall  be  referred  to  the  Railway 
Commissioners. 

APPENDIX   6. 

The  following  sections  of  the  Indian  Telegraph  Act 
1885  relate  to  powers  for  placing  telegraph  lines  on 
private  land  in  India. 

These  powers  have,  in  certain  cases,  been  extended  to 
electricity  supply  undertakers. 

Power  to  Pl.\ce  Telegraph  Lines  and  Posts. 

Power  for  telegraph  authority  to  place  and  maintain   tele- 
graph lines  and  posts. 

10.  The  telegraph  authoritj'  may,  from  time  to  time, 
place  and  maintain  a  telegraph  line  under,  over,  along  or 
across,  and  posts  in  or  upon,  any  immov'able  property  : 

Provided  that — 

(a)  the  telegraph  authority  shall  not  exercise  the  powers 
conferred  by  this  section  except  for  the  purposes 
of  a  telegraph  established  or  maintained  by  the 
Government,  or  to  be  so  established  or  main- 
tained ; 

(6)  the  Government  shall  not  acquire  any  right  other 
than  that  of  user  only  in  the  property  under,  over, 
along,  across,  in  or  upon  which  the  telegraph 
authority  places  any  telegraph  line  or  post  ;  and, 

(c)  except  as  hereinafter  provided,  the  telegraph  authority 
shall  not  exercise  those  powers  in  respect  of  any 
property  vested  in  or  under  the  control  or  manage- 
ment of  any  local  authority,  without  the  permis- 
sion of  that  authority  ;  and 

(rf)  in  the  exercise  of  the  powers  conferred  by  this 
section  the  telegraph  authoritj'  shall  do  as  little 
damage  as  possible,  and,  when  it  has  exercised 
those  powers  in  respect  of  any  property  other  than 
that  referred  to  in  Clause  (c),  shall  pay  full  com- 
pensation to  all  persons  interested  for  any  damage 
sustained  by  them  by  reason  of  the  exercise  of 
those  powers. 

Provisions  applicable  to  other  propert)'. 

E.vercise  of  powers  conferred  by  Section  lo,  and  disputes  as  to 
compensation,  in  case  of  property  other  than  that  of  a 
local  authority. 
16.  (Part  only). 

(i)  If  the  exercise  of  the  powers  mentioned  in  Sec- 
tion 10  in  respect  of  property  referred  to  in  Clause  (rf) 


342 


VERNIER  :  WAYLEAVES. 


of  that  section  is  resisted  or  obstructed,  the  district 
magistrate  may,  in  his  di>crction,  order  that  the  tele- 
graph authority  shall  l>c  permitted  to  exercise  them. 

\2\  If,  after  the  making  of  .in  order  under  Sub- 
section (I),  any  person  resists  the  exercise  of  those 
powers,  or,  having  control  over  property,  docs  not  give 
al:  for    their    l>ciiig    exercised,    he    shall    be 

di  ive  committed  an  offence  under  Section  i88 

of  the  Indian  IVnal  Code  XLV  of  iS6o.* 

'  ;~   If  inv  dispute  ari>es  concerning  the  sufficiency  of 
Ml  ■  itionto  be  paid  under  Section  lo.  Clause  (</), 

it  >.......  V  ,.  .ipplication  for  that  purpose  by  either  of  the 

disputing  parties  to  the  District  Judge  within  whose 
jurisdiction  the  property  is  situate,  be  determined  by 
him. 

Removal  or  alteration  of  telegraph  line  or  post  on  property 
otiier  than  that  of  a  local  authority. 

17.  (Part  only). 

(1^  When,  under  the  foregoing  provisions  of  this  Act, 
a  telegraph  line  or  post  h.is  been  placed  by  the  telegraph 
authority  under,  over,  along,  across,  in  or  upon  anv 
property,  not  being  property  vested  in  or  under  the 
control  or  management  of  a  local  aiitliority.  and  any 
per!rf)n  enlillid  to  do  so  desires  to  deal  with  that  pro- 
perty in  such  a  manner  as  to  render  it  necessary  or 
convenient  that  the  telegraph  line  or  post  should  be 
removed  to  another  part  thereof  or  to  a  higher  or  lower 
level  or  altered  in  form,  he  may  require  the  telegraph 
authority  to  remove  or  alter  the  line  or  post  accord- 
ingly : 

Provided  that,  if  compensation  has  been  paid  under 
Section  10,  Clause  (rf),  he  shall,  when  making  the  requi- 
sition, tender  to  the  telegraph  authority  the  amount 
requisite  to  defray  the  expense  of  the  removal  or 
alteration,  or  half  of  the  amount  p.iid  as  compensation, 
whichever  mav  be  the  smaller  sum. 


APPKNLUX   7. 
Mkuokwiium   ox  thf.   Procedirf.  fok  Sktti.ixg  Com- 

ftVsATION-  U.S-I>KR  THE  LaXUS  CLAUSKS  COXSOI.I  DATION 

Acts  1845,^  i860,  and  1869. 

The  compensation  to  be  paid  for  the  compulsory  pur- 
chase of  land  including  damage  caused  by  severance,  and 
arising  from  the  execution  of  the  work,  failing  agreement 
ilicparties,  IS  determined  by  either  of  the  following 

(a)  When  (he  amount  claimed  docs  not  exceed  ^50  or 
''  '  at  will,  i.e.  on 

'  compensation 

'  '  stipendiary  magis- 

''  '-  :!,i..i.,,ii    A. I    1845, 

iicctions  32,  lai), 

<r]  ai  well  !•  Knelanil  in<t  WkIm      Th<fT 


(b)  In  all  other  cases  the  amount  to  b«  paid  for  com- 
pensation is  fixed  by  a  jury  or  by  arbitration  at 
the  option  of  the  party  claiming  compensation 
(I^nds  Clauses  Consolidation  .Xct  1845,  Sections 
S3.  25)- 

A  person  fully  entitled  to  dispose  of  l.ind  may  sell  or 
convey  such  lands  in  consideration  of  an  ann\ial  rent 
charge  to  be  paid  by  the  promoters,  and  pcrsoii>  whose 
power  of  conveyance  is  in  doubt  may  also  .idopt  this 
course  (Lands  Clauses  Consolidation  Act  1845,  Section 
10,  and  Lands  Clauses  Consolidation  Acts  Amendment 
Act   i860.  Sections  I,  2,  and  4). 

There  arc  no  special  provisions  in  the  Lands  Clauses 
Acts  for  settling  compensation  in  connection  with  the 
compulsory  acquisition  of  easements  or  wayleaves  over 
private  land,  but  in  a  few  exceptional  c.iscs,  e.g.  in  con- 
nection with  the  great  water  schemes  for  bringing  water 
over  long  distances  to  large  cities,  special  Acts  of  Parlia- 
ment have  conferred  exceptional  provisions  to  enable 
easements  for  the  laying  of  pipes,  etc,  to  be  taken 
compulsorily  under  the   Lands  Clauses  Acts. 

These  .Acts  contain  a  proviso  in  the  following  terms  : — 

"  Provided  alwavs  that  nothing  herein  cont.iined  shall 
authorize  the  Corporation  to  acquire  by  compulsion  any 
such  e.i^enicnt  in  any  case  in  winch  the  owner  in  his 
particulars  of  claim  shall  require  the  Corporation  to 
acquire  the  lands  in  respect  of  which  they  have  given 
notice  to  treat  for  the  acquisition  of  an  easement  only, 
and  every  notice  to  treat  for  the  acquisition  of  an 
easement  shall  be  endorsed  with  notice  of  this  proviso." 

Such  provisions  exist  in  the  special  Acts  authorizing  the 
Corporation  of  Manchester  to  bring  water  from  Lake 
Tliirlmcre,  and  the  Corporation  of  Hiriningliam  from 
Wales,  also  the  Liverpool  Corporation's  Vvriiwy  scheme. 

The  sittlcment  of  disputes  in  compensation  cases  by  a 
jury  or  by  artiitration  is  so  costly,  involving,  as  it  docs, 
the  employment  of  counsel  and  expert  witnesses,  that 
public  bodies  often  prefer  to  pay  exorbitant  prices  for 
the  purchase  of  land  rather  than  take  the  matter  to 
arbitration. 

In  the  event  of  an  arbitration,  unless  the  parties  agree 
upon  a  single  arbitrator,  each  side  must  appoint  an 
arbitrator,  and  the  arbitrators  must  then  .agree  upon  and 
appoint  an  umpire  l>efore  entering  upon  the  arbitration 
(Lands  Clauses  Consolidation  Act  1845,  Sections  25,  27). 
The  cost  of  arbitration  must  be  borne  by  the  promoters 
unless  the  amount  aw.irded  is  the  same,  or  less  than, 
originally  offered  by  the  promoters  (l<ands  Clauses  Con- 
solidation Act  1845,  Section  ;;4). 

This  procedure  is  therefore  impracticable  in  such  a  rela- 
tively small  matter,  as  the  ascertainment  of  the  f.-»ir  rent  to 
be  paid  for  a  wayleave  for  an  electric  main  on  private 
property. 

Parliament  has  already  recognized  the  difiicultics  created 
in  certain  cases  by  the  clal>orale  and  cosily  procedure  of 
the  Lands  Clauses  Acts  as  in  some  recent  Acts,  for  instance, 
the  Housing  and  Town  Planning  Act  l(^>,  alocal  authority 
may  purchase  land  compiiNorily  by  oblaining  an  Order 
from  the  Local  (tovernincnl  Hoard,  which  requires  no 
confirmation   by   Parliament,  and  the  compensation  to  be 
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paid  is  to  be  settled,  failing  agreement,  by  a  single  arbi- 
trator "  who  shall  hear  by  themselves  or  their  agents,  any 
authorities  entitled  to  appear,  and  shall  hear  witnesses, 
but  shall  not  except  in  such  cases  as  the  Board  may  other- 
wise direct,  hear  counsel  or  expert  witnesses."  Further, 
"  The  Board  may,  with  the  concurrence  of  the  Lord 
Chancellor,  fix  a  scale  of  costs  and  may  disallow  costs 
to  any  witness  whom  he  considers  to  have  been  called 
unnecessarily,  and  any  other  costs  which  he  considers 
to  have  been  caused  or  incurred  unnecessarily"  (Housing 
and  Town  Planning  Act  1909,  First  Schedule). 

Even  this  procedure  is,  in  my  opinion,  likely  to  prove  too 
costly  for  wayleaves  for  electric  mains,  but  I  think  it  will 
bear  discussion. 

The  following  procedure  allowfcd  in  certain  cases  by  the 
Lands  Clauses  Act  is  worthy  of  notice. 

It  would  appear  from  Sections  9  and  58  of  the  Lands 
Clauses  Consolidation  Act  1845  and  Sections  2  and  4  of  the 
Amendment  Act  i860,  that  in  cases  where  (a)  the  parties 
claiming  the  lands  cannot  be  found  or  by  reason  of  absence 
from  the  kingdom  are  prevented  from  treating,  or  (b)  that 
the  parties  interested  in  the  sale  are  not  entitled  to  dispose 
of  the  lands  absolutely,  the  procedure  is  considerably 
simplified,  doubtless  because  there  is  no  surrender- of  title 
to  the  land.  In  the  former  case,  the  compensation  is  deter- 
mined by  the  valuation  of  a  surveyor  nominated  by  two 
justices,  and  the  purchase  money  is  deposited  in  a  bank 
for  the  benefit  of  the  parties  interested,  and  in  the  latter 
case  may  be  determined  bv  the  valuation  of  two  surveyors, 
one  of  whom  is  appointed  by  each  side,  and  failing  agree- 
ment by  a  third  surveyor  appointed  by  two  justices.  Sec- 
tion 4  of  the  Lands  Clauses  Consolidation  Acts  Amendment 
Act  i860  also  gives  important  directions  in  this  case  as  to 
the  basis  of  the  annual  rent  charge  by  way  of  compen- 
sation, viz.  that  the  annual  rent  charge  sliall  in  no  case 
be  less  than  one-fourth  part  greater  than  the  net  annual 
rent  received  for  the  lands  on  an  average  of  the  last  seven 
years,  and  that  a  charge  of  5  per  cent  on  the  gross 
sum  estimated  by  way  of  compensation  for  permanent 
damage  or  injury  to  the  lands  shall  be  added  to  and 
form  a  part  of  the  said  rent  charge. 

As  in  the  case  of  easements  or  wayleaves  for  electric 
mains,  there  is  clearly  no  surrender  or  conveyance  of 
title  to  the  land,  I  suggest  that  a  similar  procedure  might 
be  adopted  in  these  cases. 

Finally  Section  85  of  the  Lands  Clauses  Consolidation 
Act  1845  authorizes  the  promoters  of  the  undertaking  to 
enter  upon  and  use  the  required  lands  before  an  agree- 
ment has  been  come  to  or  the  amount  of  compensation 
has  been  fixed,  upon  making  a  deposit  and  giving  bond. 


APPENDIX  8. 

(Supflic-d  by  Mr.  H.  M.  Savers,  17  .l/<;/7,  1917.) 

The  Sp.^xish  L.wv  of  23  March,  1900,  ox  Compulsory 
Wayleaves  for  Electric  Lixes. 

Art.  I.  Compulsory  wayleaves  for  electric  lines  created 
by  this  law  cover  the  use  of  land  for  the  installation  of 
aerial  and  underground  lines  for  the  transmission  of  elec- 
trical energy,  and  for  the  continued  maintenance  thereof, 
subject  to  proper  compensation  to  the  owner  of  the 
property  utilized. 


Art.  2.  The  power  to  declare  and  decree  such  com- 
pulsory wayleaves  lies  with  : — 

The  Minister  of  Fomento  (i.e.  Industry,  Public  Works, 
etc.),  when  the  wayleavc  covers  State  roads  and  canals, 
public  watercourses,  railways,  and  in  all  cases  when  it 
affects  directly  or  indirectly  any  public  work,  or  in  which 
the  transmission  lines  extend  to  more  than  one  province. 

The  Governor  of  the  province  in  all  other  cases  ;  but 
only  after  hearing  the  provincial  and  municipal  councils  if 
the  proposed  wayleave  affects  provincial  or  municipal 
works,  respectively. 

Art.  3.  The  petition  for  the  concession  of  a  compulsory 
wayleave  must  include  a  descriptive  memorial  and  plan  of 
the  installation,  and  is  to  be  presented  to  the  Government 
Office  of  the  province  or  provinces  concerned.  Eight 
days  afterwards  the  Governor  will  open  a  public  enquiry 
which  will  remain  open  for  one  month. 

(Note. — This  does  not  mean  a  public  hearing,  but  a 
period  within  which  anyone  interested  can  deposit  objec- 
tions or  representations  in  respect  to  the  proposal.) 

Within  the  first  10  days  of  the  month  mentioned,  the 
enquiry  will  be  notified  in  the  "  Official  Gazette  "  and  will  be 
also  notified  to  the  mayors  of  the  municipalities  concerned, 
with  the  object  that  they  shall  inform  the  proprietors 
interested.  Objections  are  to  be  delivered  within  the 
prescribed  period  to  the  Head  Office  of  Public  Works  of 
the  province,  which  shall  report  theron  within  10  days  to 
the  Governor,  who  will  within  another  10  days  either 
decide  the  matter,  or  will  refer  it  to  the  Minister  of 
Fomento  with  his  report.  The  Governor's  decision  may 
be  appealed  against  before  the  Ministry  of  Fomento. 

To  be  able  to  require  a  declaration  of  public  utility  for 
the  effects  of  this  law,  it  will  be  necessary  for  the  peti- 
tioner to  prove  title  to  the  power  to  be  utilized  and 
conveyed  by  the  transmission  line. 

(Note. — This  seems  to  mean  the  right  to  utilize  hydraulic 
powers  which  is  subject  to  special  laws  and  regulations.) 

Art.  4.  The  compensation  established  by  Art.  i  consists 
in  the  previous  payment  to  the  owner  of  the  property  by 
the  party  obtaining  the  wayleave  of  the  value  of  the  area 
of  the  land  to  be  occupied  by  the  posts  or  by  the  width  of 
the  trench  in  the  case  of  underground  lines,  the  value  of 
all  damage  and  losses  caused,  and  the  value  of  the  right 
of  entry  necessary  for  the  guarding,  maintenance,  and 
repair  of  the  line  ;  it  being  understood  that  in  no  case 
shall  the  value  of  the  wayleave  for  the  line  and  access 
thereto  together  exceed  the  just  price  of  a  strip  of  land 
two  metres  in  width. 

Art.  5.  All  the  necessary  works  for  the  construction  and 
maintenance  of  the  line  shall  be  at  the  expense  of  the 
party  obtaining  the  wayleave.  The  land  necessary  for  the 
deposit  of  materials  may  be  occupied  temporarily  subject 
to  the  previous  payment  of  compensation  fo^r  damages  so 
caused,  or  to  the  deposit  of  a  sufficient  sum  if  it  is  not  easy 
to  estimate  this  beforehand,  or  if  the  parties  cannot  agree 
upon  the  amount.  The  owners  or  administration  can 
compel  the  concessionaire  to  execute  the  works  considered 
necessary  by  the  Ministry  of  Fomento  for  the  avoidance 
of  accidents. 

Art.  6.     The  owners  of  the  lines  v;ill  be  responsible  by 
civil  process   for   all   damages  caused   to   the   properties 
subject  to  the  wayleaves. 
Art.  7.     Anyone  damaging  or  interfering  with  the  lines 
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will  be  criminally  responsible  as  determined  by  the 
existing  law. 

Art.  8.  Compulsory  waylcavgs  cannot  be  imposed  over 
buildin);;s  or  their  yards,  stables,  garden*,  enclosed 
orchards,  or  kitchen  gardens  annexed  to  dwelling-houses 
existing  at  the  time  that  the  wayleave  is  decreed. 

Art.  9.  Neither  can  such  wavleaves  be  granted  over  any 
kind  of  enclosed  property  if  the  owner  or  owners  prove 
that  there  is  a  route  by  public  roads  contiguous  thereto 
available  for  the  electric  lines  with  an  increase  in  length 
not  exceeding  20  per  cent,  or  over  unenclosed  property  if 
the  available  routes  by  roads,  etc.,  do  not  increase  the 
length  of  the  lines  hy  more  than  10  per  cent. 

Art.  10.  The  concession  of  the  wayleavcs  shall  not  pre- 
vent the  owner  of  the  properly  from  enclosing  it.  or  build- 
ing on  it,  provided  that  the  wayleavcs  for  the  line  and 
access  thereto  are  maintained  in  .iccordance  with  Art.  5. 
In  these  cases  the  owner  will  have  the  right  to  require 
alteration  of  the  alignment  of  the  line  in  the  parts  aflfccted 
by  the  fencing,  etc.,  or  the  building,  subject  to  Art.  8  of 
this  law. 

.\rt.  1 1.  Wayleavcs  will  cease  to  have  effect  if  not  made 
use  of  during  nine  years,  which  periofl  shall  be  reckoned 
from  the  date  on  which  the  owner  received  the  compensa- 
tion paid  according  to  Art.  4. 

Art.  1 2.  Compulsory  wayleavcs  for  lines  within  populous 
places  will  be  regulated  by  the  general  and  local  urban 
police  ordinances,  and  so  far  as  not  provided  for  by  those 
ordinances,  by  the  precepts  of  the  Civil  Code. 

Art.  13.  The  Ministry  of  Fomcnto  will  prescribe  the 
regulations  for  the  accomplishment  of  this  law. 

Koyal  Assent,  23  March,  1900. 


REorij^Tioxs   hx>R   THE   Arri-icATiox   oi-    thk    L.wv   01 
23  March,  1900.*^^     Royal  Approval  7  Octoiibr,  1904. 

.\rl.  3.  To  obtain  the  benefit  of  the  I.iw  of  compulsory 
wayleave*  lor  electric  lino,  undertakings  must  have  l>een 
declared  of  public  utility  hy  the  Administration,  and  will 
be  subject  to  all  the  relevant  conditions  established  by 
these  regulations. 

Art.  4.  l.'ndcrtakings  for  private  use  only,  if  they  occupy 
positions  subject  to  governmental  service — whether  Slate, 
Pf  1    Municipal — or  public  lan<ls,  and  requiring 

for  .!\iti<in  special  regulations,  will   Ik;  subject   so 

fai  tion  is  concerned  to  these  regulations. 

Jers  to  electric  lines  over  or  under  streets, 
roads,  etc.,  tK'ionging  to  undertakings  which  are  not 
entitled  to  compulsory  wayleavcs.) 

Art.  5.  The  undertaking-,  referred  to  in  Art.  4  require 
kpecial  concession  to  authori/.c  their  use  of  the  public  w.iys 
an<l  properlv  mentioned,  but  not  for  works  executed  on 
their  own  proper  lies. 

Arl  fi  I'tvlcrl.ikiiigs  .iffecting  miliLiry,  industrial,  min- 
in;  will  be  subject  to  the  special 

re,  oi'sides  those  herein  laid  down  ; 

an  I    populous   places  to  the  general  and   local 

Ui  I  urban  police  and  otherwise  to  the  precepts 

of  <xlc. 

All    /.     1  lie  declaration  of  public  utility  and  the  con- 
ccMiont  and  autlxiti/^lioiis  referred   to  in   the  preceding 
•  AMrai.1. 


articles  will  be  declared  and  decreed  in  virtue  of  adminis- 
trative process  with  the  information  and  procedure  laid 
down  in  these  regulations,  and  subject  to  the  general  con- 
ditions thereof  .IS  well  as  to  special  coiulitions  required  by 
the  circumstances  of  each  case. 


CON'CESSIOXS    ASM)    PROCEDfRE. 

Arl.  8  repeats  the  provisions  of  Art.  2  of  the  law  .ns  to 
the  authorities  having  power  to  grant  concessions,  adding 
that  the  same  authorities  will  have  power  to  sanction 
further  alterations. 

Art.  9.  Permits  the  division  of  the  process  into  parts 
coming  under  one  or  the  other  of  the  authorities  named, 
to  facilitate  the  obtaining  of  consents  to  future  alterations 
by  reference  only  to  tlie  one  concerned. 

Art.  10.  The  petitioner  is  to  present  the  request  for 
a  concession  to  the  Governor  of  the  province  in  which 
the  energy  is  to  be  produced  or  whence  the  transmission 
starts.  When  compulsory  wayleavcs  are  required  the 
petitioner  must  proTe  his  title  to  the  power  to  be  utilized, 
and  must  deliver  a  list  of  all  the  private  properties  to 
l>e  traversed  by  the  lines,  and  of  their  owners.  If  the  pro- 
cess is  divided  as  provided  in  Art.  9,  the  necessary  hsts, 
etc.,  must  be  made  out  separately  for  each  part. 

Arl.  II.  Besides  tlie  list  of  properties  and  owners,  the 
following  documents  must  accompany  the  petition  : — 

1.  A  description  of  the  system,  its  ownership,  voltage, 
and  the  object  of  the  undertaking,  the  insulation  and  re- 
sistance of  the  underground  or  aerial  conductors,  their 
position  with  reference  to  other  lines  crossed  or  within 
the  range  of  their  inlluencc,  with  special  mention  of  tele- 
graph and  telephone  lines,  and  submarine  cable.^,  within 
25  metres  thereof,  as  well  as  the  proposed  methods  of 
crossing  and  occupation  of  public  ways  and  lands. 

2.  A  general  plan  and  section  showing  the  properties 
afTected,  detailed  plans  of  the  parts  near  dwellings,  public 
wavs  and  lands  ;.  for  underground  lines  the  position  of 
pipes,  etc.,  existing  on  the  route,  and  for  aerial  lines  the 
existing  .lerial  lines  within  25  metres  of  the  proposed 
liiic^. 

3.  An  estimate  of  the  amount  of  public  lands  to  be 
occupied,  and  if  the  undertaking  is  for  public  supply,  a 
statement  of  the  tariffs  to  be  adopted  and  the  other  data 
required  by  Cap.  8  of  the  regulations  of  the  gener.il  law 
of  Public  Works  of  i  July,  1S77,  so  far  as  it  relates  to 
concessions  affecting  public  and  Stale  property. 

Art.  12.  The  date  and  hour  of  the  deli\'cr)'  of  these 
documents  will  be  recorded  :  at  the  end  of  throe  days 
they  will  be  sent  to  the  Chief  luigineer  of  Public  Works, 
who  in  a  further  six  days  will  report  whcllicr  they  arc  or 
are  not  sufTicicnt  to  serve  as  the  ba-.is  oi  tin-  process,  and 
in  the  latter  case  will  return  the  documcnls  for  amend- 
ment or  amplification  ;  the  pclilioiier  liaving  tiic  right  to 
appeal  to  the  General  Oireclion  of  Public  Works  if  he 
docs  not  accept  the  Governor's  decision,  b  ■■•cd  on  the 
report  of  the  Chief  Knginecr. 

(Note.— The  Chief  Kngincer  referred  to  is  llic  Provincial 
Chief  Kngineer  to  the  Department  of  Public  Works,  and 
the  Geneial  Direction  of  Public  Works  is  the  Head 
Authority  of  thai  sub-department  at  the  Ministry  of 
Koinento  in  Madrid.) 
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Art.  13.  If  declared  sufficient,  the  Governor  at  the  end 
of  three  daj-s  after  receipt  of  the  Chief  Engineer's  report, 
will  publish  the  application,  etc.,  in  the  ''  Official  Gazette" 
of  the  Province,  and  will  open  a  public  enquiry  for  30 
days,  within  which  time  the  objections  of  interested  parties 
can  be  received.  If  other  Provinces  are  affected  the 
respective  Governors  are  to  be  advised  and  are  to  publish 
the  notice  in  the  same  way.  The  published  notice  is  to  be 
sent  to  the  Mayors  of  the  districts  affected  who  are  to  dis- 
play them  in  the  usual  places  for  public  announcements 
during  30  days,  and  are  also  to  inform  the  owners  of  the 
pfopcrties  over  which  it  is  proposed  to  take  compulsory 
wavleaves.  Objections  are  to  be  presented  within  the 
period  named  at  the  Chief  Office  of  Public  Works  in  the 
Province,  and  similarly  the  Mayors  at  the  end  of  the  period 
will  remit  thereto  certificates  that  they  have  made  the 
publications  and  notifications  required,  and  will  also  report 
on  the  projects  so  far  as  they  affect  municipal  services. 
The  objections  will  be  notified  to  the  petitioner  within 
three  days,  who  will  then  have  10  days  in  which  to  answer 
them,  or  to  accept  them,  and  alter  his  proposals  accord- 
inglj',  as  he  mav  consider  proper. 

Art.  14.  If  the  proposals  affect  State  works  and  services 
of  other  Deoartments  than  the  Ministry  of  Fomento,  or  of 
the  Provincial  Governments,  the  chiefs  of  such  Depart- 
ments, etc.,  are  to  be  advised  and  to  report  within  10 
days,  with  any  proposals  which  they  think  necessary  for 
the  protection  of  their  respective  services.  To  save  time 
the;. petitioner  may  furnish  special  or  duplicate  documents 
for  ponsideration  by  these  Departments  at  the  same  time 
as  the  public  enquir)-  is  proceeding. 

Art.  13.  Tlie  whole  of  the  documents  and  reports  and 
the  reply  of  the  petitioner  will  then  pass  to  the  Chief 
Engineer  who  will  report  upon  the  whole  matter  within 
10  days,  unless  he  finds  it  necessary  to  inspect  the  locality'. 
In  the  latter  case  he  will  within  three  days  advise  the 
Governor  accordingly  with  an  estimate  of  the  cost  of  the 
inspection,  of  which  the  petitioner  will  be  advised.  When 
the  amount  has  been  paid  in,  the  Engineer  will  either  him- 
self or  by  deputy  make  the  inspection  within  a  period  of 
30  days.  This  period  may  be  extended  by  the  Governor 
up  to  a  ma.\imum  of  60  days,  or  further  by  special  autliority 
of  the  Minister  of  Fomento  for  due  cause  shown. 

Art.  16.  The  Governor  after  hearing  the  opinion  of  the 
Provincial  Council,  which  shall  report  within  10  days,  will 
give  his  decision  within  an  equal  period  if  the  concession 
is  within  his  powers  ;  and  if  it  is  be\'ond  his  jurisdiction, 
he  will  refer  it  with  his  report  to  the  Minister  of  Agri- 
culture, Industry,  Commerce,  and  Public  Works,  to  whom, 
in  any  case,  an  appeal  shall  lie  against  the  decision  of  the 
Governor. 

Art.  17.  Ptovides  for  cases  affecting  more  than  one  Pro- 
vince that  there  shall  be  a  similar  notification,  etc.,  in  each, 
the  Governor  01  the  Province  in  which  the  energy  is  to  be 
generated  acting  as  the  originator  of  the  notices,  etc., 
and  having  to  collect  all  the  documents  from  the  other 
Provinces  as  well  as  from  his  own,  and  to  remit  them 
conjointly  to  the  Ministry-. 

Art.  18.  Prescribes  the  procedure  for  undertakings  re- 
ferred to  in  Art.  4  not  requiring  compulsor\-  wayleaves. 

Art.  19.  Provides  that  a  deposit  of  i  per  cent  of  the  esti- 
mated cost  of  the  works  affecting  public  property  is  to  be 
made  by  the  petuioner  with  the  petition,  which   is  to  be 
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made  up  to  3  per  cent  after  receiving  the  concession  and 
before  commencing  any  work  on  such  property.  This 
deposit  is  subject  to  any  claims  ;  first  for  any  damage  done 
to  public  property  ;  secondly  to  pipes  and  other  property 
belonging  to  other  parties  on  such  property,  but  the  peti- 
tioner w-ill  be  liable  to  the  State  and  to  such  other  owners 
for  any  damage  in  excess  of  the  amount  of  the  deposit,  by 
civil  process.  The  deposit  will  be  returned  at  the  conclu- 
sion of  the  works  properly  executed,  if  no  claims  have 
been  made  upon  it,  against  the  certificates  to  that  effect  of 
the  Mayors  of  the  districts. 

Art.  20.  Repeats  the  provisions  of  the  compensation 
pavablc  for  the  wayleave. 

(XoTE. — The  procedure  for  determining  the  amount  of 
compensation  is  not  set  out  in  these  regulations.  It  is 
referred  to  as  the  "just  price"  {jtistiprccio).  and  is  deter- 
mined under  the  provisions  of  the  general  law  for  assessing 
the  compensation  for  compulsorj-  expropriations,  ease- 
ments, etc.) 

Arts.  22-26.  Repeats  the  provisions  of  the  law  as  to 
buildings,  enclosed  property,  etc.,  in  relation  to  com- 
pulsory wayleaves. 

(XoTE. — In  reference  to  ''enclosed  property,"  very  little 
agricultural  land  in  Spain  is  enclosed  in  any  way.) 

Spanish  Law  of  CoMPtJLsoRY  Expropriation'. 

(Abstract  of  the  procedure  of  valuation  of  property  taken 
for  works  declared  to  be  of  public  utility.) 

The  declaration  of  "  public  utility  "  has  to  be  made  by 
the  Ministry  interested  in  the  case  of  works  affecting 
more  than  one  province  ;  or  by  the  Governor  of  the 
province  if  onlv  that  one  is  affected.  The  works  which 
may  be  so  declared  include  anj'  works  which  result  in 
public  benefit,  whether  executed  by  a  governing  authority 
or  by  duly  authorized  companies  or  private  firms.  If  so 
declared  by  the  terms  of  the  law  or  other  document 
authorizing  the  works,  a  special  declaration  by  the  Ministry 
or  Governor  is  not  necessary. 

The  declaration  of  public  utility  has  to  be  notified  by 
the  "  Official  Gazette "  of  the  province  concerned,  and 
by  communications  addressed  to  the  authorities  of  the 
localities  in  which  property  has  to  be  acquired. 

The  company  or  person  authorized  to  carry  out  the 
work  has  to  deposit  plans,  etc.,  of  the  properties  affected, 
showing  how  much  of  each  is  necessary  for  the  works, 
with  the  Governor  of  the  province,  which  plans  are  then 
sent  to  the  local  authorities  for  checking  as  to  the  names 
of  proprietors,  etc. 

After  this  checking  the  Governor  announces  through  the 
"  Official  Gazette  ''  a  period  within  which  all  persons  inter- 
ested may  make  representations  against  the  expropriation 
proposals.  After  consideration  of  these  and  consulting  the 
Provisional  Council,  the  Governor  decides  in  each  case 
whether  the  expropriation  is  necessary  for  the  intended 
works,  and  may  reduce  the  area  of  any  parcel  of  propertj'. 

The  land,  etc.,  to  be  expropriated  is  measured  conjointly 
by  representatives  of  the  owner  and  the  part}  authorized 
to  carry  out  the  work.  This  agreed  measurement  is  the 
basis  of  the  valuation. 

The  two  parties  then  have  to  try  to  come  to  an  agree- 
ment on  the  price  to   be  paid.     The  process  is  that  the 
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auti:' M/..II  undertaker  forwards  through  the  Provincial 
(rovcrnor  his  offer  to  each  of  tite  owners,  who  have 
cither  to  accept  it  unconditionally  or  to  refuse  it  within 
15  days.  If  accepted  the  undertaker  may  at  once  pay 
the  price  and  til  -ion  of  the  properly. 

If  the  owner  rii  iter  he  has  to  present  his  own 

cipcrt's  v.iluation  of  the  property  to  be  acquired.  The 
undertaker  then  has  to  nominate  an  expert  who  has  to 
make  an  independent  valuation  and  send  it  to  the 
Governor.  If  cither  of  these  valuations  agrees  with  the 
original  offer  of  the  undei  taker,  this  price  is  taken  and 
reckoned  as  the  agreed  price. 

In  the  case  of  disagreement,  the  Judge  of  the  district  is 
then  required  to  nomitiate  a  tliird  expert,  whose  valuation 
is  final.  It  is  provided  that  this  linal  valuation  must  lie 
between  those  of  the  experts  acting  for  the  undertaker 
and  the  owner. 

It  is  also  provided  that  the  owner  shall  receive  3  per 
cent  above  the  just  price  for  expropriation. 

Strictly,  the  final  determination  of  the  price  to  be  paid 
to  each  owner  is  fixed  by  the  Governor,  after  consulting 
the  Provincial  Council.  The  limit  of  his  discretion  in  this 
nutter  is  that  the  price  shall  be  between  the  valuations 
of  the  buyer's  and  seller's  ex|KTts.  His  decision  is,  how- 
ever, subject   to  appeal  to  the    Ministry  concerned,  and 


appeal  may  also  be  made  to  the  Courts  on  the  ground 
of  alleged  inform.ility  in  the  procedure,  or  on  the  ground 
of  unfair  valuation  amounting  to  at  least  onc-sixth  part 
of  the  true  value  alleged   by  the  owner. 

The  valuation  procedure  in  the  case  of  disagreement 
m.iy  therefore  be  said  to  he  effected  by  two  experts  and 
a  single  arbitrator,  also  an  expert,  but  with  some  power 
of  revision  liy  the  Governor.  Also  all  the  proceedings 
take  pK^ce  under  the  jurisdiction  of  the  Governor  pre- 
sumably as  a  safeguard  that  all  the  formalities  arc  observed. 
These  formalities  include  time  limits  for  the  action  of 
each  partv  at  e.ich  stage.  The  Arbitrator,  for  example, 
has  to  give  liis  decision  within  30  days  of  tlie  submission. 

The  payment  of  the  compensation  has  to  be  made 
through  the  local  authority  at  a  given  day  and  hour, 
properly  advertised. 

It  will  be  noted  that  under  the  electric  line  waylcavc 
law,  the  maximum  amount  of  land  to  be  taken  and  paid 
for  for  waylcave  purposes  is  defined  as  a  width  of  two 
metres,  which  includes  the  wayleavc  for  maintenance,  etc. 
Annual  rent  payments  do  not  seem  to  be  contemplated 
in  the  expropriation  law. 

There  is  no  definition  of  "just  price"  in  the  available 
statement  of  the  law.  This  is  probably  defined  in  the 
Spanish  Civil  Code. 


DiSCrSSION    BEFORE   THE    INSTITUTION,    12    .Al'KlL,    I917. 


Mr.  C.  H.  WoKDiNGHAM  :  The  paper  appe.irs  to  be  very 
fair.  It  is  clearly  essential  to  the  success  of  large  power 
undertakings  that  their  overhead  mains,  and  also  their 
underground  mains,  should  be  taken  by  the  ino.st  direct 
routes  possible.  It  is  also  of  prime  importance  that  no 
existing  rights  should  be  unduly  interfered  with,  whether 
those  rights  l>e  the  rights  of  local  .luthoritics,  who  arc  the 
stewards  of  private  individual  collectively  constituting  the 
public,  or  whether  they  be  those  of  private  individuals  who 
have  invested  their  capital  or  inherited  properly  which 
they  wish  to  put  to  other  uses  than  the  accommodation  of 
mains.  The  outstanding  feature  of  this  question  is,  I  think, 
that  any  action  taken  should  be  solely  directed  towards 
conserving  those  rights.  I'nfortunately,  in  many  instances, 
a>  III  by  the  author  and  as  is  common 

kr  which   have  been  afforded  to  in- 

di  (.uliln.  .luthorilies  have  been  employed  in  the 

m'  ,         r  manner  to  obtain  adv.int.igcs  to  which  thev 

have  no  title  and  which  could  not  have  been  contemplated 
when  power*  were  given  by  Parliament  for  conserving 
their  ju^t  rights.     It  is  clear,  therefore,  that   the  course 


■  the  author  is  the  correct  one,  namely,  that 
be  an  appeal  to  v>me  competent  tribunal  by 
!  by  a  supply  undertaking  Wishing  to  lay 
■iippiv  .iiilhrrilv   should   be   heard,  and 
T  private  individual 
I  Imtild  be  adjudicilcd 

which,  as  indicated  in  the  paper, 
,  .  "(  pel  son»  having  judicial  functions, 
accutlomcd  to  weighing  evidence  and  giving  decisions 
IhcTcon,  aided  by  expert  advisers  whose  only  object  is  to 
guide  them  correctly  in  the  matter,  that  is  to  say,  not  cm- 
plo>'cd  to  make  »%  good  a  case  a»  they  can  for  one  side  or 


pr 

ll> 


upon    I 
would 


the  other,  but  to  advise  on  the  technical  points  involved  Mr.  Wo 
those  who  are  giving  the  decision.  ingiiam 

Colonel  A.  M.  Ooilvie  :  This  paper  comes  at  an  oppor-  c„i„„ci 
tune  time,  because  it  calls  attention  to  what  is  certainly  "mi^'c 
a  crying  evil  in  the  electrical  industry,  and  one  which 
requires  more  than  ever  to  be  remedied  in  view  of  the 
large  development  of  the  industry  which  must  follow  the 
War.  I  believe  that  when  the  time  conies  for  legislation, 
P.vllamcnt  and  the  public  will  be  found  to  be  much  more 
conciliatory  and  reasonable  than  at  any  previous  time 
t>cforc  the  War.  I  say  th.it  because  I'.irliamcnt  last  year 
for  the  first  time  granted  the  Post  Ofiice  w.iylcaves  over 
private  property,  and  the  fairly  comprehensive  Bill  which 
we  presented  passed  without  unreasonable  opposition. 
The  author  in  dealing  with  the  question  of  w.iylcaves 
over  priv.-ite  property,  which  for  power  lines  are  probably 
more  Important  than  wayleavcs  on  highways,  refers  to 
what  he  calls  the  satisfactory  statutory  powers  which  arc 
obtainable  bv  power  enterprises  under  the  Klectric  Light- 
ing Act.  1  myself  should  not  regard  those  pf^wcrs  .is 
satisfactory,  for,  as  the  author  shows,  in  some  respects 
the  undertaking  which  has  statutory  powers  is  in  a  worse 
posilion  than  .1  private  enterprise  or  person  without  statu- 
tory powers.  Such  a  person  is  in  an  ei|u.illy  goo<l  position 
to  obtain  wayleavcs  over  private  properly  as  the  company 
with  statutory  powers,  since  both  have  to  depend  entirely 
on  negollalion  with  the  owner  of  the  properly  ;  but  when 
it  comes  to  carrying  a  hnc  .icross  a  road,  so  lung  as  he 
docs  not  inlecfcre  with  the  use  of  the  road  as  a  road,  the 
private  person  is  not  rcstrlcteil  in  regard  to  suspending 
wires  over  the  roadway,  whereas  the  l>ody  with  statutory 
powerk  cannot  suspend  its  wires  over  the  ro.idway,  even 
without  an  attachment,  unless  It  obl.iins  the  consent  of  the 
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local  authority,  which  may  impose  unreasonable  condi- 
tions against  which  there  is,  apparently,  no  appeal.  From 
the  Post  Office  point  of  view  wayleaves  on  roads  are  more 
important  than  wayleaves  on  private  property,  because 
for  many  reasons  it  is  on  the  whole  better  to  put  telegraph 
and  telephone  lines  along  public  roads.  Therefore  we 
attach  great  importance  to  such  wayleaves,  and  we  have 
suffered  in  the  past,  and  still  do  suffer,  great  inconvenience 
and  loss  from  the  difficulties  which  we  e.xperience  in  dealing 
with  public  authorities.  This  country  has  a  very  large 
number  of  different  local  authorities  who  are  road  authori- 
ties, all  of  whom  have  to  be  consulted,  and  who  are  guided 
by  advisers  with  very  varying  knowledge  of  the  law,  and 
very  varying  ideas  of  the  reasons  for  which  Parliament  has 
required  their  consent  to  be  obtained,  and  of  their  reason- 
able rights  in  fixing  conditions.  These  difficulties  apply 
equally  to  undertakers  who  require  to  run  power  wires 
along  roads,  and  I  should  certainly  say  that  there  is  a 
strong  case  for  legislation  in  that  respect,  as  well  as  for 
legislation  with  regard  to  powers  over  private  property. 
With  regard  to  the  proposal  for  legislation  for  powers 
over  private  property,  I  do  not  think  there  can  be  any 
two  opinions  as  to  the  reasonableness  of  the  claim  put 
forward  by  the  author.  It  is  certainly  a  necessity  of  the 
future  that  we  should  have  some  organization  which  can 
determine  the  conditions  on  which  statutory  rights  over 
private  property  can  be  exercised.  In  conclusion,  I  should 
like  to  make  one  suggestion,  namely,  that  at  all  costs  it 
would  be  better  to  avoid  any  system  which  would  put  the 
determination  of  the  conditions  in  the  hands  of  individual 
arbitrators  appointed  from  time  to  time  and  assisted  by 
expert  surveyors,  or  assistants  who  might  be  expert  in 
property  valuations,  but  who,  like  the  arbitrators,  would 
generally  be  unfamiliar  with  the  particular  conditions 
applying  to  cases  of  this  kind.  Our  experience  in  the 
Post  Office  is  that  individual  arbitrators  as  well  as 
stipendiary  magistrates  and  county  court  judges,  al- 
though they  give  very  careful  consideration  to  the 
evidence  put  before  them,  varj'  extremely  in  their  point 
of  view,  and  as  a  consequence  we  are  sometimes  sub- 
jected to  eccentric  and  difficult  decisions.  The  Post 
Office  have  fortunately  a  right  of  appeal  to  the  Railway 
Commissioners  ;  and  certainly  from  our  own  experience 
we  should  alwaj-s  prefer  to  deal  with  a  regularly  con- 
stituted judicial  body  of  that  nature,  which  has  an  accu- 
mulated and  comprehensive  knowledge  of  the  conditions, 
circumstances,  and  considerations  to  be  taken  into  account 
in  dealing  with  wayleave  applications. 

Mr.  \V.  B.  WooDHousE  :  The  author  has  put  on  record 
'  not  merely  what  we  desire  for  the  future,  but  also  the 
history  of  the  past.  The  history  of  the  past  is  not  a  happy 
one.  The  legislation  affecting  supply  is  quite  antiquated 
and  does  not  give  us  the  freedom  that  we  feel  we  should 
have,  but,  to  get  it  altered,  we  must  make  out  a  very  strong 
case  for  the  future  needs.  The  author  gives  a  number  of 
reasons  why  we  should  be  permitted  to  obtain  compulsory 
wayleaves,  and  I  think  I  might  add  one  or  two  other 
reasons.  In  the  first  place,  in  very  many  districts  under- 
ground cables  are  unsafe  to  use  because  the  districts  are 
undermined  and  there  is  frequently  a  heavy  subsidence  ; 
in  such  districts  a  case  can  be  made  out  for  overhead 
lines  solely  on  the  grounds  of  security  of  supply.  Next 
we  shall   have  to  consider  the  use  of   very  much  higher 


pressures  than  those  at  present  in  vogue,  and,  accompany- 
ing those  high   pressures,  the  transmission  of  very  large 
amounts  of    power   by  parallel   routes   for  some  distance 
from  the  power  stations.     The  power  needs  of  the  agri- 
cultural districts  of  the  country  can  be  supplied  by  over- 
head lines,  in  fact  it  is  practically  the  only  way  in  which 
one  can  attempt  to  deal  with  that  demand.     Then  there 
is  the  very  important  question  of  railway  electrification. 
If  that  is  to  be  done  on  a  general  scale  we  shall  need  still 
further  wayleaves,  and  unless  we  can  be  sure  of  obtaining 
all  these  wayleaves  on  reasonable  terms  and  with  a  reason- 
able security  of  tenure  the  development  of  power  supply 
will  suffer.    The  most  valuable  precedent  of  the  Post  Office 
Act  of  last  year  must  not,  I  think,  be  lost  sight  of.    It  is  not 
claiming  too  much  to  say  that  the  national  needs  for  elec- 
trical power  are  as  great  as  the  national  needs  for  the  tele- 
phone and  the  telegraph  service.     Dealing  with  the  history 
of  the  subject,  I  should  like  the  author  to  add  to  the  refer- 
ences which  he  has  given,  a  reference  to  the  report  of  the 
Joint  Committee  of  the  two  Houses  of  Parliament  which 
sat  under  the  presidency  of  Lord  Cross  in  1898.     In  that 
Report  reference  is  made  to  the  necessity  for  increased 
facilities  for  wayleaves,  not  only  for  wires  and  cables,  but 
for  pipes,  etc.,  in  connection  with  power  stations.     It  was 
a  very  important   recommendation,  but  unfortunately   it 
has   not  been   acted  on.     The  Council  of  the   Institution 
in  1902  also  made  some  valuable  recommendations  which 
deserve  fuller  notice  (Resolutions  of   the    Committee    on 
Electrical  Legislation  1902).     In  one  portion  of  the  paper, 
in  dealing  with  the  consents  of  local  authorities,  the  author 
rather  suggests   that  we  should   distinguish    between  the 
district  of  a  county  borough  and  that  of  an  urban  district 
council.     I  do  not  think  that  is  wise,  or  a  reasonable  dis- 
tinction.   The  constitution  of  the  local  authority  has  nothing 
to  do  with  the  nature  of  the  country  over  which  one  may 
want  to  lake  overhead  lines.     I  know  of  several  cases  of 
high-pressure  overhead  lines  in  county  boroughs,  but  they 
are  just  as  much  in  the  country  as  if  they  were  in  the  area 
of  a  parish  council.    The  suitability  of  the  district  for  over- 
head  lines   should    undoubtedly  be  determined    b\'  some 
tribunal  sifting  locall)',  which  could  go  and   inspect   the 
land  and  see  what  it  was  like.     In  dealing  with  wayleaves, 
the  author  has  mentioned  several  interesting  cases  of  diffi- 
culties that  have  been  met  with.     It  is  good  to  have  those 
difficulties  put  on  record.     One  difficulty  that  I  have  met 
with,  which  I  do  not  think  the  author  has  mentioned,  is 
that  of  dealing  with  wa}'leaves  on  land  coming  under  the 
Settled  Lands  Act,  by  the  provisions  of  which,  apparently, 
it  is  impossible  to  grant  a  wayleave  for  a  longer  period 
than  21   years.     I   think  if  legislation  is  to  be  framed  to 
give   us  fuller  powers  that  point  might  be  dealt  with,  as 
length   of   tenure   is   most   important.     Again,  in    dealing 
with  lands  which  are  in  the  hands  of  trusts  or  executors, 
much  legal  work  and  an  appeal  to  the  Courts  is  frequently 
involved.     I  know  of  one  case  in  which  the  legal  expenses 
to  obtain  a  wayleave  from  a  trust  for  about  two  miles  of 
mains  amounted  to  very  nearly  Xioo.     That  is  a  heavy  tax 
on  an  overhead  line.     Legal  expenses  generally  are  heavy. 
Naturally  the  company  which  wants  to  get  the  wayleave 
has  to  pay  the  legal  expenses,  and  quite  a  business  has 
grown  up  among  certain  persons  of  seeing  how  much  they 
can  get  out  of   the  public  supply  authority  in  that  way. 
The  terms  which  local  authorities  desire  to  impose  when 


31 P 


VEKNIEK:    WAYLEAVES  :    DISCUSSION. 


V...I.  ■i-i-'.  f.»r  consent  to  the  erection  of  overhead  lines 
arc    -  nio>t    unreasonable.     There    should    be 

-.  I.  ■   !•>   .1  local  authority.     I    remember  a  few  years 
!i  the  case  of  a    10,000-volt   line  ^oing  tlirough  an 
mcil  required  that  the  wires  Ihrough- 
cd  with  insulation.     This  subject  has 
i  liiktitulion  on  several  previous  occasions, 

::•.!;  it  IS  betraying  confidence  lo  say  that  it 
:i  amount  of  consideration,  not  only  by 
1       .  l>y  other  bodies  who  are  very  closely 

a£Fccted.  The  supply  autlioritics,  both  municipal  and  com- 
pany, have  felt  very  keenly  about  the  subject,  and  a  great 
deal  of  work  has  been  done  by  them.  I  know  the  matter 
I        '  1  iitly   brought    before  a  (;overnnient  Com- 

,  with  electrical  m-ittcrs,  and  I  trust  it  will 
i>.<.t:.vt.  ti,c  attention  of  the  Board  ol  Trade  Committee 
that  is  ixow  sitting.  I  feel  that  it  will  help  matters  for- 
^11  we  can  say  with  one  voice  from  the  Institution 
:  >  wesupptort  in  principle  all  the  recommendations  which 
the  author  has  m.tde,  though  of  course  the  details  may 
want  considering  a  little  more  fully. 

Mr.  D.  A.  Stakk  :  I  ani  pleased  to  say  that  in  Scotland, 
and  particularly  in  the  area  worked  by  the  undertaking 
with  which  1  am  connected,  there  are  not  so  many 
obstacles  put  in  our  way  as  instanced  in  the  paper.  The 
ni'i^t  hirmonious  relations  exist  M  present  between  the 
-•  and  the  local  authorities,  who  arc  really 
■  >  councils,  composed  mostly  of  rcaionable  busi- 
ness men  and  advised  by  level-headed  road  surveyors. 
We  have  many  miles  of  overhead  transmission,  all  of 
which  is  on  private  ground.  The  work  of  negotiating 
V      '  ha>    now    assumed    such    dimensions    that    a 

partmcnt,  under  the  guidance  of  a  skilled  land 
vai-i.ilu: .  Iia>  been  created  to  deal  with  it.  This  dejiart- 
ment  iie^^otiatcs  all  waylcaves  .ind  adjusts  contingent 
cl.iim^  relative  thereto.  Referring  to  that  p.art  ol  the 
pa[H.T  under  the  head  of  "  Consents,"  as  already  stated 
we  have  very  httle  trouble  now  with  the  local  authorities. 
The  lioard  of  Trade  deals  with  these  matters  in  a  pro- 
gressive and  public-spirited  manner,  and  the  regulations 
imposed  arc  not  onerous.  So  long  as  we  conform  to  their 
Model  Regulations  we  are  assure-d  o(  their  consent,  and  in 
■  ^  we  h.i-.  led  with  the  work  Ix-fore  rc- 

•  form.l1  if  the  Hoard  of  Trade.     We 

as'rating  fully  to  the  satisfac- 
::i  it  overhead  crossings  arc  not 
if  constructed  m  accordance  with  U.o.T.  Model 
1^,  and  they  generally  advise  the  county  councils 
<v.     In   I'art  2  of  the  paper  under  the  heading  of 
\>.iv]t.ivci  "  the  author  deals  almost  entirely  with  way- 
leaves  rc<)uircd  over  a;;ricultural  and   open    uncultivated 
not  refer   In  the  question   of    private 
general  public)  and  public  id.tdways 
I   rauA-avs.     I  think  this  is  almost  as  impor- 
The  imposition  of  casement  rents  in  the 
lys  open  to  the  general  public  seems  lo  be 
t    (n't    to  merit   prompt  redress,   and   the 
'V   lo  open  Mich  ro;ids  by  the   under- 
^lrd  in  the  local  authoiilies  as  in 
I  without  payment.     I   would  also 
i<  h  we  have  with  the  lallway 
'     vciv  satisiaclorily.     It  i>  Ire- 
tjucittly  «lt«iiUKcou«  tu  lay  a  cable  acroM  or  under  an 


existing  railway,  and  the  railway  companies  in  Scotland  Mr.  sivr 
cither  fix  a  nominal  annual  rental,  in  order  to  preserve 
their  rights,  or  in  many  cases  ch.irjje  a  rental  at  a  given 
rate  per  mile,  and  a  rate  per  i.oiK)  units  passed  over  the 
cable  per  mile  per  annum.  All  waylcaves  over  private 
property  have  naturallv  to  be  paid  for,  but  the  annual 
rental  demanded  by  some  landowners  is  simply  extortion. 
Fortunately,  we  have  had  very  few  examples  of  this  in 
Scotland.  We  have,  however,'  h.id  to  alter  routes  on 
several  occasions.  L'nder  the  wayleave  department  which 
we  have  organized,  the  work  of  arranging  waylc^tvcs  has 
been  reduced  to  an  established  routine.  First  a  plan  is 
prep;ired  showing  the  entire  line  of  route  with  the  boun- 
daries or  the  particul.ir  estate  indicated  and  all  pole  posi- 
tions given.  This  is  forwarded  to  the  estate  .igenl  with  a 
letter  ol  application  containing  a  brief  account  of  the 
work,  the  objective  of  the  line,  and  all  information 
requisite  to  enable  the  landowner  to  form  an  opinion  as' 
to  the  importance  and  local  advantage  of  the  work.  Model 
conditions  and  rates  are  as  follows: — (1)  For  overhead 
work  IS.  per  pole  standard  per  annum.  (2)  Cables  laid 
solid  id.  per  lineal  yard  per  annum.  (3)  Obligation  to 
remove  cables  on  receiving  (>  months'  notice  in  writing. 
\4)  To  free  and  relieve  the  proprietor  of  the  lands  in  ques- 
tion and  his  tenants  of  all  liability  for  any  loss  or  injury  he 
or  they  m.iy  sustain  by  reason  of  the  presence  of  the  said 
overhead  line  or  cables,  or  by  the  laying,  maintaining,  or 
removal  thereof.  (51  To  settle  all  reasonable  claims  for 
surface  damages  sustained  by  the  tenants  in  consequence 
of  the  erection  and  maintenance  of  said  poles  or  the  laying 
of  such  cables.  The  plan  is  ultimately  embodied  with  a 
minute  of  agreement  between  the  parties.  At  the  same 
time  negotiations  are  opened  with  the  agricultural  tenants, 
and  their  consent  and  possibly  active  support  enlisted. 
Some  of  the  most  progressive  farmers  welcome  these  lines 
as  offering  the  prospect  of  power  supply,  and  in  many 
cases  this  is  provided  at  a  nominal  charge  and  sometimes 
as  a  set-off  against  surface-damage  claims.  The  farmers' 
supphes  are  given  from  pole  transformers  and  in  every 
case  have  proved  mutually  successful.  The  rental  under 
the  tenants  lease  from  the  landowner  is  on  an  aver- 
age about  40s.  per  acre  per  annum.  Assuming  that  a 
standard  "  A "  pole  occupies  a  space  of  2  square  yards, 
then  a  payment  of  is.  per  pole  standard  to  the  ground 
superior  is  equivalent  to  a  payment  of  it  20  per  acre.  The 
figure  of  id.  per  lineal  yard  for  underground  cables  (which 
are  no  detriment  to  the  land  once  they  are  laidi  gives  the 
proprietor  a  much  better  return,  and  on  the  same  basis 
should  not  exceed  o-i.sd.  per  yard.  The  compensation  to 
the  tenant  varies  and  der>ends  entirely  upon  the  actual 
damage  sustained  by  the  tenant.  First  we  ascertain 
the  actual  damage  due  to  the  construclion  of  the  line, 
and  this  is  paid  at  once,  then  an  annual  payment  is  made 
in  accordance  with  the  damage  actually  done  in  maintain- 
ing and  patrolling  of  the  line'".  This  may  varv  from  year 
lo  year,  depending  upon  how  much  work  is  ncocNsilatcd.  I 
have  referred  to  the  methods  adopted  by  my  concern,  as  I 
understand  that  we  arc  in  a  much  belter  position  than 
some  of  our  colleagues  in  the  South.  The  three  examples 
given  in  the  paper  showing  the  dilTicullics  of  arranging 
consents  offer,  in  mv  opinion,  the  strongest  evidence  that 
remedial  measure^  should  l>c  taken  at  once,  and  I  agree 
that  It   IS  essential  that   a  right  of  appeal  lo  the  Hoard  of 
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.  Starr.  Trade  should  be  allowed  in  ail  cases.  Questions  regarding 
amenities  by  either  landowners  or  tenants  should  be  left  to 
independent  arbiters.  Some  such  arrangement  as  is  made 
in  certain  States  of  the  United  States  should  certainly  be 
put  in  operation  in  this  country.  In  Canada,  and  particu- 
larly in  the  province  of  Ontario,  land  can  be  e.^propriated 
by  a  public  utilit}'  company,  and  the  compensation  if  not 
mutually  arranged  is  adjusted  by  arbitration.  The  fact  of 
such  legislation  being  in  force,  however,  has  a  beneticial 
effect  on  any  such  negotiations,  and  in  many  cases  arbitra- 
tion is  unnecessary.  I  think  it  is  very  important  that 
prompt  action  should  be  taken  in  this  matter,  and  I  hope  , 
that  the  proper  machinery  will  be  put  in  operation  at  the 
earliest  possible  date  for  bringing  this  matter  to  the  atten- 
tion of  the  powers  that  be.  In  the  proposed  Supply  of 
Electricity  Bill  the  subject  of  wayleaves  as  covered  by 
several  sections  is  fairly  fully  dealt  with,  and  should  this 
Bill  become  law,  a  great  man)'  of  the  present  difficulties 
should  disappear. 

.  Stubbs  Mr.  A.  J.  Stubbs  :  As  regards  legislation,  although  the 
Post  Office  engineer  would  watch  the  Postmaster-General's 
rights  in  connection  with  any  legislation  proposed  in 
behalf  of  the  power  authorities,  the  Post  Office  engineer 
and  the  power  engineer  are  brothers-in-arms  in  this 
matter,  and  should  be  in  a  position  to  help  each  other,  j 
Although  the  Post  Office  now  is  not  in  an  ideal  position,  it 
is  in  a  better  position  than  the  power  engineer.  I  there- 
fore suggest  that  legislation  might  advantageously  take  the 
form  of  a  short  Bill  conferring  upon  power  engineers  the 
wayleave  privileges  of  the  Telegraph  Acts  in  regard  to 
private  property.  The  arguments  might  be  of  this 
character  :— (i)  The  privileges  of  the  Post  Office  have  not 
proved  oppressive  to  private  owners  ;  (2)  they  have  proved 
distinctly  advantageous  to  the  community ;  (3)  it  would 
be  an  appreciable  convenience  if  all  electricity  under- 
takings had  practicall}-  the  same  legal  status  and  the  same 
procedure ;  (4)  further  legislation  for  either  authority 
could  be  definitely  extended  to  or  withheld  from  the 
other.  This  would  carry  with  it  appeal  to  the  Railway 
Commission,  whereas  the  author  assumes  that  the  appeal 
of  the  power  engineer  would  be  to  the  Board  of  Trade. 
The  position  of  the  Board  of  Trade,  however,  in  regard 
to  power  undertakings  is  something  hke  that  of  the 
Engineering  Headquarters  of  the  Post  Office  in  regard 
to  telegraphs  ;  that  is,  the  Board  originates  or  controls 
the  general  arrangements  of  the  system  ;  and  it  would  be 
somewhat  undesirable  to  make  it  also  a  court  of  appeal. 
On  the  other  hand,  if  the  procedure  for  power  under- 
takings were  assimilated  to  that  for  telegraphs,  the  Board 
of  Trade  would  give  moral  support  to  the  power  under- 
taker ;  or,  as  a  last  resource,  could  agree  to  and  even 
support  an  appeal  before  the  Railway  Commission.  The 
individual  power  undertaker  would  thus  have  the  advantage 
of  the  advice  of  an  authority  with  a  wide  experience  of 
the  business. 

Mr.  T.  C.  WiGHAM  :  The  iirst  point  that  occurs  to  me 

gham.        .  '  ^ 

IS  :  why  should  cither  the  local  authority  or  the  Board  of 
Trade  have  the  right  to  forbid  statutory  undertakings  to 
put  their  lines  overhead  since  they  cannot  forbid  the 
private  ownur  to  do  so  ?  The  original  reason  is  a  matter 
of  history  and  these  restrictions  ought  now  to  be  entirelj' 
removed.  The  most  important  question  in  connection 
with  wayleaves  arises  under  two  heads  :  first,  the  decision    1 


whether  it  is  reasonable  and  proper  that  a  certain  line  Mr 
should  be  run  ;  and  secondly,  the  compensation  that 
ought  to  be  paid  to  the  private  owner  whose  property  is 
being  appropriated  for  the  purpose.  Those  two  points 
ought  to  be  kept  distinct.  The  first  is  a  technical  point 
dealing  with  the  development  of  electricity  supply  under- 
takings and  requires  consideration  by  technical  men. 
The  second  point  is  one  that  interferes  with  the  liberty 
of  the  subject,  and  therefore  comes  in  quite  a  different 
category.  Various  suggestions  have  been  made  for  dealing 
with  the  matter.  Mr.  Stubbs  suggests  that  power  engineers 
should  have  the  same  rights  that  the  Post  Office  possess. 
I  am  sure  we  should  be  very  pleased  to  have  them,  but  I 
do  not  think  there  is  much  chance  of  Parliament  giving 
power  engineers  what  they  have  given  the  Post  Office — 
the  right  to  run  a  power  line  on  any  selected  route.  The 
author  has  given  some  very  useful  and  interesting  infor- 
mation by  gathering  together  the  various  regulations  in 
force  in  foreign  countries,  and  the  various  suggestions 
that  have  been  made  for  dealing  with  the  question  in 
this  country.  He  first  deals  with  the  Land  Enquiry 
Committee's  report,  where  they  recommend  that  a  Govern- 
ment Department  shall  say  that  the  scheme  should  be 
carried  out,  but  that  a  judicial  body  with  judicial  functions 
should  be  employed  for  the  purpose  of  assessing  the 
compensations  to  be  paid.  The  author's  suggestion  at 
the  end  of  the  paper  is  to  put  both  of  these  powers  in  the 
hands  of  the  Board  of  Trade  :  the  executive  power  and  also 
the  decision  in  regard  to  compensation  which  is  to  be  made 
by  a  single  arbitrator  appointed  by  the  Board  of  Trade. 
In  the  draft  Supply  of  Electricity  Bill,  which  was  prepared 
during  the  past  12  months  by  the  Incorporated  Associa- 
tion of  Electric  Power  Companies  and  the  Incorporated 
Municipal  Electrical  Association,  the  two  questions  of  the 
withholding  of  consents  and  the  granting  of  wayleaves 
have  been  very  carefully  gone  into,  details  being  given  as 
to  the  regulations  which  would  be  employed  and  so  forth. 
In  this  case,  again,  the  power  of  deciding  whether  the  lines 
should  be  run  was  given  to  the  Board  of  Trade,  who  were 
also  to  appoint  the  arbitrator  to  deal  with  the  matter  of 
compensation.  One  useful  point  which  is  made  in  the 
draft  Bill  is  that  all  questions  connected  with  compensation 
should  be  determined  by  the  same  arbitrator  sitting  con- 
tinuously, because  it  is  only  the  man  who  is  continually 
dealing  with  questions  of  wayleaves  who  can  be  expected 
to  be  able  to  form  a  fair  judgment  as  to  the  compensation 
which  should  be  paid  ;  otherwise  we  should  have  com- 
pensation granted  at  the  rate  of  £1  a  pole  in  one  district 
and  IS.  a  pole  in  another.  Many  of  us  at  present  have  to 
pay  rent  within  those  wide  limits.  Finally,  it  has  recently 
been  suggested  that  a  judicial  Electricity  Commission, 
something  on  the  lines  of  the  Railway  Commission  or 
the  proposed  Judicial  Land  Committee  referred  to  in  the 
paper,  should  be  established,  and  here  I  think  we  have 
tlie  idea  of  a  judicial  body  of  the  right  kind  to  decide 
judicial  points  when  dealing  with  such  questions.  The 
point  I  wish  to  make  is  that  a  technical  body  should 
decide  the  technical  questions  as  to  where  the  line  is  to 
be  run  ;  but  when  it  comes  to  the  question  of  compen- 
sation and  a  decision  as  to  the  disturbance  of  private 
property  or  the  overriding  of  private  rights,  it  should  be 
a  matter  for  a  judicial  body  and  not  for  an  arbitrator 
appointed  by  a  Government  department. 
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K.  T.  Williams  :  I  think  that  electrical  engineers 
-.illv  do  not  take  a  broad  enough  view  of  this  subject. 
It  electricity  supply  in  this  country  could  only  be 
developed  more  rapidly  manufacturers  would  reap  a 
benefit  which  I  think  at  present  they  hardly  realize  ; 
and  if  they  could  only  get  a  big  demand  for  ilumc  trade, 
the%'  would  be  placed  in  a  very  much  better  position  for 
dealing  with  foreign  trade  in  competition  with  other 
cojiilrics.  The  author  states  on  paj;e  329  that  he  thinks 
the  lime  has  come  to  conmicr  seriously  whether  the 
important  services  which  public  suppliers  of  electrical 
power  afford  do  not  call  for  prompt  legislative  assistance. 
1  submit  that  the  time  has  come  to  act.  Then  he  says  that 
we  have  every  reason  to  expat  that  the  electrical  scrN'iccs 
will  be  dealt  with.  I  feel  that,  in  the  interests  of  the 
country,  we  have  every  reason  to  demand  that  the  subject 
of  electricity  supply  shall  receive  the  consideration  due  to 
it.  It  has  been  a  surprise  to  inc  to  notice  how  absolutely 
unreasonable  authorities  can  be  in  williliolding  permission 
for  wayleaves.  A  member  has  supplied  me  with  a  state- 
ment of  actual  cases  of  difhculties  in  getting  wayleaves. 
In  one  column  showing  the  great  discrepancy  in  the 
charges  demanded  for  these  rights,  I  find  that  the  rates  paid 
per  acre  varj'  in  the  following  manner  :  ^"4,290  ;  ^.^1,165 
per  annum  ;  ^^117  p.a.  ;  ;£ti8  p.a. ;  £qo  p.a.  ;  £^  17s.  p.a.  ; 
£.^i)0  p.a. ;  £«oo  ;  jf  130  p.a.  :  £yi  p.a.  ;  £i)^o  ;  ;f  130  p.a.  ; 
and  last,  but  not  least,  ;^26,ooo.  I  think  this  shows  that 
there  is  something  radically  wrong  somewhere.  It  is  not 
so  important  in  connection  with  the  past,  but  it  is  of  vital 
imporLincc  for  the  future  if  the  electricity  supply  of  the 
country  is  to  be  developed.  We  must  get  these  questions 
settled  that  are  stopping  its  progress.  I  believe  tliat  the 
Defence  of  the  Realm  Act  has  even  had  to  be  resorted  to 
in  order  to  obtain  wayleaves  for  a  supply  to  munition 
works.  This  proves  that  some  powers  are  required 
different  from  those  which  at  present  exist.  In  the  third 
p.iragraph  of  the  right-hand  column  on  page  331  I  suggest 
tlial  the  words  "or  Klectricity  Hoard"  be  inserted  after 
the  words  "  lioard  of  Trade."  Reference  is  made  on 
page  332  to  parks  and  commons.  If  we  get  these  powers 
(or  overhead  lines  it  is  imperative  that  we  should  consider 
the  neighbourhood,  and  that  we  should  do  nothing  what- 
ever to  disfigure  it.  Provided  we  act  reasonably  in  using 
the«c  powers  I  do  not  think  we  shall  have  any  opposi- 
tion. Several  speakers  have  referred  to  a  point  raised  on 
I  '  lion  with  which   I  think  we  have  an 

I   suggest  tliat  paragr.iph  (/>)  at  the 
InmIoii)  oI    lliat   page  should    be    modified   to  re.id  "The 
Iio.ird   of    Trade   or   Klectricity  Hoard    is  enipowere<l    to 
authorize  the  laying  down  or  erecting  of  power  lines  on 
piiv..ti   luid."     Seeing  that  the  I'ost  Office  h.is  alre.'idy  got 
I ,   a   small   extension   of    the   Telegraph   (Con- 
"M     Act  of    I9i'>  would    probably  be   passed   very 
Why  cannot  we  gel  the»e  powers  ?     ft  is  because 
I'-en  working  in  anything  but  a  com- 
i  '.'T    the    proposed    Klectricity    Hoard 

•  v  acts  under  I  he  Ho.ird  of  Trade 
III  Deparlment  is  not  important, 
!anl  that  electricity  supply  shall  be  rcpre- 
■ntrelc  form  by  a  recognized  public  or 
■ly.  The  rccommendationt  of  the  Land 
iitlec  referred  to  on  page  335  are  >o  very 
•    they  are  c|uilc   convincing.     Thit  Com- 


mittee s    report    should    be    referred    to   in   making  anv  Mr. 

.  .       .1  •.■■.•  .       .u    ■"    Willlamv 

representations   to   the   recognized   authorities.      In  their 

report  I   suggest  the  insertion  of  the  words  "  Klectricity 

Bo.ird "   instead  of  the  words  "permanent  tribunal."     If 

such  powers  were  given,  the  vast  m.ijority  of  cases  would 

in   my  opinion  be  settled  by  such  a  Board,  and  only  in 

exception.il  inst.inccs  would  it   be  necessary  to  appeal  to 

a  higher  authority.     I  feel  that  electricity  supply  has  for 

many  years  l>cen  working  against  the  legal  tide,  but  there 

is  much  evidence  that  the  tide  is  turning  or  has  turned, 

and  if  \vc  can  only  get  this  Hoard  appointed  we  shall  be 

carried  on  to  achievements  which  we  do  not  realize  at 

present.      Now  is  the  time.      It  is  no  use  talking  about 

\  "  after  the  War."  Questions  connected  with  agriculture, 
fuel,  and  power  factories  are  in  the  air.  There  will  be 
such  a  vast  amount  of  legislation  after  the  War  that 
Parliament  will  be  unable  to  cope  with  it  all,  whereas  I- 
believe  that  at  the  present  time  we  can  make  rapid 
progress  in  connection  with  what  may  be  called  semi- 
War  questions.  I  would  make  an  earnest  plea  that  we 
should  co-ordinate  all  these  problems  in  such  a  Hoard  as  I 
have  suggested.  Why  deal  in  one  way  with  w.iylcavcs 
and  in  other  way  with  another  subject,  and  so  have 
constant  disputes? 

Mr.  J.  K.  KiNGSUURV:  I  should  like  the  members  to  Mr- 
consider  what  can  be  done  to  accelerate  any  action  that  "  " 
can  be  taken  in  reg.ird  to  this  matter.  The  author  con- 
cludes his  paper  with  propos.ils  which  we  all  recognize  as 
perfectly  sound  and  necessary,  and  the  only  question  is  : 
When  can  such  proposals  be  carried  into  effect  r  Colonel 
Ogilvic  said  that  last  j-ear  the  I'ost  Office  received  certain 
powers.  I  notice  that  a  Parliamentary  Committee  recom- 
mended in  substance  that  those  powers  should  be  granted 
in  1885.  If  it  takes  30  years  for  a  proposal  made  by  a 
Parliamentary  Committee  to  be  carried  into  effect,  how 
long  would  it  take  for  a  proposal  put  forward  by  this 
Institution  to  go  through  Parliament  ?  I  am  sure  that  we 
shall  not  carry  any  measure  through  Parliament  unless  the 
public  is  prepared  to  receive  that  measure  as  a  fair  and 
proper  one.  What  we  are  suffering  from  unquestionably 
in  connection  with  this  question  of  wayleaves  is  the  lack  of 
public  information  and  public  appreciation  of  what  it  means 
if  a  householder  or  landowner  adopts  a  dog-in-the-manger 
policy,  and  either  refuses  to  give  permission  at  all,  or  gives 
permission  only  on  exceptional  and  onerous  terms.  If  the 
author  desires  to  add  to  the  historic  records  in  the  paper 
anything  outside  Acts  of  P.irliament.  I  suggest  that  the 
report  of  the  Committee  which  s.it  in  1XS5  should  receive 
some  attention.  The  drawbacks  of  withholding  consents 
arc  clearly  slated  in  that  report.  Once  the  public  realize 
that  what  they  are  doing  is  standing  in  the  way  of  progress 
when  a  refusal  is  given  to  the  running  of  a  wayleave,  and 
that  something  is  being  withheld  from  the  community,  I 
think  there  will  be  a  gradual  appreciation  of  the  real  facts 
of  the  case,  and  that  thev  will  look  al  it  in  a  different  manner 
from  simply  a  matter  of  pounds,  shillings,  and  pence.  The 
sum  and  substance  of  Ihr  whole  thing,  in  my  experience,  is 
that  the  public  bodv  and  tlu  piivate  iiulividiial  clo  not  sec 
that  in  seeking  to  maintain  their  rights  they  are  doing  a 
serious  injury  to  then  fellows.  Let  them  understand  that 
they  are  doing  that  injury  ;  let  Parliament  understand  it, 
and  then  I  think  something  may  be  done  to  produce  that 

'    (tale  of  mind  and  information  which  will  en.abic  the  pro- 
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F-    ^         posals  tliat  the  author  has  made  to  be  carried  into  effect 

ingsbury.      f_  ,  1  J 

before  30  years  nave  elapsed. 

r.  Sayers.  Mr.  H.  M.  S.WERS  :  The  author  speaks  with  some  doubt 
as  to  the  legal  position  in  Spain.  I  obtained  some  little 
time  ago  copies  of  the  laws  and  regulations  relating  to 
wayleaves  for  electric  lines  in  Spain,  and  I  find  that 
substantially  the  Spanish  law  follows  the  Italian  law. 
Compulsory  wayleaves  created  by  that  law  include  the 
use  of  land  for  the  installation  of  aerial  and  underground 
lines  for  the  transmission  of  electrical  energy,  and  for  the 
continued  maintenance  thereof  on  freehold  terms,  subject 
to  proper  compensation  to  the  owner  of  the  property 
utilized.  The  application  of  these  general  powers  depends 
upon  the  work  being  declared  to  be  of  public  utility,  as  in 
the  Italian  case.  The  determination  of  compensation  is 
by  the  application  of  the  general  law  for  expropriation, 
which  has  been  in  force  in  Spain  for  a  very  long  time, 
particularly  for  irrigation  purposes,  roads,  and  other 
purposes  of  declared  public  utility.  I  do  not  propose  to 
read  a  synopsis  of  those  laws  and  regulations,  but  as  they 
have  some  points  of  difference  from  the  Italian  and  French 
law,  and  as  they  do  not  appear  to  have  been  previously 
published  in  the  Journal,  I  will  send  in  a  translation 
(see  Appendix  8  on  page  343. 

:.  Sparks.  Mr.  C.  P.  Sp.\RKs  :  I  should  like  to  say  a  few  words  first 
of  all  with  regard  to  the  reason  for  a  paper  on  this  subject 
being  read  before  the  Institution.  The  Council  have  taken 
and  are  taking  a  great  interest  in  the  question  of  electricity 
supplj'  :  they  have  appointed  a  committee  to  rep>ort  to 
them  on  electricity  supply,  and  this  paper  has  resulted  as 
part  of  the  work  of  that  committee.  While  it  is  generally 
recognized  that  the  future  of  our  electricity  supply  is 
closely  connected  with  the  erection  of  what  are  known  as 
super  power-stations,  the  question  of  the  outlet  for  those 
stations  is  so  intimately  connected  with  necessary  modifi- 
cations of  legislation  that  it  was  thought  advisable  that  a 
member  fully  competent  to  deal  with  the  matter  should 
lay  the  whole  of  the  history  of  the  subject  before  the 
Institution  in  order  to  secure  the  desired  publicity.  To- 
night the  discussion  has  been  a  very  one-sided  one  ;  there 
has  been  no  criticism  at  all  of  the  proposals  contained  in 
the  paper  ;  on  the  contrary  all  the  speakers  have  been 
in  favour  of  them.  Perhaps  as  President  I  may  be  per- 
mitted to  say,  in  the  way  of  advance  information,  that  the 
Council  to-day,  when  considering  the  award  of  the  annual 
premiums,  selected  this  paper,  although  it  had  not  b>een 
read,  as  one  which  should  be  recognized  as  f>ossessing 
outstanding  merit,  and  they  have  recommended  that  the 
author  be  awarded  the  Paris  Premium.  I  wish  also  to  say 
something  with  regard  to  the  paper  itself,  particularly  on 
one  point  referred  to  by  Colonel  Ogilvie,  namely,  the 
respective  positions  of  a  statutory  and  a  non-statutory 
company.  In  the  present  state  of  the  law  there  is  no 
doubt  that  a  non-statutory  company  is  in  a  stronger  posi- 
tion than  a  statutory  one.  I  remember  in  the  case  of  a 
large  non-statutory  undertaking  w-hich  erected  a  lo-mile 
transmission  main  operating  at  30,000  volts,  which  I 
described  in  a  paper  read  before  the  Institution,  the  ques- 
tion of  negotiating  the  wayleaves  arose,  and  in  that 
instance  we  were  able  to  secure  the  desired  wayleaves 
with  a  minimum  of  trouble.  If  a  non-statutory  company 
desires  to  cross  the  highway  with  its  overhead  mains  the 
local   authority   cannot  refuse   permission,  although   if  it 


desired  to  run  its  mains  along  the  highway  it  would  be  a  Mr.  Sparks, 
matter  of  negotiation.  But  the  local  authority  cannot  pre- 
vent a  crossing.  As  far  as  property  owners  are  concerned, 
we  were  free  agents  in  our  right  of  negotiation  with  them. 
In  this  particular  instance  we  were  dealing  with  coal,  and 
the  landowners  being  largely  interested  in  the  prosperit)' 
of  the  coal-mining  industry  would  not  think  of  interfering 
with  us.  But  a  statutory  company  is  in  a  dift'erent  position. 
Then  with  reference  to  the  attitude  of  the  railway  com- 
panies, it  must  be  borne  in  mind  that  in  the  particular  case 
to  which  I  am  referring  the  output  of  coal  was  between 
4  million  and  5  million  tons  a  year.  There  were  alternative 
ways  of  transporting  the  coal,  and  a  railway  company 
which  perhaps  is  dealing  with  li  or  2  million  tons  of  coal 
a  year  from  one  undertaking  cannot  refuse  to  grant  facili- 
ties, in  fact  they  are  only  too  pleased  to  do  so.  If  they  did 
not,  it  might  mean  the  diversion  of  traffic  to  some  other 
line.  Even  the  Post  Oftice  are  flexible  when  dealing  with 
a  non-statutory  company.  Part  of  their  works  were 
situated  on  our  land,  and  this  helped  to  secure  reasonable 
facilities  for  our  erecting  transmission  lines  in  the  neigh- 
bourhood of  their  wires.  There  is  one  further  point  I 
should  like  to  mention  in  connection  with  the  question  of 
compulsory  w^ayleaves.  It  will  be  seen  from  the  paper 
that  Italy  secured  compulsory  powers  in  1894,  Switzerland 
in  1902,  and  the  United  States  in  1912.  We  have  heard 
Mr.  Kingsbury's  somewhat  pessimistic  estimate  of  the  time 
it  will  take  us  to  get  an  Act  of  Parliament  passed.  But  I 
am  sufficiently  of  an  optimist  to  suggest  that  we  shall  have 
these  powers  within  the  next  two  years.  The  necessity  for 
the  conserX'ation  of  fuel  is  being  more  and  more  brought 
home  ;  this  factor  and  the  prime  necessity  for  cheap  power 
will  force  on  the  legislature  the  necessity  for  granting 
powers  to  secure  wayleaves.  I  believe  that  within  the 
next  two  years  we  shall  have  not  only  the  powers  indicated 
in  the  paper  enabling  us  to  use  super-stations,  but  also 
many  other  powers  that  are  necessary  to  allow  electricity 
to  play  its  fair  share  in  the  general  economy  of  our  nation. 

Mr.  W.  A.  CH.iMES  (communicated) :  As  Chairman  of  Mr. 
the  Joint  Committee  of  the  Incorporated  Association  of 
Electric  Power  Companies  and  the  Incorporated  Municipal 
Electrical  Association  appointed  for  the  purpose  of  draft- 
ing a  Bill  which  it  is  hoped  may  be  presented  to  Parliament 
at  the  earliest  opportunity,  I  may  say  the  question  of 
wayleaves  has  engaged  the  attention  of  that  Committee 
to  a  very  considerable  extent  and  the  following  clause 
(No.  11)  appears  in  the  draft  Bill  : — 

II.  The  undertakers  may  within  their  area  of  supply  or 
any  extension  thereof  under  Section  6  of  the  Electric 
Lighting  Act  1909  or  otherwise  construct  maintain  repair 
alter  and  remove  electric  lines  either  over  ground  or  under 
ground  across  over  or  under  private  property  or  common 
lands,  rivers,  railways,  canals,  tramways,  aerial  ropeways, 
pipelines,  water  channels,  and  the  like,  subject  to  the 
consent  of  the  owners  thereof,  or  without  such  consent 
(notwithstanding  the  provisions  of  section  7  of  the  Gas- 
works Clauses  Act  1847  as  incorporated  with  the  Electric 
Lighting  Act  1882  by  Section  12  thereof,  and  of  Section  10 
proviso  [b)  of  the  Schedule  to  the  Electric  Lighting 
(Clauses)  Act  1899)  subject  to  the  issue  of  a  certificate 
of  the  Board  of  Trade  declaring  the  construction  of  such 
lines   to   be   desirable   on   ground   of    public   utility   and 
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;ioui  '1 1/ 1 iig  their  construction  subject  to  terms  and  condi-   ' 
lum>    a»    arc    hereinbefore    provided.     Any    uiulcTt.ikcr> 
T'  I u  obtain  sucli  ccrtilicatc  shall  ntakc- application 

the    lioard   of   Trade.     Such   application   shall 
St  I  •jiil  tl.  ^  of   the  lines,  the  advanlafics  of  the 

routes  pr.  .  i   any  routes  avail.iblc  by  the  exercise 

of  (heir  x-xistinj;  powers  or  that  there  are  no  such  routes, 
and  sliall  be  accompanied  by  a  map  showing  the  route  or 
aiternativc  routes  proposed  to  be  followed,  the  easements 
required  for  access  thereto,  the  lands  and  other  properties 
concerned,  a  schedule  of  such  lands  and  their  owners  and 
.1  CLTlihcatc  that  copies  of  the  map  and  notices  of  applica- 
iMii  have  been  served  upon  all  such  owners.  Copies  of 
any    .  ^   which   m.\v  have  been   niade   with   any 

of  tlu  concerned  in  the  construction  of  any  part 

of  such  iiiics  or  of  any  consents  given  by  such  owners 
may  be  submitted  with  the  applicition  or  at  any  time 
thereafter  until  the  board  of  Trade  sh.ill  have  decided 
to  grant  or  withhold  the  certificate. 

L'pon  the  receipt  of  any  such  application  the  Hoard  of 
Trade  shall  notify  the  owners  concerned,  other  than  those 
List  above  mentioned,  and  invite  them  to  forw.ird  to  the 
KMrd  cf  Trade  in  writing  within  one  calendar  month,  any 
ol)v.ivations  which  they  may  wish  to  offer  upon  the  con- 
struction of  tlie  lines  or  the  routes  proposed  so  far  as  their 
own  properties  are  concerned.  The  board  of  Trade  if 
it  sees  fit  may  thcreifter  hold  a  local  enquiry  or  may 
decide  to  issue  or  withhold  the  certificate  without  such 
enquiry.  The  certificate  issued  shall  be  accompanied  by 
a  plan  showing  the  route  or  routes  approved  by  the  Board 
of  Trade  with  or  witliout  limits  of  deviation,  but  such 
f'liio  or  limits  of  deviation  shall  be  contincd  to  the 
pii.pertics  scheduled  by  the  Undertakers  in  their  applica- 
tion. The  Undertakers  shall  within  six  months  of  the 
receipt  of  the  certificate  serve  upon  all  the  owners  con- 
cerned, notices  of  their  intention  to  construct  such  lines 
showing  the  proposed  course  thereof  and  of  the  casements 
for  access  thereto  and  at  the  same  time  serve  notices  to 
treat  for  the  determination  of  the  compensation  to  be  paid 
where  that  has  not  l>een  previously  agreed  upon. 

The  lioard  of  Trade  shall  make  regulations  prescribing 
the  scale  of  the  maps,  the  forms  of  notice  and  observations, 
and  the  information  to  be  submitted  with  applications 
and  notices. 

When  the  Board  of  Tr.ide  has  decided  to  withhold  the 
certificate,  the  undertakers  shall  not  for  twelve  months  or 
for  such  period  as  may  be  determined  by  the  Board  of 
Trade  rc|  applicition  .md  then  only  subject  to 

such  rcg  the  lio.ird  of  Trade  may  make. 

The  cxeicisc  oi  the  powers  conferred  by  this  certificate 

i-Mir-r)    hv   Ihf   Ho:ir<l  of    Trade    shall    be    subject    to   the 

1^    iiumlH;red    (i)   to    {(>)    and    failing 

.11    the   undertakers  and   any  owner   of 

etc.  as  to  the  matters  set  out  in  the  provisions 

> •-tion  the  question  shall  l>c  heard  and  determined 

by  a  Muglc  arbitrator  to  l>c  app<jinled    by  the   Board  of 
Trj''  'in  respect 

of   I  lie  of  the 

'  •ml  ilLleiiDiiied    by  the 

(1/  Payment  by  the  undertakers  to  the  owners  of  (he 
property  by  way  o(  lump  sura  or  annual   rent  cliargc 


of  such  sums  as   may  be  agreed   upon  or  awarded  as  Mr. 
compensation  for  the  reduction  in  value  of  the  lands  by  ^''*'"*°- 
reason  of  the  casements  for  (he  construc(ion  maintenance 
and  repair  of  the  line  and  access  thereto. 

(2)  Haynient  by  (he  under(Hkers  to  (he  owners  of 
such  compensation  as  may  be  agreed  upon  or  awarded 
for  damage  done  in  the  course  of  construction  main- 
tenance repair  and  alteration  of  such  lines  at  any  time 
arising. 

{^)  In  arranging  whether  any  wayleaves  shall  be 
granted  in  perpetuity  or  for  any  term  of  years  due 
regaid  shall  be  had  to  the  liability  of  the  undertakers 
to  continuously  in.iintaiii  anv  supply  of  electricity  once 
given  by  them. 

(4)  .'Vlteratioii  from  time  to  time  of  (hc/oute  followed 
by  any  line  on  across  over  or  under  any  lands  upon  such 
terms  and  conditions  as  may  be  agreed  upon  or  awarded, 
but  so  that  the  alteration  shall  not  cause  any  interruption 
to  (he  supply  of  electricity. 

(5)  In  m.iking  any  award  it  shall  not  be  competent 
for  the  arbitrator  to  decide  against  the  express  wishes 
III  any  landowner  or  occupier  that  any  electric  line  shall 
be  run  overhead  across  any  ornament.il  park  garden  or 
pleasure  ground  so  ;is  to  spoil  tlic  amenity  thereof. 

(6)  The  Board  of  Tr.ade  may  at  any  time  revoke  any 
certificates  granted  by  (hem  under  (his  section  upon 
such  terms  and  conditions  .is  they  may  determine  having 
due  rcgaid  to  the  liability  of  the  undertakers  to 
continuously  maintain  the  supply  given  by  them. 

It  is  not  proposed  under  (he  Bill  (o  proceed  in  any  other 
w.-iy  than  through  the  present  existing  authori(y  to  whom 
all  such  malters  are  referred  by  the  Klectric  Lighting  Acts, 
namely  the  Board  of  Trade,  but  if  any  other  au(hori(y 
should  be  se(  up  by  Parlianien(  for  dealing  wi(h  this 
question  of  wayleaves  and/or  any  other  questions  at  present 
dealt  with  by  (he  Board  of  Trade,  (he  (ransfer  of  (his 
ma((cr,  along  wi(h  any  oilier  such  malters,  to  any  other 
body,  would  of  cour.sc  be  provided  for  in  the  Act  appoint- 
ing such  new  liody.  The  procedure  with  regard  to 
wayleaves  in  other  countries  h.as  been  considered,  but 
it  h.as  l>eeii  deemed  advisable  to  proceed  with  the 
drafting  of  tliis  clause  on  lines  which  fit  in  with  the  least 
possible  trouble  or  alteration  with  (he  cxisling  condidons 
in  (he  United  Kingdom.  The  Coinnultec  hope  (hat  the 
provisions  of  (his  clause  give  such  power  to  undertakers 
and  (o  (he  Board  of  Trade  as  it  is  reasonable  (o  expec( 
(hat  Parliament  will  give,  while  at  (he  same  time  safe- 
gu.uding  (he  interests  of  property  owners,  especially  in 
instances  where  it  might,  from  a  purely  utilitaii.m  point 
of  view,  be  desir.dilc  to  run  overhead  lines  .-\cross  orna- 
mental parks,  gardens  or  pleasure  grounds,  in  such  a  way 
as  to  disfigure  and  spoil  the  beauty  of  any  such  lands. 
Kxpcrience  seems  to  show  that  the  bare  f.ict  of  the 
existence  of  such  powers  as  those  set  out  in  this  draft 
clause  would  suffice  in  nine  cases  out  of  (en,  if  not,  indeed, 
in  nine(y-ninc  cases ou(  of  a  hundred,  to  c.iusc  (he  propcr(y 
owner  to  make  icasonable  agi cements  without  the  actual 
powers  contained  in  (he  clause  having  to  be  called  into 
o|>cralion  al  all.  In  present  ciiciiinslanccs  it  is  possiblefor 
one  l.iiKllnrd  possessing  only  .^  small  amount  of  land  (o 
complelclv  upset  a  scheme  for  the  construction  of  any 
electric   line   not   only   overhead,  but   also   underground. 
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because  he  will  not  allow  it  to  cross  his  property,  or,  if  he 
is  willing  to  allow  it  to  cross,  the  conditions  under  which 
he  is  willing  to  do  so  render  the  scheme  impracticable. 

There  is  another  point  altogether,  which  has  been 
referred  to  by  the  author,  namely,  that  of  the  alleged 
right  of  veto  by  a  local  authority  against'the  construction 
of  any  lines  whatever  overhead,  even  on  private  property. 
This  alleged  right  of  veto  I  do  not  think  was  ever  intended 
by  Parliament.  It  is  not  contained  in  Section  14  of  the 
Electric  Lighting  Act  1882  and  it  is  really  only  brought 
into  Section  10  (6)  of  the  Schedule  to  the  Electric  Lighting 
(Clauses)  Act  1899  indirectly,  and  I  cannot  believe  for 
a  moment  that  the  Committee  of  whichever  House  of 
Parliament  first  passed  this  wording  intended  that  it 
should  give  to  a  local  authority  the  power  to  prevent 
overhead  Hues  being  constructed  on  private  property, 
where  the  public  safety  and  convenience  is  in  no  way 
concerned.  Section  i  of  the  Schedule  to  the  Electric 
Lighting  (Clauses)  Act  1899  states  clearly  that  the  pro- 
visions of  the  Schedule  are  to  be  read  and  construed 
subject  in  all  respects  to  the  provisions  of  the  Electric 
Lighting  Acts,  which  means  the  Electric  Lighting  Acts 
1882  and  i888,  and  it  is  quite  unreasonable  to  suppose 
that  it  was  the  deliberate  intention  of  any  Parliamentary 
Committee  to  place  any  further  restrictions  upon  the 
erection  of  overhead  wires  than  those  contained  in 
Section  14  of  the  Electric  Lighting  Act  1882,  so  far  as  the 
consent  of  local  authorities  is  concerned.  The  wording 
of  Section  10  (6)  of  the  Schedule  to  the  Electric  Lighting 
(Clauses)  Act  1899  is  of  course  unfortunate,  and  if  taken 
literally,  as  lawyers  in  these  days  seem  to  insist  upon  taking 
things,  it  may  be  held  to  give  these  very  wide  powers 
of  veto  to  local  authorities,  but  if  the  question  were  taken 
before  any  judge  who  would  take  a  broad,  intelligent,  and 
common-sense  view  of  the  whole  situation,  I  cannot  think 
he  would  decide  that  this  clause  gives  power  to  local 
authorities  to  prevent  the  erection  of  overhead  lines  across 
moorland  or  agricultural  land  or  other  tracts  of  country. 
_  As,  however,  the  Board  of  Trade  have  maintained  that 
Section  10  (6)  of  the  Schedule  to  the  Clauses  Act  1899 
does  give  an  absolute  veto  to  local  authorities,  without 
appeal  in  any  shape  or  form,  the  Joint  Committee  have 
added  the  following  section  to  the  draft  Bill  :— 

"  12.  Notwithstanding  the  provisions  of  Section  14  of  the 
Electric  Lighting  Act  1882  and  of  Section  10  proviso  (b) 
of  the  schedule  to  the  Electric  Lighting  (Clauses)  Act  1S99, 
the  consent  of  the  Local  Authority  shall  not  be  required 
for  the  placing  of  any  electric  line  above  ground,  ex- 
cepting along,  over,  or  across  any  street,  and  such  consent 
for  the  placing  of  any  electric  line  along,  over  or  across 
any  street  shall  not  be  unreasonably  withheld.  Any 
question  whether  such  consent  is  unreasonably  withheld 
shall  be  decided  by  the  Board  of  Trade. 

This  section  shall  only  apply  to  the  works  of  authorized 
undertakers  carried  out  by  them,  remaining  their  sole 
property  and  in  regular  use  by  them." 

The  effect  of  this  is  to  take  away  all  possibility  of  any 
claim  by  the  local  authority  to  have  any  power  of  veto 
over  the  construction  of  overhead  lines  on  private  pro- 
perty, and  at  the  same  time  it  provides  that  the  consent 
of  the  local  authority  shall  not  be  unreasonably  withheld 
to  the  erection  of  any  electric  line  above  ground,  along, 


over,  or  across  any  street,  and  provides  a  right  of  appeal  Mr. 
to  the  Bjard  of  Trade,  to  decide  whether  any  refusal  to 
give  such  consent  by  any  local  authority  is  unreasonably 
withheld  or  not.  It  must  always  be  remembered  that 
there  is  no  necessity  for  the  local  authoritj-  to  set  them- 
selves up  as  guardians  of  the  public  safety,  because  the 
Board  of  Trade  are  already  charged  with  that  duty,  which 
the}-  carry  out  verv  scrupulously  and  effectively.  If  any 
local  authority  should  know  of  any  overhead  electric  lines 
being  erected  in  such  a  way  as  to  endanger  the  public, 
all  they  have  to  do  is  to  draw  the  attention  of  the  Board 
of  Trade  to  the  matter,  and  the  Board  of  Trade  will  very 
effectively  and  efficiently  do  the  rest.  Many  people  may 
ask  why  these  powers  of  which  we  complain  should  not 
be  given  to  the  local  authorities  as  representatives  of  the 
public,  who,  they  may  sa}',  can  surely  be  relied  upon  to 
use  them  with  all  fairness  and  moderation.  But  the 
experience  of  many  of  us  has  proved  only  too  clearly 
that  these  powers  may  be  and  are  very  grossly  misused. 
For  instance,  a  local  authority  owning  a  gas  undertaking 
may  and  sometimes  does  make  use  of  these  powers  to 
hamper  the  development  of  electric  light,  or  even  elec- 
tricity supply  generally  for  power  purposes,  within  its 
district,  being  under  the  impression,  apparently,  that 
by  so  doing  it  is  best  serving  its  own  ratepayers' 
interests  bv  preventing  competition  with  its  gas  under- 
taking. Then,  again,  any  councillor  having  a  grudge 
against  an  electric  power  companj'  or  other  electricity 
supply  undertaker,  may  so  influence  the  council  of  which 
he  is  a  member,  as  to  cause  that  council  to  refuse  to  give 
the  necessary  consent.  It  is  therefore  quite  wrong  that 
these  powers  of  veto,  without  appeal,  should  ba  placed  in 
the  hands  of  any  local  authorities.  No  one  asks  or  wants 
free  powers  to  electricity  undertakers  to  run  overhead 
mains  along  or  across  streets  without  reasonable  and 
proper  safeguards  in  the  interests  of  the  public  as  repre- 
sented by  the  local  authorities,  or  across  private  property 
without  safeguarding  the  interests  of  the  property  owners. 
But  I  think  that  these  two  clauses  in  the  draft  Bill  give 
the  necessary  relief  to  electricity  supply  undertakers, 
whilst  at  the  same  time  amply  safeguarding  the  public 
and  the  propert}'  owners. 

Mr.  J.  E.  Graxt  (coinmuiiicaled)  :  The  paper  is  a  Mr.  Grant, 
courageous  attempt  to  focus  attention  upon  what  is  after 
all  only  one  aspect  of  the  whole  difliculty.  Taking  a  broad 
view  there  is  no  difference  in  principle  between  a  wayleave 
for  a  telephone  line,  power  line,  telegraph  posts,  conduits, 
railways,  roads,  etc.  ;  and  after  consideration  it  will  be  seen 
that  land  for  buildings  of  any  kind  comes  into  the  same 
category,  a  house  just  as  much  as  a  telegraph  post.  Two 
weights  in  the  scales  of  justice  are  necessary.  One  weight 
to  provide  compensation  to  the  users  of  the  land  for  any 
disturbance  of  improvement,  and  fair  compensation  for  loss 
of  amenity;  the  other  weight  in  the  scale  concerns  rating. 
In  the  present  state  of  legislation,  anyone  holding  land  is 
penalized  by  the  rates  for  using  it,  and  escapes  by  holding 
it  out  of  use.  Our  rating  system  acts  like  a  wet  blanket 
upon  industry;  nothing  could  be  more  unjust.  Land  is 
not  a  product  of  industry  and  yet  is  essential  for  the  pur- 
poses of  industry.  Land  without  industrv-  would  be  worth 
nothing  and  its  value  is  an  induced  one,  due  to  the  presence 
of  population  and  consequent  industry.  If  a  railway,  road, 
gas,  water  or  power  supply  line,  or  an\-  improvement  is  run 
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If.Cnst.  that  land  is  induced  will)  a  high  v.ituc 

J  tithcr  side.     This  value  is  the  property 

o<  the  community  as  a  whole  :  but  those  who  can  hamper 
access  to  the  land,  pocket  the  x-alue.  Land  values  arc 
well  known  and  can  be  measured  as  easily  as  the  induced 
potential  in  a  conductor.  Rates  as  at  present  placed  only 
upon  land  that  is  used,  and  not  upon  unused  land,  produce 
.i  V  in  land  and  unfairly  penalize  the  user.     Taxa- 

:  1  be  adjusted  so  that  every  man  who  bciirs  his 

(air  >liaic  of  the  burdens  of  civilization  shall  enjoy  a  fair 
share  of  the  rewards  of  civilization.  The  present  system 
of  rating  inverts  this,  and  thus  industry  bears  more  than  its 
fair  share  of  burdens.  The  remedy  is  to  rate  only  the  land 
value  .and  relieve  the  improvements.  Then  a  man  who 
unfairly  held  up  valuable  land  would  be  asked  to  pay  rates 
upon  its  value  to  the  community.  Let  us  now  sec  what 
would  happen  in  the  case  of  wayleaves.  The  user  of  the 
land  would  have  the  value  of  his  displaced  improvements 
assessed  by  an  Independent  impartial  assessor  and  also  be 
offered  f.-iir  compensation  for  loss  of  amenity,  if  any.  If 
he  refused  the  just  offer  he  would  be  asked  to  pay  a  sum 
equivalent  to  the  annu.al  land-value  rate  agreed  to  be  paid 
by  the  power  company,  railway,  or  water-supply  company 
as  the  case  may  be.  I'nder  such  a  system  no  land-holder 
would  be  unduly  selfish,  it  would  not  pay.  It  is  only  fair 
that  if  for  personal  reasons  he  wishes  to  deprive  the  com- 
munity of  some  benefit,  he  should  give  fair  compensation. 
The  recommendations  of  the  Land  Knquiry  Committee 
only  treat  the  difficulty  in  piecemeal  fashion  and  are  cal- 
culated further  to  increase  bureaucratic  officialdom,  all  of 
which  leads  to  further  taxation  burdens.  A  universal 
remedy  is  required  which  will  give  justice  to  every  industry, 
and  that  remedy  lies  in  more  equitable  rating. 

If.  Ken  Mr.   W.   T.    Kerr  {(ommunuatcJ)  :   The  difficulties   of 

obtaining  wayleaves  and  easements  as  described  in  the 
paper  relate  more  especially  to  heavy  power  lines,  but 
they  arc  more  intensified  in  the  case  of  light  overhead 
lines  suitable  for  giving  a  supply  in  .agricultural  districts. 
It  seems  to  be  of  little  use  for  the  lioard  of  Tr.ide  to  sug- 
gest the  linking  up  of  stations  and  the  conservation  of  coal 
and  petrol  supplies  until  the  above  obstructions  arc  re- 
moved. Take,  for  instance,  the  case  of  the  farmer.  On 
farms  in  this  district  (Herefordshire)  at  least  one  oil,  gas, 
<  '  nginc  is  used  per  farm.     Kach  of  these  engines 

I  a  certain  amount  of  carting  of  fuel  ;  this  means 

the  u-^  of  h  of  which  is  said  to  re>|uirc  1}  acres 

of   land.  1    .amount    of    skilled   attention    is  also 

necessary.  Uy  substituting  electric  power  this  item  could 
be  saved.  Hut  these  engines  cannot  be  replaced  by  elec- 
tric motors  so  long  as  the  cost  of  an  extension  line  is  in 
»omc  cases  doubled  or  even  trebled  by  heavy  legal  costs 
and  prohibitive  rents.  In  tnany  ca»cs  these  costs  would 
1  "   wed  as  a  capital  charge  and  very  few  engineers 

li  to  add  them  to  the  working  costs,  yuitc 
rcvtiitly   v  ;  to  supply  a  con- 

'iimrr  :•  f.  ,|  Ix-iuiularv.     Con- 

that  the  main  slinuld  l>e  put 
:.  the  application  was  made 
t  wa»  mentioned  about  overhead  lines.  A 
that  many  of  those  who  object  to  overhead 
1  f-n  know  a  power  line  when  they  pass  it 

■.  often  be  seen  crossing 
.'jn  to  a  telephone  line  I 


fail  to  see  why  a  power  line  should  be  forbidden  when  Mr.  Ken. 
there  is  no  perceptible  difference  to  the  ordinary  public. 
At  the  present  time  it  is  of  the  greatest  importance  that 
every  reasonable  facility  should  be  given  for  the  extension 
of  electricity  supply  mains.  In  my  ojMnion  the  induce- 
ment thereby  offered  to  agriculture  is  such  that  many 
times  the  .acreage  would  in  future  be  arable  land.  I  have 
recently  heard  farmers  say  that  the  best  type  of  ploughing 
ge.ar  is  steam-driven.  Uy  substituting  a  motor,  however, 
on  the  winding  drum,  the  cost  of  this  equipment  would  be 
reduced  by  several  hundred  pounds  ;  and  by  doing  away 
with  the  small  engines  the  cost  of  insurance  would  also  be 
reduced.  Extensions  in  agricultural  districts  are,  how- 
ever, out  of  the  question  owing  to  the  difticulty  in  obtain- 
ing wayleaves.  Also  the  methods  of  levying  rates  on  these 
lines  need  revision  ;  they  should  on  certain  conditions  come 
under  the  same  category  as  agricultural  land,  covered  bj'- 
Section  211,  Sub-section  iBof  the  Public  Health  Act  1875. 
Legislation  on  the  lines  of  a  combination  of  the  1916  Tele- 
graph (Construction')  Act  and  the  "  Recommendations  "  of 
the  Land  Empire  Committee  would  enable  supply  under- 
takings to  meet  the  demands  now  being  made  upon  them 
for  a  supply  of  cheap  power  for  agricultural  and  rural 
industries,  and  at  the  same  time  enable  the  larger  gene- 
rating stations  to  be  linked  up,  thereby  effecting  a  general 
economy  of  the  greatest  national  importance. 

Sir  W.  Slingo  (communicated) :  I  am  in  sympathy  with  the  sir  \y. 
objects  .aimed  at  in  the  paper  and  note  with  satisfaction 
that  the  Post  Oltice  view  that  extra-high-pressure  lines 
should  not  be  erected  along  public  ro.ads  is  held  by  the 
author.  There  are  a  few  essential  points  of  difference 
between  the  circumstances  attending  telegraph  lines  and 
power  lines.  One  of  these  points  is  that  the  business 
is  more  concentr.ated  in  the  latter  case  than  in  the  former, 
th.at  is  to  say,  the  expenditure  incurred  upon,  and  the 
revenue  derived  from,  a  mile  of  power  line  are  both  greater 
than  in  the  case  of  a  corresponding  length  of  telegraph 
line.  It  follows  that  the  cost  of  the  w.ayleave  is  relatively 
less  important  in  the  case  of  the  power  line.  So  far  as 
consents  arc  concerned,  local  authorities  have  no  power 
of  approval  or  disapproval  of  Post  Oilice  telegraph  or 
telephone  schemes,  i.e.  their  powers  arc  restricted  to 
giving  or  withholding  consent  for  the  construction  or  erec- 
tion of  plant  in  specified  positions  in  streets  or  roads,  and 
the  Postmaster-Cleneral  has  the  right  of  appeal  to  the  Law 
Courts  .against  the  refusal  of  consent  or  the  attachment 
of  objectionable  conditions.  It  has  been  laid  down  in  the 
Courts  that  any  condition  attached  to  a  consent  given  by 
a  local  authority  must  be  restricted  to  such  as  can  reason- 
ably be  attached  in  its  cap.acily  of  road  authority.  There 
can  Ik  no  doubt  that  a  time  limit  should  be  imposed,  but 
I  fc.ar  some  difficulty  will  be  experienced  in  securing  a 
limit  of  only  one  month.  In  the  case  of  telegraph  and 
telephone  work  the  Engincer-iii-Cluef  of  the  Post  Office 
is  himself  a  coordinating  authority  from  the  standpoint 
that  he  issues  technical  instructions  to  his  engineers  and 
in  the  normal  course  of  administration  endeavours  to 
secure  that  those  instructions  are  observed  uniformly 
throughout  the  I'liitcd  Kingdom.  In  the  case  of  power 
work,  the  standards  are  prescribed  by  the  Hoard  of  Trade, 
and  if  the  existing  power  of  the  local  authority  to  veto  or 
modify  a  scheme  is  to  be  qualified  bv  a  right  of  appeal  to 
the  Board  of  Trade,  the  latter  would  become  not  only  the 
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V.  source  of  Regulations  for  securing  the  safety  of  the  pubhc, 

^°'  etc.,  but  also  the  referee  in  cases  of  dispute.     The  experi- 

ence of  the  Post  Office  has  indicated  very  clearly  that 
there  is  a  marked  difference  between  the  standard  of 
workmanship  in  the  case  of  the  large  electric  light  and 
power  undertakers  on  the  one  hand  and  the  very  small 
undertakers  on  the  other,  and  there  is  much  to  be  said 
for  the  principle  of  referring  all  differences  to  tribunals 
which  could  only  be  claimed  to  be  impartial,  but  before 
which  the  Board  of  Trade  could  if  necessary  be  repre- 
sented. Long  experience  has  indicated  that  the  procedure 
prescribed  for  telegraph  lines  works  on  the  whole  satis- 
factorily, and  I  should  be  very  sorry  to  see  any  Government 
department  (which  by  the  way  would  act  through  the 
intermediary  of  barristers)  acting'as  arbitrators,  substituted 
for  the  Law  Courts.  I  very  much  doubt  whether  there 
would  be  the  same  uniformity  in  decisions  or  whether 
the  costs  would  not  be  considerably  enhanced.  In  the 
matter  of  wayleaves  on  private  property,  the  Post  Office 
has  had  to  contend  with  precisely  similar  difficulties  to 
those  mentioned  by  the  author,  and  it  was  mainly  in 
consequence  of  the  increase  in  those  difficulties  since 
the  acquisition  of  the  National  Telephone  Company's 
system  (at  the  end  of  191 1)  that  the  late  Postmaster- 
General  (Mr.  J.  A.  Pease)  decided  to  seek  further  powers, 
which  has  since  been  conferred  b}-  the  Telegraph  (Con- 
struction) Act,  1916.  The  main  effect  of  this  .A.ct  is  to  secure 
for  the  Post  Office  in  respect  of  differences  regarding  the 
use  of  private  propert3'  a  right  of  appeal  to  the  Law  Courts 
similar  to  that  enjoyed  since  1878  in  the  case  of  differ- 
ences with  road  authorities.  The  remarks  already'  made 
with  regard  to  references  to  the  Board  of  Trade  in 
connection  with  the  approval  of  electric  light  and  power 
schemes  apply  with  equal  force  to  the  question  of  settlement 
of  differences  with  private  owners,  i.e.  there  seems  to  be 
no  good  reason  why  the  machinery  provided  by  the 
Telegraph  ,A.cts  should  not  be  utilized  to  facilitate  the 
operations  of  electric  light  and  power  undertakers.  I  may 
add  that  the  1916  Act  has  already  proved  to  be  of  very 
great  service.  The  author  draws  attention  to  the  fact  that 
many  of  the  routes  for  power  circuits  lie  across  agricultural 
land ;  but  those  circuits  are  often  in  the  vicinity  of  towns 
and  villages  or  lead  to  factories,  works,  or  collieries,  and 
there  is  always  the  liability'  that  such  land  may  be  required 
for  building  purposes,  and,  whether  the  lines  be  overhead 
or  underground,  some  provision  for  possible  diversion  is 
essential. 

Mr.  B.  Welbourm  {communicated)  :  The  magnitude  of 
the  evil  is  generally  admitted,  and  no  good  purpose  is  to  be 
served  at  the  moment  by  quoting  additional  hard  cases.  It 
therefore  seems  to  me  better  to  concentrate  on  the  discus- 
sion of  the  proposals  which  the  author  makes  or  alternative 
ones.  In  the  discussion  Mr.  Williams  suggested  that  the 
matter  is  one  of  considerable  importance  to  the  manufac- 
turers of  electrical  machinery,  etc.,  as  well  as  to  the 
supply  authorities.  I  agree.  I  think  that  any  manufacturer 
who  is  capable  of  taking  long  views  and  has  faith  in  the 
future  developments  of  the  electricity  supply  business  will 
agree  that  any  reasonable  procedure  which  tends  to  in- 
crease the  number  of  consumers  must  also  increase  the 
market  for  his  products.  I  hold,  therefore,  that  electrical 
manufacturers  are  likely  to  derive  much  benefit  from  the 
simplitication  of  the  present  procedure  in  regard  to  con- 


sents and  wayleaves.  What  can  be  done  to  remedy  exist-  Mr. 
ing  conditions  ?  On  page  337  the  author  makes  a  suggestion 
that  the  Board  of  Trade  should  be  authorized  to  issue  a 
public  utility  certificate  for  a  transmission  line  and  that  the 
receipt  of  such  a  certificate  would  be  a  powerful  imple- 
ment to  have  in  hand  when  negotiating  for  wayleaves.  I 
suggest  that  it  would  be  better  to  take  the  attitude  that  all 
transmission  lines  are  required  for  public  utility  purposes 
and  that  the  onus  of  disproof  should  be  put  on  the  owner 
of  the  land  proposed  to  be  crossed.  It  seems  to  me  that 
this  will  be  simpler  from  our  point  of  view  than  to  attempt 
to  define  the  term  "  public  utility."  Attempts  at  a  defini- 
tion will  lead  to  all  sorts  of  difficulties.  For  instance,  no 
reasonable  person  would  be  likely  to  object  to  the  term 
"  public  utility  "  as  applied  to  a  line  for  giving  a  supply  to, 
say,  a  colliery,  but  if  the  line  were  required  for  a  supply  to, 
saj',  a  cinema,  the  matter  might  be  open  to  discussion.  On 
page  331  the  author  omits  to  make  any  proposal  for  a  time 
limit  for  settlement  of  disputes  by  the  Board  of  Trade.  In 
regard  to  consents,  I  would  ask  him  to  make  his  proposal 
more  definite  and  to  bring  it  into  line  with  the  three 
months  which  he  states  on  page  336  for  wayleaves.  When 
listening  to  the  London  discussion  I  was  impressed  by  the 
proposal  made  by  Mr.  Stubbs  to  the  effect  that  the  imme- 
diate difficulties  might  be    met   by   the   passing  at  once 

'  of  a  short  Bill  which  would  confer  on  the  electricity 
supplv  industrv  similar  rights  to  those  which  were  con- 
ferred on  the  Postmaster-General  by  the  Telegraph  Con- 
struction Act  of  1916.  This  would  certainly  be  a  stepping 
stone  towards  the  more  drastic  legislation  which  may  come 
as  the  result  of  the  work  of  the  various  Board  of  Trade 
Committees. 

'  Mr.  C.  Vernier  (/;i  reply)  :  I  wish  to  thank  the  Presi-  jir. 
dent,  Mr.  Wordingham,  and  other  speakers  for  their  Vernier, 
appreciative  remarks  on  the  paper.  I  am  very  glad  to 
find  that  there  has  been  no  opposition,  but  a  unanimous 
expression  of  opinion  in  favour  of  the  measures  aimed  at 
in  the  paper  although,  as  was  only  to  be  expected,  there 
have  been  differences  of  views  on  questions  of  detail  and 
procedure.  The  paper  was  intended  to  create  an  oppor- 
tunity for  expressing  such  views,  in  order  that  the  Council, 
and  others  who  will  have  to  deal  with  this  question,  might 
have  the  benefit  of  the  opinion  of  members  qualified  by 
experience  to  speak  on  this  subject.  The  President  has 
mentioned  that  I  was  invited  to  contribute  the  paper  by 
a  Committee  of  the  Institution.  I  would  express  regret 
that  it  has  taken  so  long  to  comply  with  their  wishes,  for 
it  was  shortly  before  the  War  that  I  was  first  approached 
in  the  matter,  and  I  must  put  the  blame  for  the  delay  on 
circumstances  arising  out  of  the  War  which  prevented 
me  from  finding  sufficient  time  to  undertake  its  active 
preparation  until  quite  recently.  I  am  glad  to  think, 
however,  that  nothing  has  been  lost  by  the  delay,  as  there 
could  scarcely  have  been  a  more  opportune  time  for  a 
discussion  of  this  subject  when  the  question  is  becoming 
a  really  live  one  ;  if  the  discussion  had  taken  place  in  the 
earlier  part  of  the  War  when  other  more  serious  matters 
required  pressing  attention,  the  matter  might  by  this  time 
have  lapsed  once  more  into  obscurity.  Xow  that  the 
Board  of  Trade  have  (since  the  paper  was  written) 
appointed  a  Committee  to  inquire  into  the  general  question 
of  affording  an  ample  supply  of  electrical  energj-  to  all  who 

i    require  it,  this  question  of  wayleaves  cannot  be  ignored 
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^nsidcratioa    which   the  Committee   have  been 
.   to  give  to  (his  subject  ot  vital  importance  to 
the  nation. 

I  am  glad  to  have  the  opinion  of  Mr.  Wordingham  and 
I  ilicr>  a&  to  the  moderate  and  fair  torn.-  of  the  paper, 
hccaiuc  in  writing  it  I  have  been  at  sonic  pains  to  hold  the 
balance  as  evenly  as  possible  between  the  several  interests, 

of   the  nation,  of   the   bndowncr,  and  of   the 

:  —not  an  easy  matter — neither  taking  the  view 
■  1  mist  wlio  would  trample  ruthlcs>ly  upon  the 
...  -  }':>.pcrty  owners,  or  of  that  other  extremist  who 
considers  any  interference  with  private  property  to  be  a 
form  of  sacrilege.  The  latter  type  is  not  very  likely  to 
be  found  within  the  ranks  of  electrical  engineers,  but  the 
former  is  not  unknown  and  a  word  of  w.irning  must  be 
uttered,  which  is  that  any  extreme  views  will  only  defeat 
the  object  we  have  in  view. 

I  regret  that  contributors  to  the  discussion  have  appeared 
to  confine  their  remarks  almost  entirelv  lo  the  question 
of  waylcaves  for  overhead  mains  and  have  gcnerallv 
■.;;:i'>red  the  question  of  waylcaves  for  underground  cables. 
I  .i;!.icli  quite  as  much  importance  to  the  latter,  and  I  am 
:  le  opinion  that  as  regards  waylcaves  for  underground 
cables  in  open  land  and  in  private  roads  wc  have  an 
unanswerable  claim.  I  know  no  vahd  reasons  why  under- 
takings of  unquestioned  pubUc  utility  should  not  have  the 
same  or  similar  powers  extended  to  them  as  are  conferred 
upon  a  h.  ly  under  the   I'ublic    Health  Act   1875 

for  the  l;i'.  Aers  and  water  pipes  on  pri\-ate  land. 

Mr.  Williams  in  quoting  my  reference  to  parks  and 
commons,  I  fear,  had  only  in  mind  waylcaves  for  over- 
head mains,  but  I  do  seriously  put  forward  the  suggestion 
that  compulsory  powers  should  be  granted  for  carrying 
mains  c\-crywhere  irrespective  of  whether  the  land  is 
park  Lind  or  moorland,  and  my  view  finds  support  in  the 
terms  of  Secbon  1  of  the  Telegraph  (Construction)  Act 
lyi'i.  which  makes  no  reservation  as  to  the  kind  of  land  to 
be  utilized,  but  only  as  regards  the  amenities  and  the 
\-alue  of  the  land.  It  should  be  the  duty  of  the  Govern- 
ment Department  concerned  to  decide  in  case  of  dis- 
agreement whether  in  the  circumstances  the  amenities 
of  the  site  render  overhead  construction  unreasonable, 
and  undertakers  them.sclves  would  in  the  majority  of  cases 
exercise  some  common  sense  of  the  fitness  of  things  in 
these  matters.  Only  recently  I  have  had  occasion  to  lav  an 
importan:  under  a  waylcavc  agreement 

alone  A   ;  a  park  of    national    repute, 

iblc  shortening  of  the  route, 
ic  to  be  excluded  from  com- 
pulsory powers,   costly   and  unnecessary  deviations    may 
have  to  be  made  lo  avoid  similar  plcsisure  grounds. 

Mr.    Woodhousc   has  very   properly   suggested   that    I 

■'•■''  —ike  mme  reference  to  the  report   of    the  Joint 

I'  (>f  the    House  of    Lords   and   the    House   of 

ver    by   Lord  Cross.     I  gladiv 

trnli'11   lo   refer  to   it    when 

ut   lliu  li:  <    (h(l   not 

Mr.  \V-  speaking 

tlial  reference  was  made  in  this 

(or  increased   facilities   for   way- 

lud  wite«.    Thi>  IS  only  true  in  a 

■  c  full  text  of  the  report  so  far  as  it 

II  under  ditcussion  11  as  follows  : 


i^iicslion   I. — "Whether   notwithsLinding  the  provisions  Mi 
of  Section  I J  111  of  the  Klectric  Lighting  Act  i88j,  powers  """"" 
should   be  given    in   any   cases  for   acquiring   land   com- 
pulsorily  for   generating  stations  :  and  if   so,  under  what 
conditions  as  respects  liability   for   nuisance,   notices   to 
surrounding  owners  and  otherwise." 

Committees  reply  to  queition  i  (/■ur/  only).— " in)  The 
proved  public  advant.tges  of  electrical  eiierg>-  in  the 
generation  of  light  and  power  warrant  in  their  opinion  the 
granting  of  compulsory  powers  for  acquiring  sites  for 
generating  stations  and  lands  or  casements  for  pipes  and 
mains  therefrom  and  other  work,s. 

"('')  Provision  should  be  made  for  the  granting  of  these 
powers  in  the  Provisional  Orders  of  the  Hoard  of  Trade 
subject  to  conlirmation  by  Parliament.  Such  provision 
would  facilitate  a  conlinu.ince  of  the  c.^cisting  practice, 
according  to  which  more  or  less  uniform  conditions 
under  which  undertakers  arc  to  work  are  provisionally 
settled  by  the  Board  of  Trade.  Procedure  by  private  Bill 
should  be  reserved  as  at  present  for  exceptional  cases." 

This  recommendation  has  been  acted  upon  in  numer- 
ous Provisional  Orders  and  Acts  since  it  was  made,  and 
has  finally  been  incorporated  in  electri&d  legislation  in 
Section  i  of  the  Electric  Lighting  .Act  1909,  but  it  must 
be  clearly  understood  that  compulsorx-  powers  can  only 
be  exercised  in  connection  with  land  which  is  specified 
in  an  Act  or  Order. 

\)ueslwn  3. — "Whether,  in  case  of  a  generating  station, 
however  acquired,  not  being  situate  within  the  area  of 
supply,  power  should  be  given  for  the  breaking  up  of 
streets  between  the  generating  station  and  the  boundary 
of  the  area  of  supply  "  ; 

Committee's  reply  to  queyticn  ;. — "  In  the  case  of  powers 
being  given  for  the  erection  of  a  generating  station  out- 
side the  area  of  supplv  they  think  that  powers  may 
properly  be  given  for  laying  the  mains  in  streets  lead- 
ing from  the  generating  station  to  the  boundaries  of  the 
area  of  supply.  In  such  case  the  local  authorit>'  liable 
to  maintain  these  streets  should  have  the  same  option  of 
themselves  breaking  up  and  reinstating  the  streets  at  the 
undertakers'  expense  as  is  now  given  in  the  Provisional 
Orders  to  local  authorities  within  the  area  of  supply, 
and  should  be  empowered  accordingly. 

•'  The  Committee  arc  of  opinion  that  while  it  may  be 
.idvisable  to  maintain  the  veto  of  local  authorities  as  to 
the  erection  of  overhead  wires  given  by  Section  14  of  the 
Act  of  1882,  in  respect  of  other  electric  wires,  il  is  not 
advisable  that  in  the  case  of  overhead  wires  for  traction 
purposes  the  local  .authority,  other  than  the  London 
County  Council  and  county  boroughs,  should  have  an 
absolute  veto.  While  due  weight  should  be  given  by 
the  Hoard  of  Tr.idc  to  the  representilions  of  local 
.uithoritiis.  the  Committee  think  that  ii-  if  wires 

for  purposes  of  traction  it  would   be  ^  '  give  a 

locus  standi  to  such  local  authorities  *' 

The  first  pait  of   the  Commr  ion  with 

reference  to  the  breaking  up  the  area 

of  supplv  lias  been  given  eftctt  to  by  ficction  3  of  the 
Klectric  Lighting  Act  i<|oi>.  The  second  part  is  important 
—and  this  is  the  >ection  to  which  I  intended  nuking  a 
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reference— as  showing  what  we  have  to  meet  in  the 
"'"^'  matter  of  consents  for  overhead  wires.  The  Board  of 
Trade,  doubtless  with  this  report  before  tliem,  drafted 
Section  lo  [b)  of  the  Electric  Lighting  (Clauses)  Act  1899 
even  more  stringently,  or  perhaps  I  should  say  less 
ambiguously"  than  the  similar  clauses  contained  in 
Section  14  of  the  Electric  Lighting  Act  1882,  but  never- 
theless, in  the  Pow-er  Bills  of  igoo.  Parliament  allowed  an 
appeal  to  the  Board  of  Trade  in  the  case  of  the  unreason- 
able withholding  of  a  consent  by  a  rural  district  council. 
Much  has  obviously  happened  in  the  electrical  develop- 
ment of  this  country  during  the  ig  years  which  have 
elapsed  since  this  Committee  sat,  to  call  for  a  revision  of 
this  matter,  and,  as  I  have  stated  in  the  paper,  a  right 
of  appeal  is  necessary  in  all  cases  of  the  unreasonable 
withholding  of  a  consent  by  a  local  authority. 

Mr.  Woodhouse  does  not  agree  with  the  exclusion 
of  county  boroughs,  and  this  is  also  mj-  own  view,  but 
I  think  it  very  likely  that  their  inclusion  would  be 
strenuously  resisted.  There  is  a  difference  between  a 
county  borough  and  a  municipal  borough, f  and  it  is  only 
the  former  to  which  I  refer  in  the  paper.  It  is  quite 
true,  as  Mr.  Woodhouse  points  out, .  that  parts  of  some 
county  boroughs  are  as  open  as  an}-  rural  districts  and 
will  probably  not  be  fully  built  upon  for  generations.  It  is 
important  to  bear  in  mind  on  this  question  that  the  right 
of  appeal  to  the  Board  of  Trade  by  no  means  implies  that 
the  appeal  will  be  granted.  Representations  by  a  local 
authority  to  the  Board  would  have  full  consideration  and 
thus  no  real  hardship  could  be  placed  upon  the  local . 
authority.  As  further  emphasizing  the  necessity  for  this 
right  of  appeal,  I  should  like  to  mention  that  the  whole 
of  the  Northumberland  coal-field  is  covered  by  two 
county  boroughs,  one*  municipal  borough,  12  urban  dis- 
tricts and  small  portions  on  the  outskirts  of  two  rural 
districts,  and  any  one  or  more  of  the  above  authorities, 
excepting  the  rural  districts,  can  absolutely  veto  the  erec- 
tion of  overhead  lines  to  give  a  supplj-  to  that  particular 
coal-field,  and  all  or  any  of  them  may  impose  restric- 
tions and  cause  vexatious  delaj'S  as  described  in  the 
paper. 

Security  of  tenure,  as  Mr.  Woodhouse  points  out,  is 
somewhat  precarious,  but  I  can  assure  him  that  other 
undertakers  would  onlj-  be  too  pleased  if  they  could  always 
ensure  even  21  years'  agreements. 

Mr.  Starr's  model  conditions  are  much  more  modest  in 
that  he  appears  to  be  satisfied,  unless  I  misunderstand  him, 
to  remove  his  mains  at  6  months'  notice.  This  question  of 
security  of  tenure  is  undoubtedly  a  most  important  one, 
but  overliead  construction  on  any  extensive  scale  l;as  been 
too  short  a  time  in  operation  to  form  any  judgment  of  the 
attitude  landowners  are  likely  to  adopt  when  agreements 
expire,  whether  they  will  not  in  some  cases  call  for  removal 
of  the  lines  or  for  an  increase  in  the  rents.     In  either  case 

*  This  is  ambiguous  because  it  can  be  read  eitiier  as  prohibitinj^  the 
erection  uf  overliead  wires  above  ground  on  roads  only  or  above 
•ground  generally  including  roads,  in  each  case  without  the  consent 
ot  ihe  local  authority. 

f  County  boroughs  are  boroughs  which  at  the  passing  of  the  Local 
Government  -Act  l8SS  had  a  population  ot  not  less  than  50,000  or 
were  counties  in  themselves  (Section  31). 

The  local  authority  is  in  some  cases  defined  in  the  Schedule  to  the 
Electric  Lightin*^  .Act  1SS2  as  being  the  urban  sanitary  autlKtrity  now 
known  as  an  urban  district  (Local  Government  Act  i8')4-  Section  21). 
A  municipal  borough  is  also  an  urban  district. 


what  can  the  unfortunate  undertaker  do  ?  He  is  helpless  Mr. 
if  the  landowner  chooses  to  be  unreasonable.  Let  us  ^  ""'"■■ 
imagine  under  the  present  arrangement  a  line  several 
miles  long  which  has  been  in  use  for  a  nuinber  of  years 
supplving  important  consumers,  and  which  passes  over 
several  estates.  If  a  landowner  on  one  of  these  estates  on 
the  route  refuses  to  renew  an  agreement,  or  only  agrees  to 
renew  it  on  more  extravagant  terms  than  before,  and  if  his 
estate  is  a  large  one,  the  whole  line  may  have  to  be  diverted 
to  clear  his  land  and  the  continuity  of  supply  endangered, 
or  alternatively  his  terms,  whatever  they  may  be,  must  be 
accepted.  The  opportunties  thereby  offered  for  blackmail 
by  an  unscrupulous  owner  are  practically  unlimited.  Under 
a  law  for  expropriation  tenure  should  be  in  perpetuity' 
unless  the  landowner  can  show  good  cause  for  the  removal 
or  diversion  of  the  main,  such  as  the  necessary  develop- 
ment of  his  land,  which  makes  this  essential.  My  recom- 
mendations (rf)  on  page  337  are  intended  to  prevent 
unreasonable  interference  with  the  property  of  under- 
takers, but  at  the  same  time  a  landowner  ought  not  to  be 
prevented  from  enjoying  freedom  in  the  use  and  develop- 
ment of  his  land  in  any  reasonable  manner,  and  therefore 
in  all  but  unreasonable  cases  the  cost  of  carrying  out  the 
diversion  should  fall  upon  the  undertakers. 

A  further  question  which  has  not  been  dealt  with  in  the 
paper  is  that  of  compulsory  powers  to  cut  and  trim  trees 
to  enable  cross-countrv  overhead  lines  to  be  erected  satis- 
factorily. Such  powers  are  contained  in  the  Swiss  and 
French  Laws  on  expropriation  and  must  not  be  over- 
looked in  any  proposed  legislation  on  this  subject. 

I  must  congratulate  Mr.  Starr  on  the  absence  of  serious 
difficulty  with  wayleaves  or  consents  in  his  district.  It 
would  almost  seem  as  if  the  further  one  travels  south,  the 
more  difliculties  increase.  The  organization  of  a  special 
department  to  deal  with  all  negotiations  for  wayleaves  is 
one  that  has  been  in  existence  for  many  years  in  the  com- 
pany with  which  I  am  connected,  and  is,  in  my  opinion, 
essential  if  difftculties  resulting  from  the  absence  of  a 
proper  organization  are  to  be  avoided.  Such  difliculties 
are  often  experienced  where  the  handling  of  negotiations 
is  left  in  the  hands  of  local  or  district  engineers  responsible 
for  the  execution  of  the  vi'ork,  who  are  invariably  occupied 
with  a  great  many  other  duties  and  who  not  infrequently 
look  upon  the  whole  business  as  a  tiresome  nuisance  to  be 
got  over  as  best  they  can.  The  individual  best  qualified  to 
undertake  these  negotiations  is  not  met  with  every  day  and 
should  be  plentifully  endowed  with  tact  and  unlimited 
patience,  and  he  must,  in  addition,  possess  a  certain  per- 
sonahty  and  knowledge  and  experience  of  agricultural 
matters  which  enables  him  to  meet  land  agents  and 
farmers  on  common  ground.  For  some  reasons  it  is 
preferable  that  he  should  not  be  an  engineer. 

County  councils,  as  pointed  out  by  Mr.  Starr,  are  the 
local  authority  in  most  cases  in  Scotland.  It  is  well  to 
bear  in  mind,  however,  that  for  the  purposes  of  the 
Electric  Lighting  Acts,  a  county  council  outside  of  Scot- 
land and  the  County  of  London  is  not  a  local  authority,  but 
merely  a  highway  authority.  This  is  important,  as  some 
county  councils  have  not  hesitated  to  cl?im  as  a  local 
authority  the  right  to  veto  overhead  wires,  a  claim  to 
which  thev  have  usually  no  legal  right.  In  one  or  two  of 
the  Power  Acts,  viz.  tlie  Gloucestershire,  and  the  North 
Metropolitan  Power  Act  1907,  the  county  councils   have 


358 


VERNIER:   WAYLEAVES:    DISCUSSION. 


\-»-r„  ■r.iiitcd  the  same  powers  as  a  local  authority  to  veto 
■,  ire>  without  a  right  of  an  appeal  to  the  Board  of 
■.  probably  by  agreement  with  the  promoters  as 

II  for  the  witlidrawal  of  their  opposition  to  these    ' 
I          ;:;  1.  ■immittcc.  I 

l.ir,f   Mr.  Starr's  company,  other  undertakers  have  also    ' 
l>.und  it  convenient  to  agree  upon  standard  terms  with  the 
r.iihvnv   c^'np.mics,  but  in  my  experience   I   regret  to  say 
:  ■  are  most  onerous.     In  view  of  what  I  have 

;n  the  paper  in  regard  to  exorbitant  rents,  I 
can  find  no  word  in  my  vocabulary  fittingly  to  describe  the 
measure  of  the  exaction  by  railway  companies  in  ca.scs 
where  statutory  powers  cannot  l->c  cxerci>ed.  With  some  ' 
knowledge  of  the  treatment  railway  companies  met  with 
at  the  hands  of  landowners  when  purchasing  their  land, 
one  can  but  feel  that  this  is  Uxjked  upon  as  a  legitimate 
opportunity  for  recoupment  at  the  expense  of  other 
undertakers. 

I  consider  that  the  method  of  assessing  a  rental  on  the 
b;i«i^  ol  the  number  of  units  passing  over  the  line  or  main 
should  be  strenuously  resisted.  This  is  virtually  giving 
a  share  in  the  business  of  the  undertaker  to  grantors  of 
wayleavcs,  a  share  to  which  they  have  not  the  shadow  ' 
of  a  right.  I 

The  interests  of  private  owners  certainly  demand  that  ' 
tlic  grantor  of  a  waylcave  should  be  fully  compensated 
i'T  the  use  of  his  land,  but  tlie  absurdity  of  the  claim  will 
be  belter  understood  when  I  point  out  that  a  20,ooo-volt 
cable  capable  of  carrj'ing  between  8,000  and  10,000  kw. 
will  occupy  no  more  sp.ace  and  cause  the  owner  no  more 
inconvenience  and  disturb;ince  than  a  low-tension  cable  ' 
capable  of  carrying  less  than  500  kw.,  and  the  same 
remark  applies  to  overhead  mains  according  to  the 
prcs^urc  adopted.  Such  an  arrangement  as  the  one 
under  Hi-»-ii->-ion,  quite  apart  from  necessitating  heavy 
and  iiy    expenditure     m     providing    metering 

app.i:  iiitroducmg  additional  risk  of  breakdown — 

p.irlicuiarly  at  the  higher  voltages  as  to  wliich  we  have 
reached  no  finality — imposes  a  perpetual  fixed  cliargo,  and 
what  amounts  practically  to  a  tax  on  each  unit  carried  , 
by  the  main,  irrespective  of  the  value  of  those  units  or  of 
anv  economics  which  the  undertaker  may  be  enabled  to 
tcver  might  be  said  for  it  in  the  case 
.iker,  in  the  case  of  statutory   under- 

III  my  opinion,  absolutely  contrary  to  the  public 

Mr.  Starr  has  also  referred  to  the  question  of  wayleavcs 

di'  !i'.nu'  mains  in  private  roads,  i.e.  roads  dedicated  to 

but  repairable  by  the  owner.     Statutory  powers 

p  private  streets  and  roads  of  this  char.icter  are 

in  Section  13  of  the  Rlectric  Lighting  Act  1882, 

I  13  of  the   Kleclric  Lighting  (Clauses) 

■    viu-l)  private  streets  and  roads  which    , 

'I'd    to    break  up   is   usually    { 

case  of  a  Provisional  Order,    ' 

■cell.  It   not  scheduled,  can   be  broken   up 

,!  c.f  I'.i-  I'.ii  ird  of  Trade.     In  the  case  of  the 

I'owcr  A  •  t»  arc  ordinarily  scheduled, 

and  It  i»  .    i.    "ri'')    '"  "'^   Hoard  of  Tr.idc  for 

coHMrnt  1:  r.     The  procedure  laid  down  require- 

'■  and  pl.i:  '.cd  upon  the  owner. 

.'   within  i,s  rri|uire  that  any 

t|uc*liun>  lit  iclatiu.n  to  the  woikk,oi  as  to  compensation 


in  respect  thereof   shall  be  settled  by  arbitration.*      In  Mr 
view  of  what   I  have  already  stated   in  connection   with  ^""'"■^ 
wayleavcs   for    underground    cables    in    open    land   and 
private  roads  it  will,  I  think,  be  clc.v  that  I  am  thoroughly 
in  agreement  with  Mr.  Starr's  view>  on  this  question. 

While  on  this  subject,  I  should  like  to  c.ill  attention  to 
valuable  clauses  inserted  in  a  Bill  promoted  by  the 
Newcastle  and  Gateshead  Cias  Comp.mv  last  year,  vir. 
the  Newcastle-upon-Tyne  and  Oateshead  li.is  .\ct  ujift. 
These  clauses  arc  chiefly  designed  to  enable  the  laving  of 
mains  in  new  estates  where  streets  arc  laid  out  but  not  vet 
taken  over  by  the  local  authority,  and  are  as  follows  : — 

23.  Power  to  lay pifcs  in  frivale  streets — The  Company 
may  on  the  application  of  the  owner  or  occupier  of  any 
premises  within  the  limits  of  supply  abutting  on  or  being 
erected  in  any  streets  laid  out  but  not  dedicated  to  public 
use  supply  those  premises  with  gas  and  for  that  purpose" 
the  Gasworks  Clauses  Act  1847  shall  apply  as  if  Section  7 
of  that  Act  were  excepted  from  incorporation  in  this 
Act  or  the  recited  Acts. 

24.  As  to  private  streets. — (i)  The  local  authority  of  the 
district  within  which  any  street  not  repairable  by  the 
inhabitants  at  large  is  situate  shall  be  deemed  in  addition 
to  any  other  persons  to  be  persons  having  the  control  or 
management  of  such  street  for  the  purf>oses  of  the  pro- 
visions of  the  Gasworks  Clauses  Act  1847  with  respect 
to  the  break-ng  up  of  streets  for  the  purpose  of  laying 
pipes. 

(2)  For  the  purpose  of  this  section  the  expression 
"  street "  includes  a  street  laid  out  but  not  dedicated 
to  the  public  use. 

The  right  to  lay  underground  mains  over  railway  bridges 
is  not  very  satisfactory  even  where  undertakers  have  been 
granted  statutory  powers.  Some  railway  companies  have 
claimed  a  rent  for  a  wayleavc  wherever  the  cable  or  trough 
touches  the  bridge  structure,  on  the  ground  that  while  it  is 
clear  thai  the  undertakers  have  st.itutory  powers  to  lay 
their  mains  in  the  sub-soil  of  a  highway  repairable  by  the 
local  authority  and  carried  over  a  railway  by  mcuis  of  a 
bridge,!  if  the  cable  touches  the  bridge  structure  the  rail- 
way company  is  providing  means  of  support.  It  is  quite 
clear  in  any  event  that  the  bridge  structure  must  not  be 
interfered  with,;  and  this  is  frequently  an  impossibility 
because  of  the  w.ay  railway  companies  arc  .allowed  to  con- 
struct their  road  bridges  without  leaving  suHicient  depth 
of  sub-soil  to  allow  of  the  Living  of  mains  and  pipes  over 
them. 

As  regards  the  provision  of  means  of  support,  I 
believe  that  this  claim  is  one  wliich  cannot  be  legally 
substantiated. ; 

The  rresident.  Colonel  Ogilvic,  and  Mr.  Wigham  have 
cmphavi/ed  the  more  favourable  position  which  non- 
statutory undertakers  occupy  as  compared  with  statutory 
umleitakcrs  in  the  matter  of  creeling  overhead  wires  on 
private    property   and   across   roads    by   consents   of   the 

•  Ttic  liiiilrrtakrr  lanni"!  a«li   (••r  Arbilralinn.  ami  imlf»9  Ihc  "Wner 
1,1,,)  •  )t  tftiT»  i1i<   tn.«:l<i    S'  .iiltilrat'on  tlit  undcrtAki-r  niuftt  come  !■> 
-.itinn. 
Alt   1*47  incoriviratnl  witli  Electric 

lallun   I'.   Cta*Kiiw   and  Soiitli-Wcutem    K.iilway 

t   i.til  \aW  K...1W*)'  Cumrxiny  f,  Canlitt  Ga»  Company  (1907). 
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owners  of  the  adjoining  land.  Tliis  seems  at  first  sight 
"""■  unjust  and  unreasonable,  and  although  the  reasons  are 
quite  well  known  to  many,  they  may  be  of  interest  to 
others.  The  essential  difference  between  non-statutory 
and  statutory  undertakers  is  that  the  former  are  practically 
independent  of  all  State  regulation  and  control,  whilst  the 
latter,  for  reasons  quite  familiar  to  economists,  are  not. 
They  come,  therefore,  under  no  restrictions  whatever  in 
the  ordinary  way  from  the  Electric  Lighting  Acts,  and  are 
only  subject  to  the  general  law  in  so  far  as  it  affects  their 
operations.  Tlie  legal  position  is  this  :  Where  the  works 
of  a  non-statutory  undertaker  are  erected  on  private  land, 
the  owner  of  the  land  can  consent  to  the  placing  of  poles 
and  wires  on  his  land,  and  no  one  can  prevent  him  from 
exercising  or  delegating  the  right  to  use  his  private 
property  as  he  thinks  fit,  provided  always  that  he  thereby 
commits  no  nuisance  to  his  neighbours.  Across  public 
roads  the  position  appears  a  little  more  complicated,  but  is 
not  so  in  fact.  The  sub-soil  of  a  highway  dedicated  to 
public  use  remains  the  property  of  the  landowners  on  each 
side  of  the  road  who  own  up  to  the  centre  of  the  road. 
The  higliway  authority,  usually  the  local  authority  (but 
sometimes  a  county  council),  and  other  statutory  bodies 
such  as  electricity,  gas  and  water  undertakers,  have  only 
the  right  to  the  use  of  so  much  of  the  sub-soil  as  is  neces- 
sary to  enable  them  properly  to  discharge  the  duties 
imposed  upon  them  by  the  State,  such  as  the  maintenance 
of  a  road  surface,  the  laying  of  cables,  pipes,  sewers,  drains, 
manholes,  etc.,  and  no  more. 

In  addition,  a  landowner  not  only  owns  the  sub-soil  and 
all  it  contains  to  a  depth  which  is  only  limited  by  his 
coming  up  against  his  neighbour  from  the  antipodes  some- 
where about  the  centre  of  this  planet,  but  also,  in  theory  at 
least,  owns  the  air  up  to  the  limitless  depths  of  space.  He 
cannot,  however,  interfere  with,  or  break  up,  the  road 
surface  without  the  consent  of  the  local  authority,  nor,  on 
the  other  hand,  can  the  local  authority  claim  any  more  of 
the  air  space  above  the  highway  than  is  necessary  to 
enable  such  highway  to  be  used  as  a  highway. 

From  this  explanation,  it  is  quite  clear  how  it  is  that  a 
landowner  is  in  a  position  to  enable  a  non-statutory  under- 
taker to  exercise  rights  over  his  land,  and  over  public 
roads  without  the  consent  of  the  local  autliority  in  the 
manner  described  on  page  330  of  the  paper.  It  should, 
however,  be  mentioned  that  apart  from  the  adoption  of 
by-laws  under  Part  II  of  the  Public  Health  Amendment 
Act  iSqo,  and  in  London  under  the  London  Overhead 
Wires  Act  1891,'-  by  some  very  few  local  authorities,  which 
by-laws  regulate  and  dp  not  prevent  the  erection  of  over- 
head wires,  some  corporations,  e.g.  Manchester,  Southport, 
Darwen,  Blackburn,  etc.,  have  obtained  statutory  powers 
to  prevent  the  erection  of  overhead  wires  along  or  across 
streets  without  the  consent  of  the  corporation.  Generally 
speaking,  however,  outside  of  towns  and  villages  there  will 
be  found  to  be  no  restriction  whatever  to  prevent  the 
crossing  of  public  roads  with  overhead  wires  by  non- 
statutory undertakers.  At  the  same  time  there  may  be 
some  risk  of  interference  at  a  later  date  if  the  local 
authority  secures  powers  or  if  an  urban  authority,  or  with 
the  consent  of  the  Local  Government  Board  a  rural 
authority,  adopts  by-laws  which  the  overhead  wires  already 

♦  These  by-laws  do  not  .ipply  to  statutory  undertakers,  wlio  come 
under  the  Bo;ird  of  Trade  Regulations. 


erected  contravene  ;  but  a  non-statutory  undertaker  who  Mr. 
usually  only  wants  to  run  a  few  lines  and  not  a  general 
distributing  system*  can  well  afford  to  take  this  slight 
risk.  The  position  of'  non-statutory  undertakers  is  more 
favourable  to  them  in  another  direction  in  that  they  are 
not  compelled  in  many  cases  to  erect  or  lay  their  over- 
head lines  and  mains  in  accordance  with  Board  of  Trade 
Regulations.  It  is  true  that  under  Section  4  of  the  Electric 
Lighting  Act  1888  the  Board  of  Trade  may  serve  a  notice 
upon  such  undertakers,  requiring  that  their  lines  "  shall 
only  continue  to  be  used  in  accordance  with  such  con- 
ditions and  regulations  for  the  protection  of  the  public 
safety  and  of  the  lines  and  works  of  the  Postmaster- 
General  as  the  Board  or  Trade  may  by  such  notice  pre- 
scribe," yet  as  the  Board  of  Trade  are  usually  totally 
ignorant  of  the  existence  of  such  lines,  there  being  nothing 
to  compel  a  non-statutory  undertaker  to  communicate 
with  the  Boird  of  Trade  or  to  serve  a  notice  upon  them, 
the  usual  application  of  this  section  of  the  Act  follows 
only  after  an  accident  to  the  public  or  whenever  the 
Postmaster-General  requires  some  special  protection  for 
his  works.  This  cannot  by  any  means  be  considered  a 
satisfactory  state  of  things,  and  although  it  might  be 
thought  to  be  a  matter  of  little  or  no  concern  to  statutory 
undertakers,  it  effects  them  in  this  way,  that  accidents  to 
the  public  arising  from  bad  design  or  indifferent  workman- 
ship usually  result  in  new  and  more  stringent  regulations 
being  applied  to  statutory  undertakers,  and  also  because 
such  accidents  which  are  avoidable  reflect  generally  upon 
the  whole  industry  and  may  vitally  affect  its  development. 

Sir  William  Slingo,  I  am  pleased  to  note,  refers  to  the 
marked  difference  in  the  standard  of  workmanship 
between  large  electric  light  and  power  undertakers  on  the 
one  hand,  and  the  very  small  undertakers  on  the  otiier, 
and  although  he  does  not  say  so,  I  have  little  doubt  that 
the  smaller  undertakers  he  had  in  mind  would  in  the 
majority  of  cases  be  non-statutory  undertakers. 

Sir  William  Slingo,  Colonel  Ogilvie,  and  Mr.  Stubbs  have 
each  given  very  interesting  information  as  to  the  experi- 
ence of  the  Post  Office  in  the  matter  of  wayleaves  for 
overhead  telegraph  and  telephone  lines.  As  Colonel 
Ogilvie  points  out,  the  chief  requirements  of  the  Post 
Office  are  for  overhead  lines  along  roads  and  to  a  much 
lesser  extent  on  private  land,  whereas  the  requirements 
of  power  supply  undertakers  are  just  the  converse,  in 
that  their  overhead  lines  require  to  be  placed  mainly  on 
private  land,  and  outside  of  towns  or  villages — which  I 
have  specially  excluded  from  the  scope  of  the  paper — are 
but  infrequently  required  along  public  roads.  My  refer- 
ence to  the  satisfactory  powers  available  to  electricity 
supply  undertakers  on  public  roads  must  therefore  be 
limited  in  its  application  to  underground  mains.  Mr. 
Stubbs  foreshadows  that  the  Post  Office  engineer  will 
watch  that  the  Postmaster-General's  rights  shall  be  duly 
conserved  in  connection  with  any  legislation  proposed 
on  behalf  of  the  electric  power  authorities.  With  the 
experience  of  the  Electric  Lighting  Acts  before  me,  I  have 
no  doubt  whatever  in  the  matter.  If  landowners  literally 
own  the  earth  including  the  air  around  it,  up  to  the 
heavens  above  and   the  depths  beneath,  it  can   truly  be 

*  In  some  cases  overhead  distributing 'Systems  have  been  erected  by 
non-statutory  undertakers  in  this  manner.  Finchley  Electric  Light 
Co.,  Ltd.,  r.  Finchley  Urban  District  Council  (1903). 
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said  that  Ibe  Postmaster-General  la>-s  first  claim  to  the 
ij  much   of  cither   of   these   commodities  as  he 

I  :  tin-  cM.Thli-hnient  of  the  necessary  works  for 

'  has  lie  not  also  laid  first  claim 

!  11   electrical  purposes  and  to  the 

vcr>'  ether  itscli.  Vet  he  only  provides  one  form  of  public 
service.  I  have  no  fault  to  lind  with  this  arrangement  so 
long  as  these  powers  are  used — as  I  am  glad  to  say  they 
have  in  my  experience  generally  been  used — with  discre- 
tion and  with  a  due  sense  of  the  responsibility  which  they 
I        '  '       I'   ;         .leiits  officials   in   ensuring  tliat 

I  .  .cssary  hardship  is  imposed  upon 

•  :>  wliose  public  service  may  for  the  time 

I  lary  to  that  of  tlie   I'ost  Office,  but  may 

yet  rival  that  great  undertaking. 

Turning  to  the  more  detxitable  points  in  the  discussion, 
viz.  that  of  the  best  procedure  to  be  aimed  at  in  the  exercise 
of  compulsory  powers  for  expropriation,  the  views  of  the 
majority  of  the  speakers  arc  in  favour  of  the  powers  recently 
conferred  upon  the  FostnLosler-C'iencral  under  the  Tele- 
graph (Construction!  .^ct  1916  being  extended  to  electric 
light  and  power  undertakers.  I  share  Mr.  Wigham's 
doubts  as  to  whether  Parliament  would  consider  for  a 
moment  tlie  granting  to  electric  power  engineers  of  the 
right  to  say  they  intend  to  run  a  power  line  compulsorily 
on  any  particular  route,  although,  like  him,  I  should 
welcome  such  powers,  always  provided  that  they  were 
accompanied  by  some  guarantees  that  they  would  not  be 
abused,  as  all  powers  which  may  be  abused,  if  not  used 
rightly  usually  prove  in  the  long  run  to  be  a  hindrance 
rather  than  a  help.  We  must  not  forget  that  the  position 
of  the  Po^master-Gc-neral.  who  is  possessed  of  executive 
power,  is  very  different  from  that  of  electricity  supply 
undertakers  who  arc  subject  to  llie  control  of  the  Presi- 
dent of  the  Board  of  Trade,  who  himself  holds  the  execu- 
tive power.  P.irliament  might,  however,  quite  reasonably 
confer  upon  the  lioard  of  Trade  the  authority  to  make 
;i:  .      '  ■  ing  the  powers  of  this  .\ct  (with  suitable 

i:  o   the   construction   of   approved   electric 

I  public    utility.     In    my   opinion,  the 

u  Act,  especially  after  hearing  Colonel 

(Jgilvies  remarks  on  the  experience  of  the  Host  Oflice 
with  stipendiary  magistrates  and  eounlv  court  judges,  Ucs 
in  the  fact  that  these  constitute  precisely  the  tribunal  to 
whose  judgment  the  question  must  be  referred  in  the  first 
instance,  and  further  that  these  same  tribunals  have  also 
I"  I  the  determination  of  the  question  of  whether 

'    is  not  in   the   public  interest,  a  matter  upon 
V.  itcely   competent    to  adjudicate,   and 

■.  .My  result  in  widely  varying  decisions, 

V  (.  oionel  Ogilvic.     It  is  true  there  is  a  right  of 
<   'dcial  bodv,  vi^.  the  Kailw.iy  Commissioners, 
V.  lire  uniformity  of  practice  ;  but  if  frequent 

I   u  >  Ih:  made  to  this  body,  this  procedure  would 
!h;  found  to  be  too  cumbersome  and  costly  for 
i  lid   iiievilably   relapse  into 

'  i.n'iit  of  exorbitant  rents  as 

ng  the  niachinerv  pro- 

.1^  IS  now  often  the  case 

'  ■  tlic  compul<iofy  purchase  of  land  under  the 

■•  cry  fat  from  iH'ing  a»  likely  lo  prove 

-..    ■i.,K,-.i) j.piy  iindcrlakrrs  as  tli.il  contained  in  the 


recommendations  of  the  Land  Enquiry  Committee,  which  Mr. 
places  the  determination  of  the  rent  in  the  first  place  in  ^■"""»- 
the  hands  of  the  district  valuer,  i.e.  llie  district  valuer  for 
the  purpose  of  the  duties  on  l.ind  values,  a  State  ofticial 
with  a  knowledge  of  local  v.ilues  and  unbiased  in  favour 
of  either  the  undertaker  or  the  landowner,  together  with  a 
right  of  appeal  to  a  judicial  body  comprising  expert 
members.  Their  simplicity  and  cheapness,  in  my  opinion, 
stamp  these  recommendations  as  superior  to  any  of  the 
methods  already  in  force  or  suggested.  It  is  further 
important  to  note  that  the  decision  as  to  the  exercise  of 
compulsory  powers  lure  rests  with  the  Government 
Department  concerned,  in  our  case  the  Board  of  Tr.ide. 
I  think  that  the  Institution  and  other  bodies  who  will  be 
invited  to  give  evidence  before  the  Departmental  Com- 
mittee of  the  Board  of  Trade  should  consider  this  matter 
very  carefully  with  a  view,  if  thought  fit,  of  strongly 
endorsing  the  Land  Knquiry  Committee's  recommendations  ■ 
and  supporting  any  legislation  v^•hlch  may  be  under  con- 
sideration for  giving  effect  to  these  recommendations. 
Having  carefully  considered  the  trend  of  the  discussion,  I 
would  make  the  following  suggestion  as  possibly  not 
beyond  the  possibility  of  attainment,  i.e.  that  the  recom- 
mendations of  the  Land  Knquiry  Committee  be  acted  upon 
so  f.ir  as  present  machinery  e.xists,  and  that  the  Clovern- 
ment  Department  concerned,  viz.  the  Board  of  Trade, 
should  be  authorized  to  make  an  order  for  a  compulsory 
waylcave.  that  the  rent  be  fixed  in  the  first  place  by  the 
district  valuer,  and  that  a  right  of  appeal  be  allowed  to  the 
Railway  Commissioners. 

Wc  must  always  lu-ar  in  mind  that  the  individual  sums 
involved  in  the  case  of  wayleave  rents  will  usually  be 
small,  often  under  ^.'lo,  and  very  seldom  exceeding  £20 
per  annum  in  total  to  any  one  owner  in  any  given  case  on 
a  particular  route.  Taken  by  themselves,  these  rents  may 
appear  unimportant  :  but  on  account  of  the  numlx-r  of 
different  owners  concerned,  and  separate  routes  and 
therefore  cases  in  the  aggregate,  they  assume  quite 
different  proportions.  It  is  therefore  most  cssenti.al  that 
anv  m.ichinery  provided  must  be  so  readily  accessible 
and  inexpensive  th.it  supply  undertakers  will  not  hesitate 
to  use  it,  not,  I  m.iy  remark,  entiiely  in  their  own  interest, 
but  in  the  much  more  important  interest  of  the  national 
welfare.  This  is  the  first  consideration  ;  the  second  is 
promptitude  in  obtaining  a  decision  from  all  concerned. 
It  is  not  unlikely  that  my  suggestion  that  a  time  limit 
should  be  imposed  upon  a  Ciovernment  department  will 
somewhat  sliock  oflicial  circles,  but  the  time  for  dilatori- 
ness  in  matters  of  importance  to  the  industries  of  the 
nation  surely  came  to  an  end  with  the  outbreak  of  war  on 
the  4lh  August,  i()i4.  Let  it  be  observed  in  connection 
with  my  suggested  lime  limit  of  one  month  upon  replies 
from  landowners  and  occupiers,  that  already  a  reply  must 
be  given  by  them  within  three  weeks  under  Section  15  of 
the  Kleclric  Lighting  (Claiisesl  Act  in  the  case  of  private 
ro;ids  unless  they  arc  prepared  to  agree  to  the  proposed 
works. 

As  to  my  suggestion  in  tin  paper,  par.  {<n,  page  ^yft,  on 
the  question  o(  fixing  the  compensation  rent,  I  think  it  is  a 
foregone  conclusion  that  unless  some  other  method  is 
strongly  pressed  upon  the  Board  of  Tr,ide  the  Depart- 
ment would,  following  precedents,  decide  either  to  apply 
Section  1  (j)of  the  Kleclric  Lighting  Act   njoo  which  in- 
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corporatcs  the  provisions  of  the  Lands  Clauses  Acts  for 
the  compulsory  purchase  of  land  (including  easements),  or 
to  refer  the  matter  to  arbitration  under  Section  28  of  the 
Electric  Lighting  Act  1882.  There  are  already  no  less 
than  20  different  matters  of  dispute  in  the  Electric  Light- 
ing Acts  which  may  be  referred  to  arbitration  under  this 
last  clause. 

Several  speakers  have  referred  to  the  proposed  Supply 
of  Electricity  Bill,  and  to  the  clause  which  has  been  incor- 
porated in  that  draft  Bill  dealing  with  the  question  of  waj'- 
leaves.  I  may  say  that  I  am  in  ignorance  of  the  contents 
of  this  Bill, '■  and  that  while  the  information  was  privatel}' 
accessible  to  me,  I  have  purposely  refrained  from  seeking 
it,  preferring  to  bring  out  my  own  views  for  the  purpose  of 
creating  a  free  discussion,  which  views  may  or  may  not 
coincide  with  those  in  the  proposed  Bill.  The  views  ex- 
pressed in  the  paper  therefore  must  not  in  any  way  be 
taken  as  an  expression  of  the  views  of  either  an  Institution 
Committee  or  of  the  Municipal  and  Power  Companies' 
Associations.  All  private  Bill  legislation  being  debarred 
at  the  present  time,  the  only  means  of  getting  anything 
through  Parliament  until  the  War  is  over,  and  for  some 
time  afterwards,  is  b}'  means  of  a  Government  measure ; 
and  the  recently  appointed  Departmental  Committee  pro- 
vides the  obvious  channel  to  effect  this.  Mr.  Williams 
would  like  to  see  in  any  recommendations  which  are  made 
some  reference  to  the  Electricit\-  Board  which  he  advocated 
in  his  paper  to  the  Institution  last  year.f  There  is  no  diffi- 
culty that  I  can  see  in  Parliament  delegating  some  of  the 
duties  now  performed  by  the  Board  of  Trade  to  such  a 
Board  if  and  when  it  is  established,  but  I  scarcely  think 
that  this  Board  would  be  a  proper  body  to  undertake  the 
duties  intended  to  be  placed  in  the  hands  of  the  Judicial 
Land  Commissioners  advocated  by  the  Land  Enquiry 
Committee,  duties  which  have  to  do  solely  with  land  and 
not  with  electricity  supply. 

Mr.  Kerr  has  referred  to  the  question  of  the  fating  of 
electric  mains.  I  have  often  been  impressed  by  the 
number  of  people  who  arc  in  complete  ignorance  of  the 
fact  that  electricity  supply  undertakers  are  rated  upon  their 
mains,  and  who  moreover  express  surprise  when  they  are 
told  that  undertakers  have  to  pay  rates  for  their  mains  even 
when  they  are  placed  on  private  or  agricultural  land.  I 
quite  agree  with  Mr.  Kerr  that  the  present  basis  of  assess- 
ment for  rating  of  electric  mains  requires  revision.  There 
is  no  sufficient  reason  to  my  mind  if  a  railway  company  is 
onl}'  assessed  upon  one-fourth  of  the  annual  value  of  its 
lines  and  sidings  and  any  land  providing  means  of  support 
thereto  (but  excluding  stations  and  buildings),  why  the 
mains  of  an  electricity  supplj'  undertaking  should  be 
assessed  on  any  higlier  basis.  The  reason  for  the  partial 
exemptions  mentioned  in  the  clause  quoted  b)'  Mr.  Kerr 
appears  to  be  tliat  sanitar}'  arrangements  are  made  chiefly 
for  the  benefit  of  houses  and  buildings,  while  the  properties 
enumerated  do  not  receive  the  same  benefit.  J  I  think  this 
is  a  matter  which  the  electrical  industry  should  certainly 
bring  to  the  attention  of  the  Local  Government  Board  with 
a  view  to  its  extension  to  electric  mains. 

I  have  to  thank  Mr.  Welbourn  for  calling  attention  to  an 

*  Since  completing  tliis  reply  I  h.ive  received  Mr.  Chamen's  coni- 
nuinication  wiricli  gives  full  details  of  this  clause.  I  shall  deal  with 
his  communication  in  the  June  Number  (No.  267)  of  the  yoiinxil. 

f  Jotinittl  I.E.E..  191O,  vol,  54.  p.  5S1. 

J  ''  Encyclopedia  Britannica,"  vol.  9,  p.  439  (India  paper  edition). 

Vol.  55. 


oversight  in  omitting  to  refer  on  page  331  to  the  necessity  Mr. 
for  a  time  limit  in  the  matter  of  an  appeal  to  the  Board  of  ^""'"• 
Trade  against  the  unreasonable  withholding  of  a  consent 
by  a  local  authority.  I  think  it  follows  clearly  from  my 
previous  remarks  that  I  consider  this  quite  as  essentitfl  in 
the  case  of  a  consent  as  in  that  of  a  wayleave.  In  the 
case  described  under  paragraph  3,  out  of  the  total  delay  of 
9  months,  5  months  represent  the  time  taken  up  bj'  the 
Board  of  Trade  in  considering  and  deciding  in  the  appeal. 
Mr.  Welbourn  has  also  touched  upon  what  I  expected 
might  prove  to  be  a  most  contentious  point  in  the  discus- 
sion, viz.  that  of  "  public  utility."  The  "  public  utility  "  of 
a  main  or  supply  in  the  sense  in  which  it  is  used  in  the 
paper  must  not  be  confused  with  its  "  public  convenience," 
and,  where  property  rights  have  to  be  interfered  with,  the 
"  public  necessity  "  must  be  clear  and  unquestionable.  In 
a  general  sense,  all  electric  supply  mains  of  a  public 
supply  undertaking  arc  of  "  public  utility,"  but  they  are 
clearly  not  all  of  equal  "  public  necessity."  I  have  already 
stated  my  views  (page  360)  on  the  question  of  supply 
undertakers  having  the  right  to  set  in  train  machiner}'  for 
the  exercise  of  compulsory  powers  without  a  reference  to 
the  Board  of  Trade,  and  as  for  the  suggestion  that  the 
onus  of  disproof  of  the  public  utilit}-  of  a  main  should  be 
placed  on  the  owner  of  tlie  land,  that  in  mv  opinion  would 
be  viewing  the  matter  in  a  wrong  perspective.  The  rights 
of  private  property  must  be  paramount  until  it  can  be 
show'n  that  they  are  contrary  to  the  public  interest.  Thus 
we  see  that  the  Telegraph  (Construction)  Act  1916  places 
upon  the  Postmaster-General  the  onus  of  proof  "  that  such 
refusal  is  contrary  to  the  public  interest." 

Mr.  Grant  has  dealt  with  the  subject  of  wayleaves  from 
a  totally  different  point  of  view  from  other  speakers,  viz. 
that  of  the  rating  of  site  values  and  the  unrating  of 
improvements."*  As  I  understand  him  he  is  not  in 
favour  of  direct  compulsory  measures  but  prefers  the 
more  subtle  application  of  the  principle  of  self-interest.  I 
question  ver\-  much  whether  in  this  case  the  method  would 
prove  very  effective.  As  I  have  pointed  out,  the  rents 
usually  involved  in  any  given  case  are  comparatively 
small,  although  the  capital  sums  in  the  case  of  a  "  hold  up  " 
are  not,  and  I  cannot  conceive  a  landowner  with  a  rent 
roll  in  many  cases  running  into  four,  five,  or  six  figures, 
being  seriously  influenced  into  granting  a  wayleave  by  any 
considerations  such  as  these. 

I  thank  Messrs.  Sayers  and  Kingsbury  for  their  con- 
tributions to  the  bibliography  of  the  subject,  and  I  trust  if 
other  members  can  fill  the  lacunas  in  the  paper  in  respect 
of  the  laws  on  expropriation  in  other  countries,  that  they 
vnll  kindly  forward  them  to  the  Secretary  for  addition 
to  the  records  of  the  Institution  and  for  the  benefit  of  all 
interested. 

Mr.  Kingsbury  also  referred  to  the  report  of  a  Parlia- 
mentar)-  Committee  issued  in  1885,  and  opines  that  if  it 
has  taken  30  j-ears  for  the  Post  Oftice  to  obtain  the  powers 
recommended  by  this  Committee,  it  will  take  a  consider- 
able time  for  similar  powers  to  be  carried  through  Parlia- 
ment by  electricity  undertakers.  I  regret  that  I  cannot 
share  his  views,  as  this  would  ignore  all  the  pioneer  work 
in  educating  Parliament  and  the  public,  which  was  under- 
taken by  the  Post  Office  and  others  during  those  years. 

*  These  questions  are  discussed  very  fully  in  the  Land  Enquiry 
Committee's  Report,  vol.  2,  p.  154. 
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Ir, 

'enter. 


!-<.•;  tnc  point  out  that  the  fir>t  measure  bearing  on  this 
matter  was  carried  in  l8<)i.  only  seven  years  later  than 
the  report  m  question.  This  was  succeeded  by  a  further 
measure  in  1908,  and  lastly  by  tlie  more  recent  one  of  last 
year.  Kach  of  these  Acts,  as  indicated  in  the  paper,  show 
ivc  rcl.ixation  of  restrictions,  and  I  think  un- 
(Miint  to  a  slow  but  steadily  growing  apprccia- 
Ik::  ..!  ;iic  relative  import.ince  of  public  versus  private 
iir.iic>ls  by  those  concerned.  In  conclusion,  I  do  not 
think  it  can  fairly  be  laid  to  my  charge  that  of  being  an 
undue   optimist/   but    I   am   not    insensible   of   the    fact 


I  w  i*.  lierc  taken  *>f  the  rijjlits  apprt)jiriatc  to 

ii'in  in  mure  dcmi>cratic  countries, 

'  'ur  t)cing  able  to  secure  greater 

■     -.xAv    within     our     gcneralitm." — C. 

to  Newcastle  l»ca]  Section.  Jcumttl 


that  for  close  upon  three  ye.irs  public  opinion  has  been  Mr. 
moulded  in  the  severest  school  tliat  ever  fasliioncd  a 
gcner.itiun  of  people,  and  that  possibly  one  of  the  greatest 
changes  which  will  emerge  from  the  stupendous  conflict 
which  is  shaking  civilization  to  its  very  foundations  is  a 
truer  and  wider  recognition  of  the  ethical  principles  that 
the  welfare  of  the  community  is  more  important  than  the 
profits  of  individual,  that  private  liberties  and  privileges 
should  give  place  to  the  public  weal,  and  tliat  the  owner- 
ship of  wealth  confers  duties  as  well  as  rights. 

It  is  in  this  deeper  and  more  hopeful  sense  and  under 
the  stimulus  of  a  newly  awakened  national  spirit  that  I 
perceive  public  opinion  is  becoming  rapidly  more  en- 
lightened and  instructed,  and  although  the  old  prejudices 
die  hard,  I  am  confident  that  they  must  speedily  yield, 
if  not  earlier  then  under  the  moral  and  economic  pressure 
of  post-War  conditions. 
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{Pnpcr  nceivcil  iQ  December,  1916  ;  rend  before  the  Yorkshire  Local  Sectiox  21  February,  before  the  Manchester 
Local  Section  27  February,  and  before  the  Scottish  Local  Section  3  Afril,  1917.) 


The  importance  of  specifications  to  the  purchaser,  the 
contractor,  and  the  engineer,  can  hardly  be  overestimated, 
as  the)'  form  the  basis  of  contracts  and  should  include 
a  concise  description  of  the  purchaser's  requirements  so 
as  to  enable  orders  to  be  placed  in  a  business-like  way 
for  the  plant  or  material  required. 

Specifications,  whether  long  or  short,  should  contain  all 
salient  facts  necessary  for  the  contractor  to  carry  out  his 
work,  and  should  include  a  lucid  description  of  the  condi- 
tions under  which  the  contract  is  to  be  completed. 

Specifications  for  work  of  some  magnitude  usually 
consist  of  three  distinct  parts,  namely,  general  con- 
ditions, detailed  technical  requirements,  and  a  bill  of 
quantities. 

General  conditions. — The  general  conditions,  which 
are  of  the  nature  of  standing  orders,  are  usually  of  a  legal 
character.  They  are  of  great  weight  and  importance,  and 
are  usually  drafted  by  solicitors  or  town  clerks.  In  many 
cases  they  have  grown  to  imposing  documents,  and  unfor- 
tunately have  sometimes  formed  a  weapon  which  has  been 
used  to  the  detriment  of  the  industry  generally,  since  they 
have  resulted  in  orders  being  sent  abroad  where  the  foreign 
contractor,  owing  to  his  distance  from  this  country,  has 
escaped  the  results  of  several  of  the  conditions. 

The  British  Electrical  and  Allied  Manufacturers'  .Associa- 
tion have  been  engaged  for  the  last  few  vears  in  framing 
an  independent  set  of  conditions.  These  favour  the  manu- 
facturer's rather  the  purchaser's  interests,  and  up  to  the 
present  have  not  received  general  acceptance.  The  Insti- 
tution have  drawn  up  and  issued  an  independent  set  of 
conditions,  and  as  the  committee  entrusted  with  the  work 
comprised  representatives  of  both  manufacturers  and  en- 
gineers, the  result  has  been  a  set  of  conditions  which 
should  be  generally  equitable  to  both  parties. 

Whatever  general  conditions  are  adopted,  I  am  strongly 
of  the  opinion  that  all  matters  in  dispute  should  be  referred 
to  independent  arbitration,  provided  that  the  progress  of 
the  w'ork  is  not  prejudiced  thereby  ;  that  is  to  say,  the  two 
sides  should  agree  as  to  what  points  are  in  dispute,  and 
these  can  then  be  the  subject  of  independent  arbitration 
after  the  work  is  completed. 

Detailed  technical  requirements. — This  part  of  the  specifi- 
cation is  entirely  the  engineer's  province,  and  in  it  he  has 
clearh'  to  define  his  requirements.  Before  he  can  do  so  he 
must  make  up  his  mind  as  to  what  he  really  does  want,  and 
having  done  ^o  he  should  lay  down  his  requirements  in  the 
simplest  language. 

There  should  be  no  necessity  in  modern  specifications 
for  the  threadbare  phrase  :  "  Notwithstanding  any  errors 


or  omissions  the  work  omitted  shall  be  included  as  though 
specifically  mentioned." 

Bill  of  giiantiiics. — Wherever  possible  the  work  should  be 
scheduled,  and  a  complete  list  of  quantities  closely  esti- 
mated and  arranged  for  pricing  up  should  be  given.  In 
this  bill  of  quantities  should  be  included  any  provisional 
sums  for  e.xtra  work  or  for  any  special  apparatus  which  it 
may  be  desired  to  purchase. 

Having  very  brie.ly  outlined  the  skeleton  of  a  specifica- 
tion, a  few  examples  may  now  be  given  of  various  speci- 
fications drafted  during  the  last  dozen  years  for  various 
classes  of  engineering  work  required  for  a  large  public 
body  who  was  the  purchaser.  In  considering  these 
specifications  the  attitude  of  the  purchaser  must  not  be 
forgotten.  That  attitude  might  perhaps  be  defined 
thus  :— 

"  The  market  includes  a  large  number  of  willing  and 
eager  suppliers  anxious  for  our  contracts  at  reasonable 
prices ;  the  engineer  shall  therefore  draft  a  clear  and 
concise  specification  free  from  all  looseness  of  thought 
or  description,  or  errors  of  any  character.  When  the 
tenders  are  received  to  such  a  specification,  we  can, 
without  misgiving  of  any  kind,  accept  the  lowest  tender, 
no  matter  from  whom  it  maj'  be,  and  in  order  that 
we  may  know  that  the  prices  tendered  are  reasonable, 
the  engineer  shall  submit,  with  the  tenders,  and  before 
they  are  opened,  his  estimate  of  the  cost  of  the  work." 

The  specifications  described  below  have  all  been  drafted 
to  suit  such  a  general  condition  of  affairs  as  far  as  it  is 
possible  to  do  so,  and  those  members  who  do  not  agree 
with  the  drafting  of  the  specifications  must  bear  in  mind 
the  conditions  under  which  they  were  drawn  up. 

One  essential  difference  between  a  specification  for 
machinery  of  standard  design  and  a  specification  for,  say, 
civil  engineering  or  architectural  work,  should  at  once  be 
observed.  \o  engineer  with  whom  the  author  is  acquainted 
is  so  bold  as  to  issue  working  drawings  of,  say,  a  turbo- 
generator, high-speed  engine,  or  watertube  boilers  which 
he  may  desire  to  purchase.  On  the  other  hand,  nearly  all 
civil  engineering  and  architectural  work  is  the  design,  and 
is  carried  out  to  the  detailed  drawing  of  the  civil  engineer 
or  architect.  But  even  in  this  branch  of  the  profession 
the  old  order  is  changing  with  newer  methods  of  construc- 
tion, such  as  structural  steel  work,  reinforced  concrete, 
etc.,  which  requires  certain  of  the  designs  to  be  left  to  the 
specialists  who  handle  this  type  of  construction,  and  there 
is  but  little  doubt  that  in  the  future  the  change  will  become 
more  pronounced 
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er     his    the    choice    of    two    methods    of 

1  hcsc  arc  : — 


(I )  Bv  i<<!iin5  dr!sili"<1  Hr^vrinsis  of  hi<  requirements  and 

■   the-  design,  leaving 

I  ,  Ic  for  the  material 

and  workmanship. 
(;i  To  define  the  conditions  and  results  to  be  obtained, 

leaving  the  contractor  to  m^t  the  requirements 

with  his  standard  products  if  they  arc  suitable. 

If  the  engineer  specifics  the  conditions  and  the  results 

required,  and  leaves  the  manufacturer  to  offer  his  standard 

designs  the  results  will  generally   be   satisfactory  if  the 

engineer  is  allowed  to  select  as  his  contractors  a  firm  of 

ncc  and  of  ripe  experience.     Unfortunately. 

: coder  of  such  a  firm  is  seldom  the  lowest, 

premises  were  that  the  lowest  tender  should  be 

Again  the  manufacturer  has  not  always  extensive  experi- 
ence of  the  running  of  his  own  pLint  or  tlic  opportunity  of 
rcclif\-ing  the  weak  features  of  a  design,  which  use  alone 
will  discover.  Also  it  is  not  uncommon  for  some  manu- 
facturers to  perceive  with  difficulty  any  defects  in  their 
products.  The  defects,  when  investigated,  not  infrequently 
are  fo'.ind  to  be  due  to  an  inexperienced  draughtsman,  or 
to  i!  'ce  in'.truction>  not   reaching   the    sliops  in 

a  cU  r  to  poor  workmanship  or  material. 

The  following  are  the  salient  features  of  a  number  of 
recent  specifications. 

Coal. 

!n  a  large  generating  station  having  a  good  load  factor, 
;)c   units,   good    superhc.it   and   condensing 
1  coal  at  normal  prices,  the  generating  costs 
per  unit  may  be  taken  to  be  as  follows  : — 


Silarie-i  and  wages 

...     o-ou>d 

Coal  and  ashes         

...     o  i6oJ 

Oil,  waste,  and  stores         

...     o'0O4d 

Repairs  to  plant  and  buildings     ... 

...      0'0I2d 

Total      

...       02O(Mi 

Coal  and  ashes  thus  represent  7X  per  cent  of  the  total, 

i.c  out  of  every  sovereign  spent  in   the   station    15s.  6d. 

is  required   for  the   supply  of  coal  and  the  removal  of 

ashcv   excluding    for    the    moment    questions  of   capital 

With  the  present  high   prices  of  coal  the  pro- 

now  even  liiylicr. 

■     desirability  of  buying  coal 

i  with  free  power  to  purchase 

ivith  plenty  of  storage  capacity  for 

i'  .        .  '  i|,  will  proh.ibly  buy  most  cheaply 

by  picking  up  "  spot  lotn"  where  available,  and  especially 

at  or   near  a  port,  but  of  course  such  conditions  do  not 

apply  to  present  timc«. 

^V'  '  '        .  'intract    some    (orni   of    scientific 

*pe'  where  lot.ililv. mil  iMrciinislances 

I'cd  below 

inner.     As 

'I  in  this  way,  it  may 

\'\  the  onlv  true  lest, 

namely  rspcricncc. 


Roughly  the  specification  may  be  said  to  contain  and  set 
out — 

Quantity  required,  viz.  165,000  tons  per  annum  ; 
Minimum  quality  to  be  accepted,  viz. 

Cilorific  value  must  not  be  less  than  11,000  B.Th.l'. 

Moisture  must  not  exceed   14  ".„  for  washed  nuts  or 
g  %  for  unwashed  nuts. 

Small  coal  must  not  exceed  30  %. 

Ash  must  not  exceed  15  %. 

Delivery  by  steamer,  and  the  berthing  conditions  are  also 
set  out. 

Methods  of  sampling  are  given  in  detail,  but  in  later 
specifications  the  final  sampling  was  done  by  a  motor- 
driven  crusher  and  sampler. 

Methods  of  testing  are  then  specified,  namely — 

(a)  For  small  coal,  through  a  sieve   with  a  mesh  §  in.- 

square, 
(fr)  Calorific  value  by  Mahler  bomb  calorimeter, 
(c)  Moisture  after  drying  at  a  tempcr.ilure  of  from  104' 

to  III'  C. 
(rf)  Ash  determined  by  ignition  at  a  low  red  heat. 

When  tendering,  the  contractors  arc  requested  to  state 
both  the  price  and  the  values  offered  of  the  following 
particulars  :— 

(  (ii)  Calorific  value  in  British  thermal  units. 

(1)    Moisture  in  percentage  by  weight. 
:  (f)   Small  coal  „  „ 

(£)  Ash 

I        These   values   must    not    be    inferior   to   the   minimum 

'    x-alucs  allowed,  as  already  described. 

The  specification  provided  for  the  adjustment  of  the 
price  paid  for  any  particular  cargo  in  accordance  with  the 
values  actually  obtained  for  thai  cargo,  the  .idjustment 
being  made  .is  set  out  below. 

"  Should  the  quality  of  the  coal  in  any  cargo,  .is  ascer- 
tained by  samples  tested,  be  found  different,  as  regards 
calorific  value,  moisture,  small,  or  .ish  from  the  values 
offered  in  the  schedule,  the  prico  or  sums  payable  as 
aforesaid  shall  be  varied  in  the  manner  following,  viz. — 
"(<»)  If  the  cilorilic  value  be  greater  than  the  number 
of  British  thermal  units  per  pound  offered  in  the  Schedule, 
the  price  per  ton  shall  be  increased  in  the  same  percentage 
ratio  as  the  increase  in  the  calorific  value. 

"  (/>)  If  the  calorific  value  be  less  than  the  number  of 
British  thermal  units  per  pound  offered  in  the  Schedule, 
the  price  per  ton  shall  be  decreased  in  the  same  percentage 
lalio  as  the  decrease  in  the  calorific  value.  I'loviilcd 
.always  th.it  the  Council  shall  have  the  right  to  reject  the 
whole  c.irgo  il  the  calorific  value  be  less  than  it,ooo 
British   thcrm.il    units   per   pound. 

"  (f)  If  the  moisture  be  less  by  weight  than  the  figure 
offered  in  tlic  .Schedule,  the  weight  of  the  coiil  to  be  paid 
for  shall  be  increased  beyond  thequanlity  actually  weighed 
out  by  a  percentage  equal  to  the  percent.ige  decrease  of 
moisture. 

"  (</)  If  the  innisliirc  cxceeil  bv  weiglil  the  figure  offered 
in  the  Schedule,  the  weight  nl  the  eo.il  to  be  paid  for  shall 

I    be  del  le.isn)  ln-lnw  the  (]u»iililv  .iclnally  weighed  out  by  a 

j   percentage  c<)iial  to  the  percentage  increase  tif  moisture. 

I    Provided   always   that    the  Council   sh.ill   have   the   right 
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to  reject  the  whole  cargo  if  the  moisture  exceed  14  per 
cent  by  weight  for  washed  nuts  or  9  per  cent  by  weight 
for  unwashed  nuts. 

"  {e)  If  the  proportion  of  small  coal  in  either  singles  or 
doubles  be  less  by  weight  than  the  figure  offered  in  the 
Schedule  when  determined  in  the  manner  set  out  in 
Clause  No.  10  of  this  Specification,  the  weight  of  the  coal 
to  be  paid  for  shall  be  increased  beyond  the  quantity 
actually  weighed  out  by  a  percentage  equal  to  one-quarter 
of  the  percentage  decrease  of  small  coal. 

"  (/)  If  the  proportion  of  small  coal  in  either  singles  or 
doubles  e.xcceds  by  weight  the  figure  offered  in  the 
Schedule,  wlien  determined  in  the  manner  set  out  in 
Clause  10  of  this  Specification,  the  weight  of  the  coal  to  be 
paid  for  shall  be  decreased  below  the  quantity  actualh' 
weighed  out  by  a  percentage  equal  to  one-quarter  of  the 
percentage  increase  of  small  coal.  Provided  always  that 
the  Council  shall  have  the  right  to  reject  the  whole  cargo, 
if  the  proportion  of  small  coal  exceeds  30  per  cent  by 
weight. 

"(^1  If  the  percentage  of  ash  when  determined  in  the 
manner  set  out  in  Clause  No.  10  of  this  Specification  be 
less  than  the  figure  offered  in  the  Schedule,  thenet  rate  per 
ton  of  coal  shall  be  increased  by  one  penny  for  every  one 
per  cent  reduction  in  ash. 

"  (/;)  If  the  percentage  of  ash  when  determined  in  the 
manner  set  out  in  Clause  No.  10  of  this  Specification  be 
more  than  the  figure  offered  in  the  Schedule,  the  net  rate 
per  ton  of  coal  shall  be  reduced  by  one  penn}-  for  every 
I  per  cent  increase  in  asli.  Provided  always  that  the 
Council  shall  liave  the  right  to  reject  the  whole  cargo  if  the 
proportion  of  ash  exceeds  15  per  cent." 

The  adjustment  may  appear  somewhat  cumbrous,  but 
in  practice  is  not  found  to  be  so,  and  an  actual  copy  of  an 
invoice  worked  out  in  detail  is  set  out  below. 

Cargo  of  Scotch  Xiits. 
Weighed  on  delivery  1,447  tons  10  cwt. 

Dift'erence 

+  5-3 
—  4'45 

+  579  =  4'56  % 
+  1-47  % 
Basis  price  for  quality  tendered  15s.  lod.  per  ton. 

T.       cwt,    qr. 

Coal  as  weighed  ...         ...     1,447  10    o 

Deduct  for  4-45  %  moisture  ...  64     8     i 

1.3S3     I     3 
.■^dd  for  small  J  (5-3)  =  1-325  %       ig     3     2 


Values  determined  by 

Values  ottered 

analysis 

in  tender 

Small        1470  % 

20% 

Moisture   13-45  % 

9% 

Cal.  Val.,  13,070  B.Th.U. 

12,500 

.\sh             8-53  % 

10  % 

1,402 


Add  for  calorific  value  4-56  %... 
Add  for  ash  i-47d.  per  ton 


£ 

s. 

d. 

1,110 

2 

0 

50 

12 

5 

8 

17 

4 

;£l,l69     12        3 


Note:  Price  at  net  (tendered)  rate  of  15s.  lod., 
i.e.  1,447  to"s  10  cwt.  at  15s.  lod.  would 
have  been        .£^1,145  i^ 


Bonus  on  the  cargo 


£23  13 


The  reasons  for  the  adjustments  of  prices  are  fairly 
obvious. 

The  price  varies  directly  as  the  calorific  value,  and 
inversely  as  the  percentage  of  moisture.  As  regards  small 
coal,  for  each  4  per  cent  increase,  the  rate  is  diminished 
I  per  cent. 

The  ash  is  indirectly  allowed  for  bj-  diminished  calorific 
value,  but  a  further  penalty  of  one  penny  per  ton  for  each 
one  per  cent  increase  over  the  standard  figure  is  deducted 
to  cover  the  cost  of  conveying  the  ashes  a\va\'  by  barges. 

As  the  coal  tendered  by  different  contractors  may,  and 
usuallv  does,  varv  in  value,  the  rates  per  ton  offered  cannot 
be  directly  compared  without  adjustment  to  a  common 
basis  of  "  standard  coal "  which,  for  the  purpose  of 
comparing  tenders,  was  taken  at  : — 

Small  20  % 

Calorific  value  12,500  B.Th.U. 

Moisture  9  % 

Ash  10  % 

I  After  the  comparison  had  been  made  and  the  tenders 
awarded,  all  further  adjustments  for  payment  were  made 
i    in  a  similar  manner  to  the  example  given. 

The  volume  of  business  dealt  with  by  specifications  of 
•  the  character  described  was  100,000  tons  in  1906,  increas- 
ing year  by  year  to  160,000  tons  in  1915.  This  necessitated 
the  removal  from  the  boiler  house  of  from  10,000  tons  to 
16,000  tons  of  ashes  per  annum. 

The  coal  usually  purchased  under  these  specifications 
was  Scotch  washed  nuts,  shipped  from  various  ports  on 
the  Firth  of  Forth,  and  Yorkshire  washed  nuts,  shipped 
from  Goole.  The  Yorkshire  coal  has  the  higher  calorific 
value,  but  when  burnt  under  watertube  boilers  it  was 
found  to  be  more  destructive  of  the  brickwork  seatings. 

If  the  recovery  of  by-products  becomes  practicable  in  a 
power  station,  modifications  in  the  specification  for  coal 
will  no  doubt  become  necessary'  to  suit  the  nitrogen 
contents  of  the  fuel. 

In  passing,  it  might  be  remarked  that  a  specification  for 
fuel  is  somewhat  unique,  having  nothing  quite  analogous 
to  the  ordinary  run  of  civil  engineering  or  architectural 
practice. 

The  specifications  have  enabled  purchases  to  be  made 
in  the  open  market  for  the  past  10  years  without  giving 
rise  to  a  single  dispute  as  to  the  value  of  the  coal  deter- 
mined on  delivery  and  for  which  the  price  was  adjusted 
as  shown  in  the  example  given. 

L.4YIXG  Cable  Conduits. 

In  a  large  underground  electrical  distribution  system 
the  cables  are  either  drawn  in  or  laid  solid,  and  both 
systems  have  their  advantages. 

For  a  large  town  with  expensive  surface  reinstatement, 
the  solid  system  is  unsuitable  ;  whilst  for  an  urban  district 
the  draw-in  system  is  too  costly. 

The  work  of  laying  cable  ducts  is  very  similar  in 
character  to  that  of  laying  gas  or  water  pipes.  The 
method  adopted  by  one  of  the  Government  Departments 
was  to  pay  a  fixed  rate  per  lineal  j-ard  of  work  actually 
carried  out,  the  contractor  taking  the  risk  of  difficult  work 
and  having  to  stand  the  loss  of  work  partially  completed 
but  abandoned  owing  to  obstructions  encountered  later. 
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Such  a  method  of  oontmcting  is  open  to  many  objections 
as  the  work  becomes  too  speculative,  the  unknown  quan- 
tities  being    too    great.      Kitlicr   the   contractor   loses   a 
lot  o{  money  or  else  he  provides  large  amounts  for  con- 
which  may  or  may  not  arise, 
k  of  a  similar  character  which  the  author  has 
t.  the  specifications  for  the  work,  though  more 
1  were  found  to  be  fair  to  both  parties  in  so  far  as 

ditticult  work,  if  met  with,  is  paid  for  at  tendered  rates  set 
out  in  the  bill  of  quantities,  and,  if  diflicult  work  is  not 
met  with,  the  contingencies  provided  for  arc  not  required. 
The  general  body  of  the  specification  contains  but  little 
novelty,  the  chief  interest  being  in  the  bill  of  quantities, 
which  IS  divided  into  three  sections,  as  follows  : — 

(At  Dud-ltiying  of  various  numbers  of  cable  ducts  laid 
in  every  kind  of  roadw.iy  or  pathway  construction.  The 
rates  tendered  per  yard  run,  cover  excavation  to  normal 
depths  and  widths,  removal  of  useless  obstructions,  lighting, 
watching,  fencing,  etc.,  carting  away  surplus  material, 
levelling  the  bottom  of  the  trench,  l.iying  conduits  or  pipes 
in  cement,  concrete,  and  mortar,  tilling  in  the  trench, 
ramming  and  permanenlly  reinstating  the  surface,  testing 
each  cable-duct  line,  including  the  cartage  of  the  ducts 
from  the  nearest  depot. 

The  rates  tendered  cover  work  laid  both  at  normal 
depths  and  in  trenches  of  normal  widtli.  If,  when  carry- 
ing out  the  duct-laying,  deeper  trenches  or  wider  excava- 
tion be  found  necessary,  adjustment  in  rates  arc  made,  as 
afterwards  described. 

(B)  Construction  of  manholes. — The  manholes  for  draw- 
ing in  the  cables  arc  spaced  about  iik>  yards  apart  and  are 
of  two  types  and  various  sizes  to  suit  tlie  bank  of  ducts. 

The  work  of  constructing  the  manholes  is  divided  into 
the  following  sections  : — 

(a)  Excavation  of  the  ground. 

(b)  I'he  foundation  upon  which  the  box  is  built. 

(c)  The  brickwork  of  the  box. 

(d)  The  construction  of  the  top  or  cover  of  the  box. 

(e)  The  permanent  reinstatement  of  the  surface,  whether 

road  or  footway. 

If  the  manholes  are  of  standard  size,  the  rales  tendered 
directly  apply.  If  they  are  of  necessity  l.irger  in  depth  or 
width,  the  new  prices  can  be  immediately  built  up  from 
other  rates,  given  in  the  next  section. 

((.  i  Ml  ^  of  all  character  which  may  be 

r'-'iniif-d  iiion  for  extra  depths  or   for  extra 

!ra  bricklaying  at  various  <lcpths,  rates  for  con- 

I  at   various  depths,  timbering  left  in  trenches, 

Mecl  or  cast-iron  piping,  paving  and  surfiicc  reinstatement 

of  every  kmd,  etc. 

In   practice   it  has   been   fotmd    tn    be    comparatively 

I 'ion  of  this  character  and  with  a 

'it  prices  to  .adjust  at  once  and  to 

■  f    usual   difficulties.     When,  however, 

of   cxtiaoidiiiary   dilliciillv   involving 

running  sand,  or  the  like,  provision  is 

!•  ation  for  the  contractor  to  cany  out 

the  work  on  a  prime  co»t  ha»i»,  plus  i);  per  cent,  but  in 

only  one  ca»c  during  1 1  years  wai  it   found  necessary  to 

rcMTt  to  Ihii  mc4hnd. 


Work  to  the  x'aluc  of  ;f  250,000  has  been  carried  out  to 
specifications  of  this  character  with  but  one  dispute  where 
a  particular  class  of  work  had  been  incorrectly  priced  and 
the  estimated  quantities  of  that  class  of  work  were  largely 
exceeded. 

Sl-BST.KTIOX   S\ViTCHCE,\R. 

Having  no  less  than  23  substations  containing  rotating 
machinery  of  from  2.000  kw.  to  6,000  kw.  capacity,  the 
problem  of  purchasing  switchgcar  became  one  of  im- 
portance. 

Two  methods  were  adopted.  At  the  commencement 
general  requirements  to  be  met  were  staled,  leaving  the 
maker  to  supply  his  sland.ird  apparatus  to  meet  the  con- 
ditions laid  down.  Three  substations  were  equipped  in 
this  way  by  two  contractors  ;  one  for  the  high-tension 
apparatus  and  the  other  for  tlic  continuous-current  feeder- 
panels.  The  result  was  not  satisfactory.  One  contractor 
supplied  his  panels  of  marble,  the  other  insisted  on  slate  ; 
and  the  two  classes  of  panels  had  varying  widths  and 
heights.'  These  difficulties,  however,  were  minor  matters 
compared  with  other  troubles  met  with. 

Within  six  months  the  low-tension  panels  had  practi- 
cally to  be  rebuilt,  and  within  six  years  the  high-tension 
panels  had  to  be  scrapped  to  suit  Home  Office  Regu- 
lations. 

For  all  later  substations  the  second  method  was  adopted, 
viz.  to  issue  working  drawings  of  all  the  panels  and 
apparatus  and  to  loan  to  the  contractor  parts  for  inter- 
changeable manufacture. 

The  method  was  entirely  satisfactory  to  the  purchaser  ; 
competitive  tenders  on  equal  footing  were  obtained  and 
sound  and  interchangeable  switchgcar  was  purchased, 
requiring  a  minimum  quantity  of  spare  parts. 

It  became  a  simple  matter  to  interchange  panels  from 
substation  to  substation  as  conditions  of  load  required. 

All  high-tension  switchge.ir  was  contained  in  brick 
cubicles  and  only  two  accidents  occurred  during  10  years' 
working.  In  each  case  the  damage  was  confined  to  the 
one  cell  where  the  short-circuit  occurred. 

There  arc,  of  course,  drawbacks  to  such  a  system  of 
purchasing.  It  is  not  adapted  for  purchases  on  a  small 
scale,  and  it  becomes  difficult  with  standard  designs  to 
introduce  modifications  from  time  to  time,  which  other- 
wise in  a  smaller  system  would  be  adopted.  On  the  other 
hand,  the  maintenance  of  such  switchgcar  was  particu- 
larly good,  amounting  to  practically  nothing  on  the  high- 
tension  side,  and  it  was  generally  confined  to  renewals 
of  circuit-breaker  contacts  on  the  low-tension  side. 

It  became  possible  to  standardize  such  details  as  all 
porcelain  insiil.itors,  and  a  sheet  of  standard  porcelain 
was  loaned  to  each  contractor  in  turn. 


Kl  CONSTRUCTION   OF    MoTOK-CiF.NKRATOKS. 

After    working  continuously    night    and  day,  several  of 

the  earlier  inolorgencialnis  began   to   fail  from  various 

,    causes,   such   as    soft    cores,   broken   core    teeth,   brittle 

insulation  on  the  armatures  and  slalors,  charred  in>ulation 

on  the  shiiiil  windings,  cic. 

After  careful   consideration   it    was   decided   to   rccon- 
I   Mruct  on  the  basis  of  every  10  years'  use  (about  18  hours 
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per  day),  and  the  first  5'ear's  programme  included  the 
reconstruction  of  17  motor- generators  of  300  kw.  and 
three  motor-generators  of  500  kw.  capacity.  An  estimate 
of  the  cost  of  the  work  was  furnished  and  the  makers 
of  the  plant  were  approached  for  prices.  As  the  results 
were  by  no  means  comparable,  a  specification  was  drafted, 
working  drawings  were  got  out  and  tenders  invited  by 
advertisement,  the  prices  tendered  being:  — 


(A) 
(B) 
(C) 
(D) 


;f7,987  los. 

.P.330 
£14,100 
£"20,321 


Engineers' estimate    £11,500 

The  lowest  tender  was  that  of  a  firm  practically  un- 
known, but  a  visit  to  their  shops  proving  satisfactory,  the 
contract  was  let  to  them  at  the  price  tendered  and  the 
result  was  in  every  way  satisfactor3\ 

Owing  to  improved  methods  of  winding  with  "  hairpin  " 
formed  coils,  a  much  sounder  construction  resulted,  giving 
an  increase  in  output  of  25  per  cent  on  the  original  rating, 
and  a  renewal  of  life  to  certainly  another  10/15  years. 

The  machines  were  originally  constructed  in  1902  and 
1903  and  the  frames  were  then  liberally  proportioned. 

The  contractors  who  carried  out  the  work  took  on 
further  contracts  at  substantially  the  same  rates.  1 


Gener.al. 
Having  described  in  brief  outline  a  few  specifications 
covering  various  branches  of  engineering,  the  author 
would  by  no  means  dogmatize  or  even  go  so  far  as  to  say 
that  the  only  way  to  buy  engineering  plant  is  by  detailed 
specification.  It  is,  however,  the  only  way  he  knows  of 
by  which  one  can  purchase  plant  on  the  conditions  laid 
down.  A  free  agent  can  purchase  on  different  lines  if  he 
is  free  to  select  his  tender,  no  matter  what  the  pi  ice  may 
be  ;  but,  even  so,  a  clear  specification  as  to  what  is  offered 
is  necessary  both  to  limit  the  supplier's  responsibility  and 
to  define  his  liabilit\'.  The  basis  of  all  contracts  depends 
upon  much  besides  the  wording  of  a  specification,  and 
implies  fair  and  reasonable  dealing  on  the  part  of  both 
supplier  and  purchaser,  without  haggling  on  the  part 
of  the  supplier  or  needless  complaints  or  meddling  by  the 
customer's  engineer.  In  conclusion  the  author  would 
remark  that,  to  specifications  such  as  those  described, 
over  £2,500,000  worth  of  work  has  been  purchased,  and  of 
that  large  sum  not  more  than  £1,500  was  spent  abroad, 
and  that  for  articles  which  were  not  manufactured  in 
this  country.  In  the  past  a  large  amount  of  foreign  pur- 
chasing has  taken  place,  resulting  in  tlie  foreign  manufac- 
turer frequently  escaping  rigid  inspection,  burdensome 
general  conditions,  exacting  wage  rates,  and  other  labour 
conditions.  This  condition  of  affairs  is  not,  however, 
likely  to  be.repeated  during  the  next  10  years,  nor,  it  is  to 
be  hoped,  for  a  much  longer  period. 


Yorkshire  Local  Section,  21  February,  1917. 


ir.  Seivey.  Mr.  \V.  M.  Selvey  :  A  specification  cannot  possibly  be 
so  complete  as  to  cover  every  possible  detail.  Some 
specifications  of  large  concerns  are  now  very  voluminous 
and  very  legal  documents.  I  am  in  favour  of  such  com- 
plete specifications  being  drawn  up  where  their  extent  is 
due  to  the  incorporation  in  them  of  clauses  covering 
actual  experiences,  as  these  clauses  are  really  definitions 
of  the  conditions  under  which  the  plant  has  to  work.  The 
trouble  begins  when  some  partly  informed  engineer  or 
buyer  attempts  to  adopt  in  their  entirety  such  specifications 
for  a  plant  which  is  to  operate  under  entirely  different  con- 
ditions. I  have  known  cases  where  the  contractor  has 
had  to  explain  to  those  who  have  issued  the  specifications 
what  certain  clauses  meant,  and  why  they  were  inserted, 
and  has  been  able  to  get  the  admission  of  the  customer 
that  they  did  not  apply.  It  is  for  this  and  similar  reasons 
that  the  model  conditions  of  contract  of  tlie  Institution 
have  been  such  a  help,  and  although  these  are  not  yet  per- 
fect, they  do  form  a  reasonable  basis  from  which  to  aspire  to 
greater  perfection.  As  regards  specifications  in  a  general 
sense,  as  distinguished  from  those  which  have  been  built 
up  by  many  years  of  actual  experience  in  a  particular 
concern,  I  am  gradually  coming  to  the  view  that  the  safest 
way  for  a  customer  to  buy  a  plant,  where  it  is  impossible 
for  him  to  be  acquainted  with  the  details  of  what  he 
wants,  is  to  base  the  proposed  contract  not  on  the 
apparatus  or  plant  bought,  but  on  the  purpose  for  which 
it  is  required,  and  practically  to  omit  any  detailed  par- 
ticulars or  detailed  description  of  the  plant.  If  it  is 
perfectly  clear  that  the  contract  is  for  apparatus  or  plant, 
particularly  and  solely  to  produce  a  certain  result  or  to 


do  certain  work,  and  the  contractor  accepts  that  obli-  Mr.  sdvey. 
gation  in  a  simple  way  as  the  basis  of  the  contract,  then 
the  buyer's  rights  at  common  law  are  very  much  greater 
than  any  detailed  specification  can  possibly  give  him. 
From  this  point  of  view  a  specification  is  really  a  limitation 
of  the  obligations  of  the  contractor.  There  is  probably  a 
much  greater  chance  of  equity  on  a  broad  issue  as  to 
whether  the  plant  purchased  really  fulfils  the  desired 
purpose  than  when  it  is  a  question  of  interpretation  of 
certain  clauses  of  the  detailed  specification.  However 
carefully  this  specification  is  drawn,  there  is  always  some 
clause  which  may  give  rise  under  the  arbitration  clause  to 
a  dispute. 

Mr.  W.  B.  WoODnousE  :  I  was  very  much  taken  with  Mr, 

,     , ,  ....  ,  ,       Woodhous 

the  authors  statement  that  the   conditions  drawn  up  by 

the    manufacturers    favoured    the   manufacturer's    rather 

than  the  purchaser's  interests.     I  am  afraid  that  some  of 

the  conditions  are  obviously  unjust,  just    as  in   the   past 

some  of  the  purchaser's  conditions  have  been  obviously 

unjust,  but  I  think  that  the  present  is  not  a  time  to  discuss 

conditions  of  contract.    The  ideal  condition  of  contract  from 

the  purchaser's  ipoint  of  view  is  that  the  manufacturers 

shall  give  him  a  certain  article  to  his  engineer's  complete 

approval.   The  tendency  lately  has  been  for  manufacturers 

to  say  :  "  We  will  sell  our  standard  article.    We  expect  to  get 

a  certain  performance  from  it.     If  we  do  not  it  cannot  be 

helped."     Those  arc  the  two  extremes.     Between  the  two 

one  hopes  that  some  reasonable  compromise  will  be  made. 

With   regard  to  coal   specifications,  I  am  not  a  believer 

in  calorific  value  alone   as   a  basis   of   price  ;    I    believe 

that   the   author's   specification   would    be   equally    valu- 
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aUc  if  he  had  omitted  calorific  value.  The  require- 
ments as  to  moisture  and  as  to  ash  and  small  coal 
arc  all  excellent,  but  in  practice  I  think  one  finds 
that  calorific  value  docs  not  fully  indicate  the  value 
of  a  particular  coal  to  the  user,  which  depends  not  only 
on  the  fuel  but  on  working  conditions,  and  on  the 
kind  of  stoker  used.  One  may  use  a  coal  with  a  low 
calorific  value  that  may  be  more  suitable  than  one  with  a 
high  calorific  value.  What  is  important  to  the  user  is  the 
net  value  of  the  material  he  is  buying.  He  is  buying  a 
certain  amount  of  carbon,  and  a  certain  amount  of  volatile 
matter  which  is  of  value  ;  he  is  buying  in  addition  water 
^'  ^ich  arc  of  no  value,  so  that  the  net  material  is 

tl  .Mibic  minus  the  water  and  the  ash.     Now  the 

net  value  is  something  rather  different,  because  if  one 
considers  the  case  of  a  very  dirty  coal,  which,  for 
example,  has  50  per  cent  of  ash,  one  can  take  it  that 
in  the  ordinary  mechanical  stoker  such  coal  is  practically 
unburnablc.  Therefore  il  I  were  drawing  up  a  specifi- 
cation in  which  the  price  paid  depended  on  these 
\-arious  factors,  I  would  make  it  dejicnd  on  the  amount 
of  combustible  less  the  amount  of  water,  less,  for 
example,  twice  the  amount  of  ash,  which  would  com- 
i>ensatc  to  some  extent  for  the  fact  that,  as  the  amount  of 
a»h  increases,  the  value  of  the  coal  decreases  still  more 
rapidly.  But  the  nature  of  coal  is  a  very  complex  subject 
and  we  want  to  know  a  great  deal  more  about  it  before  we 
buy  on  an  absolute  specification  of  a  chemical  or  heat- 
value  nature.  The  physical  specification  setting  out 
the  proportion  of  small  stuff,  the  proportion  of  com- 
bustible, and  the  proportion  of  ash,  is,  I  think,  of  the 
utmost  value.  I  consider  that  the  author's  concluding 
remarks  deserve  most  careful  study.  The  bases  of  the 
conditions  of  contracts  and  specifications  must  be  fair  and 
just.  If  Ihcy  arc  in  the  hands  of  an  engineer  who  will 
take  that  broad  view,  I  think  both  the  purchaser  and  the 
nunufacturer  can  rest  content. 

Mr.  R.  H.  Campion  :  I  want  to  take  up  a  point  in  con- 
nection with  the  penalty  clauses  in  the  ("leneral  Conditions. 
I  recently  h.ad  a  contract  with  a  very  well-known  firm  of 
engineers,  the  work  was  specified  to  be  finished  by  a 
certain  dale,  and  I  added  that  if  the  contractor  was  not 
able  to  agree  to  this  date  he  was  to  mention  his  date. 
They  all  filled  in  my  date,  but  several  of  them  told  me  it 
w.i  •  '  ''    to  do  the  work  in  the  time,  so  I  put 

t'  iitractor  whose  tender  was  successful, 

.T  "  Uii  yes,  he  would  have  it  done."     The  result 

\">  was  (t  months  late.     The  question  of  penalty 

I'  .ind  the  firm  told  me  that  they  had  never  paid 

a  ;  ;  their  life.     Il  seems  to  me  that  we  are  wasting 

time  in  going  to  all  this  trouble  with  (leneral  Conditions 
and  agreeing  to  them,  if  we  arc  not  going  to  enforce  penal- 
tie*.  I  do  not  agree  that  the  Institution's  General  Condi- 
tion* arc  equitable  to  all.  There  is  lime  to  revise  them, 
.ind  one  hopes  Ihrv  will  be  revised  later  on.  I  agree  that 
"  'ilum  has   swung  considerably   over 

a*  ircr,  and  that  now  the  manufacturer 

I  uch  the  other  wav.     I  have  noticed 

"  itc  very   reluctant   to  give  details  of 

manufacture,  for  in<ilancc  with  regard  to  turbine  bLidings. 

I  I'.nl  i)„-  , ,.(  T  machine  will  often  depend  upon  the 

'•'  "-nl  mixture  ;  in  many  ca<c»  we  only 

g<  i  .1  iri  V  I.. 1)^11  Kirj  a*  lo  the  composition  of  the  blading. 


I  was  pleased  to  notice  that  the  author  says  that  provided  Mr. 
the  specification  is  properly  drawn  up  there  is  no  harm  in  '"i"""' 
accepting  the  lowest  tender.  With  the  choice  of  the  two 
methods  of  sp>ecifying,  I  think  there  is  no  doubt  that  the 
second  condition  mentioned  by  the  author  is  by  far  the 
best,  as  it  docs  not  attempt  to  tell  the  manufacturer  how  to 
manufacture,  but  only  specifies  the  requirements  and  re- 
quires that  they  should  be  met.  I  should  lil;e  to  know  how 
many  coal  merch.ants  were  able  to  tender  to  that  specifica- 
tion, because  I  was  under  the  impression  that  it  gener.ally 
went  to  one  man,  and  I  thought  in  th.it  case  he  would 
probably  allow  a  good  sum  to  cover  all  these  very  stringent 
conditions.  In  connection  with  another  station  on  the 
same  river  which  consumed  more  coal,  I  understand  that 
their  coal  specification  contained  as  many  lines  as  there 
were  pages  in  the  other  specification,  and  the  results 
were  quite  satisfactory.  I  quite  agree  with  the  author 
that  the  Yorkshire  coal  does  destroy  the  brickwork  very 
much.  With  regard  to  the  laying  of  cables  and  con- 
duits, that  is  the  easiest  and  the  simplest  specification 
which  one  has  to  draw  up  and  work  to  in  order  to  get 
work  done  ;  it  seems  to  be  that  there  one  gets  on  to  a 
belter  basis'  with  the  contractor  and  tlie  work  proceeds 
more  smoothly.  With  regard  to  switchgcar,  one  wonders 
if  the  original  circuit  breakers  that  were  installed  would 
have  been  able  to  stand  the  work  after  a  little  time,  as  I 
understand  that  the  very  severe  conditions  which  were 
experienced  at  the  lieginning  with  regard  to  the  starting 
up  of  this  system  were  enough  to  upset  any  switchgear. 
With  reference  to  the  reconstruction  of  the  mator-genera- 
tors,  one  would  like  lo  kno*'  if  llie  conditions  would  have 
been  allowed  in  standard  machines  at  the  present  time. 
The  author  was  undouhlcdiy  able  to  get  very  good  results 
by  rewinding.  This  is  the  only  place  in  the  specification 
where  I  conceive  the  engineer's  estimate  is  of  much  use. 
In  most  of  the  other  cases  I  think  il  is  almost  a  waste  of 
time  for  the  engineer.  He  cannot  s.iy  what  a  turbo- 
generator will  cost  to  in.mufacturc  ;  he  can  only  note 
the  prices  at  which  other  people's  tenders  are  being 
.accepted,  and  a  few  things  of  that  kind.  I  think  the  most 
interesting  stalemenl  in  the  paper  is  in  the  last  paragraph, 
where  if  is  staled  th.at  Ihc  best  w.ay  to  buy  engineering 
plant  is  by  specificiition,  but  that  seems  lo  be  quite  con- 
trary to  the  American  practice  at  the  present  d.ay.  A 
friend  of  mine  who  recently  visited  .\merica  to  buy  plant 
had  the  greatest  diflicully  to  get  tlie  Americans  to  tender 
to  any  specification.  They  would  not  even  lender  to  their 
own.  The  principal  thing  they  seem  lo  waul  lo  know  is 
wh.1t  the  phiiit  is  g'>iiig  to  cost  when  they  buy  il,  and  as 
long  as  they  can  get  100  per  cent  oiil  of  il  they  seem 
quite  content. 

Mr.  (1.  A.  H  XKT  :  Some  of  the  points  in  connection  with  Mi  lUrt. 
engineering  specifications  which  the  author  has  introduced 
have  both  a  direct  bearing  and  a  significance  on  general 
engineering  practice,  including  that  in  which  I  am  more 
particulailv  interested.  Public  aulhorilies  invariably  I're- 
parc  and  submit  their  own  sets  nf  conditions  governing 
engineering  conlracts  into  which  they  enter,  and  it  is  a 
mailer  of  the  highest  consequence  to  the  engineer,  his 
client,  and  Ihc  contractor  that  the  general  conditions  nf 
contract  should  be  carefully  regulated  to  be  in  harmony 
with  the  true  nature  of  the  particular  class  or  branch  of 
engineering  contracted    for.     Had    tliis   point    been  more 
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Hart,  carefully  observed  in  the  past,  I  think  we  should  have  had 
a  more  confidential  spirit  pervading  the  relations  of  both 
buyer,  or  seller,  or  client,  and  contractor,  with  a  corre- 
sponding diminution  of  those  imposing  documents  which 
the  author  has  referred  to  ;  nor  should  we  have  vi-itnessed 
the  drafting  of  rival  sets  of  conditions  of  contract  framed 
for  the  protection  of  manufacturers'  interests  as  opposed  to 
the  interests  of  the  purchaser.  I  should  have  been  glad  if 
the  author  had  somewhat  elaborated  the  reference  which 
he  has  made  in  his  remarks  to  bills  of  quantities,  more 
especially  to  the  relation  of  bills  of  quantities  to  the  condi- 
tions of  contract.  In  civil  engineering  contracts  for  public 
works  I  have  had  experience  of  two  methods  governing 
the  relations  of  bills  of  quantities  to  the  conditions  of  con- 
tract, viz.  (i)  contracts  in  which  the  bills  of  quantities  are 
not  embodied  in  the  contract,  and  (2)  contracts  in  which 
the  bills  of  quantities  are  embodied  in  the  contract  and 
form  part  of  the  contract  documents,  forming  the  basis  of 
contract.  It  would  be  interesting  to  know  which  classifica- 
tion it  is  customar}'  to  adopt  in  the  electrical  engineering 
profession.  The  first-named  method  throws  the  entire 
responsibility  upon  the  contractor  to  frame  a  tender  upon 
a  specification  of  description  of  work  assisted  by  a  set  of 
contract  drawings,  and  necessitates  the  contractor  accept- 
ing responsibility  for  checking  or  perhaps  even  taking  out 
a  set  of  quantities  to  enable  him  to  give  what  is  called  a 
lump-sum  tender.  By  the  alternative  method  where  quan- 
tities arc  embodied  in  the  contract,  either  the  engineer  may 
stipulate  that  he  will  be  responsible  for  the  accurac\'  of  the 
quantities — in  which  case  the  tender  sent  in  would  be  a 
lump-sum  tender  governed  bv  and  subject  to  deductions 
and  additions — or  alternatively,  the  bill  of  quantifies  may 
be  stipulated  to  form  a  schedule  of  prices  intended  merely 
as  a  guide  for  the  purpose  of  obtaining  competitive  tenders 
based  upon  dimensions  or  quantities  which  are  believed  to 
be  reasonably  accurate,  but  not  sufliciently  accurate  for  the 
actual  work  to  be  carried  out  by  the  contractor.  My 
experience  leads  me  to  believe  that  a  lump-sum  tender  in 
general  engineering  practice  for  works  of  any  degree  of 
intricacy  or  magnitude  is  rarely  found  to  be  satisfactory  to 
the  contracting  parties.  Engineers  rarely  have  the  time 
necessary  to  prepare  the  careful  detail  drawings  and 
elaborate  specifications  that  would  be  required,  and  even 
if  this  were  the  case  it  is  obviously  irksome  and  frequently 
very  unfair  to  expect  each  contractor  to  devote  consider- 
able time  on  the  part  of  a  skilled  and  technical  staff  to 
prepare  the  necessary  quantities  to  enable  him  to  give  a 
lump-sum  tender.  My  own  experience  is  certainly  in 
favour  of  embodying  the  bills  of  quantities  in  the  general 
conditions  of  contract  as  forming  part  of  the  contract,  and 
of  restricting  their  significance  to  the  limited  degree  of 
forming  the  basis  of  a  schedule  of  prices  and  methods  of 
measurement  upon  which  the  actual  work,  when  con- 
structed in  situ,  shall  be  measured  b)'  the  engineer. 

Lang.  Mr.  W.  L.iNG  :  I  wish  the  author  had  indicated  what  is 
the  real  use  and  intention  of  a  specification,  because  my 
idea  of  a  specification  is  that  it  is  intended  to  be  in  two 
parts,  first  to  avoid  litigation  by  drawing  up  such  general 
conditions  as  would  be  fair  to  both  sides,  and  in  the  second 
part  to  provide  the  contracting  party,  the  seller,  with  a 
guide  to  what  he  is  called  upon  to  do.  I  doubt  very  much 
if  specifications  to-day  are  really  achieving  the  one  or  the 
other  object.     Most  people  will,  I  think,  agree  with  me 


that  instead  of  avoiding  litigation  the  general  terms  almost  Mr.  Lang, 
lead  into  it,  since  the  author  states  that  whenever  a  loop- 
hole is  found  through  which  a  contractor  might  squeeze,  the 
town  clerk  or  other  governing  body  adds  a  further  clause 
to  avoid  that  difficulty.  This  would  seem  to  indicate  that 
the  general  conditions  applying  to  contracts  will  increase  to 
such  a  size  that  they  will  prevent  the  general  contractor 
from  making  an  offer.  In  fact  I  think  experience  to-day 
is  that  where  a  specification  does  not  appeal  to  a  man's 
sense  of  justice  or  he  feels  he  is  independent  of  conform- 
ing to  the  requirements,  he  returns  the  specification  and 
asks  to  be  excused.  I  do  not  think  that  is  at  all  a  desirable 
business  outlook  for  us.  In  fact  I  tliink  that  if  the  engineer- 
ing profession  were  to  take  as  their  example  Lloyd's,  who 
will  draw  up  on  half  a  sheet  of  paper  a  specification  cover- 
ing the  risk  of  fire,  etc.,  for  one's  house  or  any  other  risk, 
to  almost  any  amount,  it  might  be  possible  to  avoid  these 
lengthv  engineering  specifications.  If  the  author  will  refer 
to  the  last  page  of  the  paper  where  he  states  that  four 
offers  were  made  for  certain  motor-generators,  he  will 
admit  that  those  offers  came  from  firms  whom  he  would 
consider  good  enough  to  carry  out  the  work.  If  the 
lowest  price  had  been  received  from  a  firm  in  whom  he 
could  not  place  confidence,  I  think  the  offer  of  that  firm 
would  not  be  entertained.  So  that  when  we  say  in  our 
specification,  or  in  the  problem  that  we  are  considering, 
that  if  the  quantities,  materials,  and  design  are  so  set  out 
then  we  are  justified  in  accepting  the  lowest  tender,  I 
think  we  must  admit  that  we  should  only  issue  that  specifi- 
cation to  those  firms  whom  we  think  are  on  a  par  with  one 
anotlier  for  their  qu.ality  of  work.  At  any  rate  if  an 
unknov^n  firm  without  any  record  of  any  substantial  work 
to  their  credit  were  to  submit  the  lowest  tender  I  should 
be  very  surprised  if  they  got  the  order. 

I        Mr.  W.  H.  'Wraith  :  From  the  point  of  view  of  con-  Mr.  Wraith. 

'  tractors,  the  specification  is  a  half-way  house  between 
two  engineers,  the  engineer  on  behalf  of  the  purchaser 
and  the  engineer  on  behalf  of  the  contractor  ;  and  the 
more  open  and  straightforward  the  specification,  the  more 
harmoniously  is  the  work  carried  out. 

Mr.  A.  R.  Ch.ayto.-?  :  One  or  two  speakers  have  referred  Mr.  Chaytor. 
to  the  varying  natures  of  the  so-called  essential  conditions 
as  set  out  in  various  specifications,  and  I  should  like  to 
endorse  that  view.  A  case  which  came  before  my  notice 
only  a  short  time  ago  will  show  the  contrast  very  well. 
The  specifications  were  for  practically  identical  work,  the 
one  contained  31  foolscap  sheets  of  general  conditions, 
12  of  special  conditions,  16  of  detailed  technical  require- 
ments, and  2  of  bill  of  quantities,  the  other  was  composed 
of  9  sheets  for  general  conditions,  2  of  special  conditions, 
6  of  detailed  technical  requirements,  and  5  of  bill  of 
quantities.  The  figure  mentioned  by  the  author  as  being 
deducted  from  the  actual  costs  for  all  labour  in  connection 
with  the  excavation  and  reinstatement  of  cable-conduit 
trenches  is  interesting,  but  I  cannot  conceive  it  to  be  of 
general  utility  for  even  rough  estimates  for  this  class  of 
work.  For  one-way  and  two-way  routes  the  figure  is 
decidedly  high,  and  I  assume  that  it  has  been  derived  from 
the  cost  of  work  on  a  much  bigger  scale  than  this. 
Furthermore,  my  experience  points  to  the  fact  that  for 
conduits  laid  in  the  horizontal  plane  the  costs  follow  a 
straight-line  law  (after  the  first  conduit),  but  for  laying 
them  row  on  top  of  row  the  proportionately  cheaper  jobs. 
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Mr  aar»  so  far  as  excavation  and  reinsUtcmcnt  arc  concerned,  take 
plAcc  when  the  numl>cr  of  conduits  can  be  formed  into  a 
.  f  cross-section,  i.e.  when  tlic  total  number  is  either 
:'),  25,  etc. 
llr.  Xc»..  Mr.   H.   A.  Xfvii.L:  I  do  not  entirely  agree    with   the 

aiithf>r">;  h.T=i*  of  purchasing  coal.     To  buy  on  a  calorific 
•1  to  me  to  be  the  correct  method.     My 
I  .  1  thai  ni  purchasing  coal  the  best  basis 

on  which  liiially  to  decide  is  an  .ictual  boiler  test  of  bulk 
samples  obtained  from  two  or  three  of  the  most  likely 
lenders.  After  a  class  of  coal  has  been  chosen  in  this 
.  :-.cr  make  reguKir  calorific  tests  to  ensure  tliat  the 
:i.TS  keep  to  Ihe  original  value  of  the  coal  chosen. 
liic  class  of  coal  and  the  constituents  which  cannot  be 
found  except  by  a  chemical  analysis  are  as  important  as 
the  calorilic  value  where  c0.1l  is  used  for  tiring  a  boiler. 
For  anv  but  an  engineer  of -a  large  power  station  with 
a  correspondingly  l.irgc  staff,  to  prepare  an  estimate  for 
plant  is,  I  think,  out  of  the  question.  An  estimate  can 
only  be  based  on  what  one  knows  of  the  current  market 
selling  price.  To  attempt  to  work  out  a  manufacturing 
estimate  is  not  possible  for  moderate-sized  engineering 
staffs. 
1*1.  Mr.  H.  K.  Ykrburv  (commiinicatol) :  I  am  plc.iscd  tosec 

!  1;  i!h  ,i::!-(.r  null!  .MIS  with  approval  the  Institution 
.\1  .111  (11.Mc1.1l  C  ii.iKioiis,  and  his  remarks  .is  to  referring 
important  matters  in  dispute  to  independent  .irbitration 
should  receive  general  acceptance.  Where  special  appa- 
ratus is  required  and  is  included  in  a  specification  under 
provisional  sums,  it  seems  only  fair  to  allow  a  contractor 
a  commission  of  from  5  per  cent  to  10  per  cent  for  passing 
the  same  through  his  book*.  The  author's  specification 
(or  cn.ll  is  very  interesting  and  he  is  fortunate  in  getting 
ts  to  supply  fuel  under  a  scientific  system.  I 
led  some  10  years  ago  to  get  colliery  managers 
and  merchants  in  Yorkshire  to  quote  to  a  specification  as  to 
calorific  value,  ash  content,  and  moisture,  but  1  could  not 
get  a  single  one  to  agree  to  such  conditions.  Let  us  hope 
that  in  time  they  will  sec  that  they  have  nothing  to  lose 
and  perhaps  much  to  gain  in  agreeing  to  such  a  sjiecifica- 
tion  as  that  proposed.  1  shall  be  glad  if  the  author  will 
sav  whether  the  British  thermal  units  mentioned  are  for 
coal  "as  received''  or  "dry,"  as  that  point  is  not  quite 
dear.  Kvidently  water-borne  coal  contains  much  more 
moisture  tlian  coal  conveyed  in  railway  trucks.  I  am  sur- 
prised to  see  a  percentage  of  14  for  washed  nuts  ;  my 
experience  is  that  unwashed  fuel  invariably  contains  a 
grciler  percentage  of  moisture  than  w.ished  fuel  docs.  In 
Sheffield.  Ihe  average  percentage  of  moisture  in  washed 
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III  ii^Ui  was324  pi-r  cent,  and  for  mixed 

'1  per  cent.     Where  ship  loads  or  large 

</l   coal  arc  delivered,  a  system   of  testing 

author     recommends    is    satisfactory,    but 

<  utiles  would  arise  where  train  loads  of  vary- 

!    fcul  arri\e  several  times  a  day.     Obviously 

stand-ird   coal   should    he   drawn   up, 

111  mug   coal    contraclorn   who   are   invited    to 

The  *i/e  of  coal  it  of  great  importance,  and  fine 

iinecononiical.     I  li.ive  found 

'I    in   Ihe   pits  of   chain-grate 

iilioii  contain  over  ftf>  per  cent 

,  111.     The  .-lulhor's  concluding 


rcnurk%  about  clear  «pcciiicalion<i  and  a  spirit  of  fair  and 


reasonable  dealings  between  suppliers  and  purchasers  are  Mr. 

commendable. 

Mr.  J.  Shephf.rd  (III   reply):    I    must   explain   that   the  Mr. 
paper  was  prepared  under  War  conditions,  which  did  not       '' 
allow  leisure  for  writing  more  than  a  general  paper.     A 
few   representative   sptcifications   were  selected  and  the 
salient  points  of  each  explained. 

With  Mr.  Selvcy's  remarks  I  am  generally  in  agreement ; 
if  the  purchaser's  conditions  of  working  require  a  par- 
ticular type  of  plant  or  machiner>'  such  plant  should  be 
specified  in  detail.  If  his  requirements  are  normal  in 
character,  then  a  more  open  specification  will  meet  Ihe 
case.  Again,  the  condition  of  inviting  lenders  by  adver- 
tisement, and  of  having  generally  to  accept  the  lowest  one, 
can  only  be  met  satisfactorily  by  specifications  and  draw- 
ings prepared  with  great  care  and  set  out  in  some  detail. 

I  am  surprised  to  hear  that  Mr.  Woodhouse  does  not 
believe  in  purchasing  coal  on  a  heat  basis  under  the  con-' 
dilions  enumerated  in  the  paper.  Kxperience  shows  that 
purchase  to  specification  of  the  character  indicated  was 
the   only   feasible    method    under   the   conditions    stated. 

I  Had  these  conditions  been  different,  the  methods  of 
purcli.ise  could  also  be  different,  as  I  endeavoured  to  point 
out.  Mr.  Woodhouse  agrees,  however,  with  the  inclusion 
of  the  percentage  of  small  coal  and  the  percentage  of  ash, 
but  in  mv  opinion  he  omits  the  most  important  fact  of  all, 
namely,  the  calorific  value.  So  f.ir  as  I  am  aware,  coal  is 
the  only  mineral  sold  without  full  consider.alion  of  its 
chemical  conslitucnts,  and  the  engineer  buys  coal  for  its 
calorific  value  alone. 

Mr.  Campion  discusses  the  question  of  penalty  clauses. 
It  is  one  of  the  most  difficult  matters  to  extract  penalties 
from  contractors  for  late  delivery,  and  perhaps  this  is  as  it 
should  be,  and  such  penalties  can  only  be  extracted  when 
del.ay  in  delivery  has  caused  a  corresponding  or  greater  loss 
to  the  purchaser.  I  am  surprised  to  hear  that  Mr.  Campion 
does  not  agree  with  the  Iiistilution's  Model  (ieiieral  Con- 
ditions,   though    he   does   not   indicate    which    particular 

;   point  he  objects  to.     Turbine  blading  is  hardly  wilhin  the 

'  purview  of  Ihe  paper,  but  it  must  be  remembered  that 
the  industry  of  turbine-building  is  by  no  means  estab- 
lished in  all  its  details,  and  whilst  in  a  state  of  development 

!  manufacturers  are  reluctant  to  give  away  what  they  may 
consider  to  be  exclusive  information.  With  respect  to 
coal  specifications,  tenders  were  received  against  such 
specifications    from   practic.illy   every   coal    merchant   in 

;    London  whose  facilities  eii.ibled  him  to  lender  for  either 

'■    the  whole  or  a  considerable  portion  of  Ihe  contract.     The 

I  conditions  in  the  olhcr  station  which  he  mentions  as  pur- 
chasing coal  on  a  shorter  specification  arc  different,  so 
that    Ihe   methods   of   purchasing  may  also  be  different. 

\  The  conditions  of   Ihe  specification    for    coal-purchasing  1 

were  not  striiigeni  :  they  simply  provide  that  should  belter 
coal  be  furnished  than  quoted,  a  better  price  for  such  coal 
will  be  paid.  If  the  coal  furnished  be  not  so  goixl  as  that 
tendered,  a  lower  price  would  he  paid,  and  Ihe  contractor 

(    himself  must  fix  the  values  of  the  cail  inserted  in  his  tender. 

'    A  wider  method  of  tendering  could  scarcely  be  imagined. 

'  With  respect  to  swilcligear,  Mr.  Campion  is  scarcely 
correct  in  staling  that  Ihe  severe  conditions  of  working 
occurred  onlv  at  the  start.  These  conditions  become  more 
severe  Ihe  larger  Ihe  substation  feeding  the  lines  and  Ihe 
heavier  the  service  ol  cars  upon  them.     As  an  example,  at 
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the  commencement  half-mile  sections  of  line  usually 
required  300  to  500  amperes,  and  of  late  years  the  load  on 
a  number  of  these  sections  has  grown  to  1.000-2,000 
amperes  per  half-mile.  In  reply  to  the  questions  respecting 
the  increase  in  capacity  of  motor-generators  on  re-winding, 
the  framework  of  modern  machines  is  not  generally  so 
liberally  designed  as  that  of  machines  constructed  10  or 
12  3'ears  ago.  Under  present  abnormal  conditions  I  agree 
with  Mr.  Campion  that  it  is  difilicult  to  frame  reliable 
estimates  and  it  is  not  easy  to  buy,  though  I  have  not 
found  conditions  so  difficult  as  he  suggests. 

In  reply  to  Mr.  Hart,  I  consider  that  the  bill  of 
quantities  in  a  specification  is  really  the  whole  root  of  the 
tender  and  forms  the  essence  of  the  contract.  It  is 
generallj'  possible  to  take  out  quantities  with  sufficient 
exactness  to  be  accurate  within  10  per  cent. 

In  reply  to  Mr.  Lang,  I  quite  agree  that  the  idea  of  all 
specifications  should  be  fairness  and  conciseness  to  avoid 
by  all  possible  means  uncertainties  and  litigation  resulting 
therefrom.  That  the  specifications  described  merit  this 
description  is  borne  out  by  the  fact  that  in  some  hundreds 
of  contracts  only  oue  case  of  litigation  arose,  and  that  was 
settled  in  an  amicable  manner  without  prejudice  to  the 
progress  of  the  work.  Apart  from  the  written  matter  of 
specifications  there  should  always  be  fairness  in  the 
interpretation  of  the  clauses,  otherwise  contracting  and 
purchasing  would  be  difficult  or  impossible,  certainly 
under  present  conditions  where  work  is  so  plentiful.  The 
four  tenders  named  by  Mr.  Lang  were  received  in  reply  to 
public  advertisement.  The  lowest  was  from  a  firm  quite 
unknown  to  me  and  I  do  not  think  they  had  any  record 
to  show  of  work  of  a  similar  character  and  size,  yet 
this  firm  obtained  the  order  and  carried  out  the  work 
satisfactorily.  Indeed,  open  tendering  and  clear  specifica- 
tions is  one  of  the  best  ways  of  widening  the  market  and 
allowing  comparatively  unknown  firms  an  opportunity  of 
showing  their  merit. 

In  reply  to  Mr.  Chaytor,  it  is  found  from  analysis  of 
many  tenders  that  the  cost  of  duct-laying  follows  nearly  a 


straight  line  law,  and  whv  the  record  of  such  prices  should  Mr. 
not  be  of  general  utility  for  estimating  purposes,  I  am  at  a  Shepherd, 
loss  to  understand.     Personally  I  know  of  no  surer  way  of 
estimating  than  to  base  estimates  upon  actual  costs. 

I  note  that  Mr.  Nevill  does  not  agree  with  buying  coal 
on  a  calorific  basis.  I  can  only  say  that  10  years'  ex- 
perience of  buying  on  this  basis  has  in  every  way  been 
satisfactory.  With  respect  to  engineers'  estimates,  my  own 
work  has  largely  consisted  in  the  preparation  of  estimates 
of  ever)'  kind  and  description,  and  the  smallness  of  the 
staff  required  for  such  estimating  would  no  doubt  sur- 
prise him. 

In  reply  to  Mr.  Yerbury,  there  was  no  difficulty  in 
obtaining  quotations  from  coal  merchants  in  London  on 
the  basis  of  the  specifications  described,  though  I  am  aware 
that  when  dealing  with  collieries  direct  it  is  generally 
impossible  to  purchase  in  this  manner.  I  know  of  no 
fairer  method  of  purchasing,  as  the  bonus  system  enters 
largely  into  every  variety  of  modern  bargaining.  The 
basis  of  purchasing  in  this  way  is  to  ask  the  contractor  to 
fix  his  price  and  the  quality,  and  to  pay  him  a  bonus  if 
he  exceeds  this  quality,  and  to  make  a  reduction  if 
the  quality  of  the  coal  delivered  be  not  up  to  the  tendered 
values.  The  calorific  value  was  determined  on  dry  fuel. 
As  all  the  coal  purchased  vv'as  water-borne,  I  am  unable  to 
make  any  comparison  between  water-borne  and  rail-borne 
coal.  I  can  say,  however,  that  Yorkshire  coal  is  generally 
drier  than  Scotch,  as  the  following  figures  show,  taken 
from  two  years'  deliveries  when  Scotch  washed  nuts  and 
Yorkshire  washed  )■■  's  were  being  delivered  con- 
currently : — 

Yorkshire  nuts,  moisture  10-23  %    max.  to  3'25  min. 
Scotch  nuts  „  i6'9        „  „     9'6     „ 


Yorkshire  nuts,  moisture  7-83   %  max.  to  4-0  min. 
Scotch  nuts  ,,  i5'5        „  „   Q'5    " 

I  quito  appreciate  the  difficulty  of  sampling  and  testing 
when  many  deliveries  are  received  daily  by  rail. 
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which  seriouslv  affect   the   value  of   the  material  to  the  Mr.  Watson 


Mr.  S.  J.  Watsox  :  The  information  which  the  author 
gives  us  in  regard  to  fuel  is  of  verj'  great  importance 
because,  as  he  rightly  points  out,  fuel  to-day,  so  far  as  our 
power  stations  arc  concerned,  represents  the  largest  item 
in  the  account.  If,  by  paying  special  attention  to  the 
details,  economies  can  be  effected,  even  of  a  small  per- 
centage, they  must  in  the  course  of  a  year  amount  to  a  very 
large  sum.  I  believe  this  matter  was  dealt  with  in  a  paper 
b)'  Mr.  J.  H.  Rider  some  years  ago  in  connection  with  a 
description  of  the  London  County  Council  Tramways.* 
I  believe  that  was  the  first  occasion  when  the  purchase  of 
fuel  on  a  calorific  value  basis  was  advocated  before  this 
Institution.  There  are,  however,  a  number  of  difficulties 
in  purchasing  fuel  on  that  basis.  In  the  first  place  I  do 
not  know  of  any  colliery  in  this  district,  although  they 
have  been  approached  on  many  occasions,  which  would 
be  prepared  to  enter  into  contracts  to  supply  fuel  on  such 
terms  and  conditions.  I  admit  that  the  manner  in  which 
fuel  is  usually  bought  is  not  fundamentally  sound,  because 
many  points  arise  in  connection  with  the  grading  of  fuel 
*  Jonrntil  I.E.E.,  iQOg,  vol.  43.  p.  235. 


purchaser.  The  author  has  drawn  particular  attention 
to  moisture  and  the  ash.  I  should  like  particularly  to 
offer  a  few  comments  regarding  moisture.  Perhaps  I 
should  preface  what  I  have  to  say  by  pointing  out  that  the 
author's  remarks  deal  almost  entirely  with  coal  which  is 
sea-borne.  Of  course  such  conditions  do  not  obtain  in 
this  district  ;  all  our  fuel  is  brought  by  rail  or,  to  some 
extent,  by  canal.  The  percentage  of  moisture  will  vary 
very  considerably  with  the  same  quality  of  coal,  particu- 
larly if  we  are  purchasing  what  is  known  as  washed  fuel. 
In  some  cases  the  percentage  m.ay  rise  to  14  or  15  per  cent. 
If  we  allow  it  to  remain  in  the  railway  trucks  for  some  days 
during  the  summer,  for  instance,  when  we  weigh  it  there 
will  be  7  or  8  per  cent  difference  in  the  moisture  comp.ared 
with  what  it  would  have  been  had  it  been  weighed  sooner. 
Such  being  the  case,  it  is  clear  that  differences  of  opinion 
and  disputes  might  easily  arise  between  the  purchaser  and 
the  seller.  Washed  fuel,  of  its  very  nature,  must  be  subject 
to  considerable  variations  in  the  percentage  of  moisture 
which  it  contains.     Then  in  regard  to  grading  fuel  upon 
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Wii«aa.  the  basis  of  si/c,  I  had  hoped  that  the  author  would  ofTer 
a  few  obM.T\-ations  in  regard  to  the  different  sizes  rather 
than  content  himself  with  using  the  word  "  small."  The 
gradinj;  has  considerable  effect  on  the  value  when  the  coal 
is  burnt.  For  instance,  it  is  obvious  that  even  the  very 
hiplu-it  <}u:ility  of  fuel  if  in  dust  fonii  when  we  put  it  on  the 
firi  ■  IS  blown  in  on  the  jet  principle  I  cannot  be  as 

v.ii  1  It  wcic  \  in.  or  i  in.  in  diameter.     <  trading  in 

sizes  therefore  has  considerable  intUience  on  the  \-altic  of 
the  fuel.  In  my  opinion  any  specification  such  as  that 
suggested  should  make  some  provision  for  dividing  the 
fuel  into  certain  definite  sizes,  starting  perhaps  in  the  case 
of  washed  fuel  from  i  ^  in.  and  going  down  to  something 
like  J  in.  or  even  sm.iller.  This  is  important,  and  I  think 
attention  should  be  called  to  it.  On  the  (jucstion  of  .ish, 
I  entirely  endorse  the  author's  remarks  to  the  effect  that 
the  quality  of  the  fuel,  even  from  the  same  collierv,  \-aries 
appreciably  from  «vagon  to  wagon,  from  shipload  to  ship- 
load, and  from  day  to  day.  Speaking  with  a  layman's 
knowledge  of  colliery  working  there  docs  not  appear  to  he 
any  reason  why  this  should  happen,  but  we  frequently  have 
to  discuss  the  matter  with  the  coUieni'  people  in  order  to 
keep  them  up  to  the  standard. 

I  turn  now  to  the  author's  remarks  on  laying  cable 
conduits.  There  cannot  be  any  question  that  for  dcnsclv 
populated  districts  with  expensive  underground  excava- 
tions it  is  essential  that  draw-in  systems  should  be  adopted, 
solely  iKcause  of  the  cost  of  getting  at  them.  In  other 
cases,  however,  I  think  that  a  cable  laid  on  a  solid  system 
would,  on  the  whole,  give  rather  better  results.  The 
author  described  a  case  where  he  went  from  trouble  to 
trouble  until  he  got  down  to  40  ft.  or  more.  .Such  cases 
arc  not  often  met  with  ;  otherwise  the  cost  of  cible-laying 
and  even  the  cost  of  supply  might  be  consider.ibly  liighcr 
than  it  actually  is.  Ol  course  in  connection  with  any 
contract  of  such  an  extent  as  that  mentioned  in  the  paper, 
provision  must  be  made  in  the  contract  itself  for  dealing 
with  the  cost  of  special  work.  The  author  made  a  remark 
to  the  effect  that  they  h.id  found  it  advantageous  in 
contracts  such  as  this  lo  select  or  to  allow  for  certain 
lengths  of  extra  diflicult  work  to  be  included  in  the  total 
contract  price  rather  than  to  make  provision  outside  the 
contract  itself  by  means  of  a  schedule.  That  is  a  valuable 
suggestion  and  one  which  some  of  us  may  deem  it 
desirable  to  adopt  in  fr.aming  future  contracts. 
Vitoe.  Mr.  c  J),  skatox  :  My  experience  of  specifications  is 
fairly  wide  and  I  quite  .igree  that  the  best  method  of 
drafting  Ihcm  is  that  defined  on  page  364,  i.e.  to  define 
the  c'liidilions  and  results  to  be  obtained,  leaving  the  con- 
tractor to  meet  the  re»|iiirenicnls  with  his  slandard  pro- 
ducts if  and  when  Ihcy  are  suitable.  When  1  observe  the 
length*  lo  which  some  engineers  go  in  drawing  up  the 
gci  ■  r.il  1  oiiditton<i  I  often  think  they  cannot  be  aware 
I  it  i*  to  airive  at  a  s:itisfaclory   result  with 

vi; ,    : rouble  and  expense.     The  author  refers  to  the 

pohcy  of  accepting  Ihc  lowest  lender,  rnforliinatcly  in 
municipal  trading  that  rule  i<i  more  or  less  rigidly  en- 
forced. If  an  rnf'inccr  recommends  anvthing  but  the 
inmillec  seems  to  think  that  he  is 
■  himself,  and  that  a  gocKl  part  ol  Ihc 
into  hilt  pocket.  Th.il  i>  iiKtrly  untrue. 
ii    policy  lla^   iKen    n  vpoinibic    for    very 
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Mr.  J.  A.  RoBF.RTSox  :  While  it  is  true  that  no  engineer  Mr. 
would  attempt  novsnidays  to  issue  detailed  specifications 
for  lurbo-allcrnators  or  rotary  converters,  it  is  still  neces- 
sary to  define  vtry  clearly  the  performance  of  plant  and  to 
specify  the  nature  of  the  tests  for  ensuring  conformity  to 
the  speciliaition.  I  am  sorrv  the  author  h.as  not  dealt 
more  fully  with  this  subject.  He  raises  a  contentious 
sultjcct  in  referring  to  conditions  of  contract.  The  con- 
tract conditions  which  the  purchasing  engineer  formerly 
attached  to  his  specilication  cannot  of  course  be  defended, 
but  the  British  Klectrical  and  Allied  Manufacturers'  Asso- 
ciation have  swung  over  to  the  other  extreme  in  what  arc 
known  as  the  "  Bcania  "  conditions.  The  fact  that  these 
conditions  with  only  slight  modifications  arc  identical 
with  those  of  tlic  Institution  has  not  improved  matters, 
and  the  Incorporated  Municipal  Klectrical  Association 
representing  the  largest  body  of  purchasing  engineers 
in  this  country  has  not  yet  accepted  them.  I  agree  thai 
if  the  engineer  is  allowed  to  select  only  firms  of  "  known 
excellence  and  ripe  experience"  as  contractors  the  results 
will  generallv  be  satisfactory,  but  we  must  take  care  that 
the  smaller  firms  are  not  extinguished,  otherwise  purchas- 
ing engineers  will  be  restricted  to  one  or  two  firms  and 
standardization  of  designs  may  lead  to  standardization 
of  prices.  The  autlior  sccms  to  have  been  somewhat 
unfortunate  with  his  ■-witchge.ar.  In  a  Large  undertaking 
with  many  substations  the  purchaser  may  standardize 
switchgear,  but  in  most  cases  the  design  had  better  be 
left  to  the  manufacturer's  specialists.  It  is  a  pity  thai 
there  is  no  standardization  of  ideas  regarding  switchgear. 
When  we  find  one  firm  emphasizing  the  f.act  that  ihey 
allow  6  in.  clearance  between  metal  parts  in  substation 
switchgear,  while  anothiT  firm  considers  2  in.  clearance  to 
be  sulTicient  for  the  same  diity,  tlie  purchasing  engineer 
has  to  take  a  rcsposibility  which  ought  not  to  be  necessary, 
and  the  evil  is  greater  in  those  cases  where  the  lowest 
tender  is  still  regarded  with  favour.  With  regard  to  coal 
specifications,  most  of  us  arc  glad  at  the  present  time  to  be 
able  to  purchase  coal  of  any  kind.  One  thing  is  certain, 
that  if  onerous  conditions  regarding  calorific  value  arc 
applied  the  contractor  will  cover  the  risk  liy  adding  a 
pcrcent.ige  to  the  price.  In  this  district  collieries  refuse 
to  accept  any  conditions  which  var\'  the  price  of  coal 
according  to  calorific  value. 

Mr.  S.  FF.Rr,rso\  :  A  manufacturer  should  not  be  re-  *•' 
quired  to  read  through  a  lot  of  superfluous  matter  when 
preparing  a  tender.  For  general  conditions  reference 
should  be  m.ade  to  some  well-known  stand.ard  condition";, 
for  example  (hose  proposed  by  the  Institution,  thus  pri- 
venting  tenderers  having  to  refer  lo  them  specially.  One 
of  the  most  important  points  in  these  conditions  is  Ihc 
lerms  of  pavmcnl.  Municipalities  could  help  manufac- 
turers consider.ably  if  Ihey  could  delete  the  10  per  cent 
retention  money  on  small  contracts,  say  for  less  than  i'500. 
It  is  easy  to  sec  that,  if  a  manufacturer  docs  a  big  turnover 
in  relation  to  his  capital,  he  can  very  quickly  get  a  large 
proportion  of  his  capital  locked  up  in  retention  money. 
These  arcounis  involve  more  clerical  work,  and  retention 
money  seems  lo  me  quite  unnecessary  for  small  conlr.acts. 
It  is  inlcresljiig  lo  note  Ihat  for  quite  large  Ciovernmenl 
contracts  for  pl.iiil,  full  payment  h.as  been  ni.ide  .aflii  final 
test.  With  regard  lo  technical  requirements,  1  think  Ihat 
switchboard  specifications  should  be  cither  (a)  complete  in 
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[r.  every  detail,  and  include  drawings  or  diagrams,  or  (6)  a 

erguson.  f,^gj.g  statement  as  to  the  plant  to  be  controlled,  leaving 
the  manufacturer  to  offer  the  most  suitable  gear.  With 
the  latter  arrangement  it  is  somewhat  difficult  for  the 
purchaser  to  compare  the  tenders  when  received,  but  I 
feel  confident  that  this  method  is  better  than  an  incom- 
plete specification  which  is  capable  of  misinterpretation. 
If  an  engineer  has  to  prepare  a  switchboard  specification, 
sa3',  once  in  6  months,  he  cannot  be  expected  to  remember 
all  the  items  he  may  require,  such  as  indicating  instru- 
ments, recording  instruments,  integrating  instruments, 
voltage-control  apparatus,  circuit-breaking  apparatus,  pro- 
tective devices,  etc.  The  manufacturer  has  these  things 
at  his  finger-ends,  and  if  he  knows  the  plant  to  be  con- 
trolled, can  offer  the  most  suitable  apparatus.  There  is 
one  important  important  item  which  is  sometimes  omitted 
from  specifications,  and  that  is  the  current  density  in 
current-carrying  apparatus.  If  it  is  left  open  then  different 
manufacturers  will  offer  different  densities,  so  that  the 
tenders  are  not  comparable.  When  calling  for  oil  switches 
for  generating  stations,  it  is  very  necessary  that  the  inherent 
reactance  of  the  generating  plant  should  be  specified.  I 
find  this  is  verj'  seldom  done,  although  it  is  a  vital  factor 
in  deterniining  what  breaking  capacity  of  switch  is  neces- 
sary for  the  particular  dut}'.  I  have  known  these  react- 
ances vary  from  2|  per  cent  to  15  per  cent,  so  that  the 
duty  imposed  on  the  former  switch  would  be  6  times 
greater  than  on  tlie  latter  switch  with  the  same  capacity  of 
plant.  With  regard  to  the  system  of  inviting  tenders  out- 
lined by  the  author,  I  do  not  think  this  is  generallv  liked 
by  manufacturers.  One  important  objection  is  that  manu- 
facturers are  not  allowed  to  use  their  standard  apparatus 
but  are  required  to  conform  to  the  designs  furnished  by 
the  purchaser.  Every  manufacturer  who  undertakes  a 
contract  will  have  to  make  the  special  tools  required  for 
the  manufacture  of  the  particular  apparatus,  and  it  seems 
to  me  a  considerable  waste  of  labour.  Furthermore,  it  is 
quite  conceivable  that  the  purchasers'  designs  may  very 
quickly  grow  out  of  date,  and  advantage  would  not  be 
taken  of  the  progress  which  is  continually  being  made.  A 
better  plan  would  be  for  the  purchaser  to  make  up  his 
mind  that  certain  standard  types  of  apparatus,  made  by 
certain  manufacturers,  best  suit  his  requirements,  and  to 
specify  the  same.  The  manufacturer  would,  from  time  to 
time,  embody  any  slight  improvements  which  are  made, 
but  which  would  not  destroy  the  interchangeability  of  the 
apparatus.  I  believe  this  arrangement  was  adopted  by  the 
London  Count}-  Council  in  the  case  of  circuit  breakers. 
Very  frequently  specifications  call  for  apparatus  which  is 
considerably  out  of  date,  and  they  may  thus  ciuse  a  manu- 
facturer considerable  trouble  in  compl3'ing  with  the  same. 
Take,  for  example,  Government  inquiries  for  switchgear  ; 
these  usually  call  for  magnetic  blow-out  circuit  breakers, 
also  knife  switches,  the  hinged  contacts  of  which  do  not 
carry  current.  Both  these  requirements  have  been  aban- 
boned  by  most  leading  manufacturers.  The  author  seems 
to  have  had  considerable  trouble  with  his  switchgear  in  the 
early  stages,  and  I  should  like  to  have  his  confirmation  that 
blow-outs  were  finally  deleted  on  the  circuit  breakers  in 
the  substations.  Finally  there  is  the  bill  of  quantities. 
This  is  now  very  rarely  included  in  specifications.  One 
difliculty  experienced  is  to  get  the  items  so  concise  and 
complete   that    there  will  be  no  misunderstanding   as  to 


which  item  sundry  apparatus  is  to  come  under  ;  otherwis    Mr. 
difficulties  will  result  if  the  quantities  are  to  be  increased  F"S"son. 
or  decreased. 

Mr.  W.  KiDD  :  It  is  certainly  most  desirable  that  all  Mr,  Kidd. 
tenders  should  be  brought  to  a  common  basis.  The 
author  mentions  two  methods,  namel}',  either  to  specify 
one's  requirements  in  detail  or  simply  to  ask  for  certain 
results.  It  is  most  desirable  in  many  cases  to  take  an 
intermediate  course.  The  purchaser  has  to  consider  the 
men  who  will  have  to  operate  the  plant,  and  the  tempera- 
ment of  such  men  apparently  varies  in  different  districts. 
Again  one  has  to  bear  in  mind  what  is  going  to  happen 
after  the  contract  has  been  let.  If  we  leave  the  specifica- 
tion open  we  shall  have  a  lot  of  correspondence  after- 
wards ;  the  contractor  will  write  and  ask  about  various 
details  and  want  to  know  whether  thej'  will  meet  our 
requirements  or  not.  I  think  in  a  specification  which  is 
carefully  and  thoroughly  drawn  up  a  lot  of  that  should  be 
avoided.  It  may  be  a  case  of  asking  for  position  of  ter- 
minals and  the  size  of  the  cable  proposed  to  be  used  on 
motor-generators,  transformers,  etc.  That  is  no  reason 
why  these  particulars  should  not  be  given  in  the  specifica- 
tion. Again,  the  purchaser  should  certainly  state  very 
clearly  what  guarantees  he  wants  and  under  what  con- 
ditions the  guarantees  have  to  be  obtained.  It  is  rather 
annoying  sometimes  to  go  to  witness  a  test  or  check  over 
a  test  sheet  and  then  to  find  that  a  particular  item  has 
been  omitted  both  from  the  specification  and  from  the 
tender.  I  think  purcliasers  should  specify  that  curves 
showing  the  effects  of  variation  of  such  matters  as  steam 
pressure,  vacuum,  etc.,  in  the  case  of  turbines,  and  tem- 
perature and  humidity  of  atmosphere  in  the  case  of  cooling 
towers,  on  the  results  of  the  tests  should  be  submitted 
with  the  tender.  Otherwise  of  course  it  is  difficult  to  see 
whether  or  not  the  guaranteed  result  is  obtained.  One 
must  also,  I  think,  specify  what  method  is  to  be  adopted  in 
testing.  Take  circulating  water  pumps,  for  instance  ;  is 
the  water  to  be  measured  over  a  weir  or  by  the  difference 
of  condenser  inlet  and  outlet  temperature  ?  If  we  adopt 
different  methods  we  get  dift'erent  results.  Then  there  is 
the  vexed  question  of  erection.  Trouble  frequently  arises 
from  insufficient  information  being  given  regarding  the 
accessibility  of  the  site,  use  of  tackle,  builder's  work,  etc. 
In  all  power  stations  pipework  occupies  a  very  prominent 
position.  I  certainly  think  that  in  this  case  the  purchaser 
should  issue  a  detailed  drawing  of  the  pipes  and  supports 
and  accept  full  responsibility  for  the  run  of  the  pipes.  It  is 
not  fair  to  ask  the  contractor  to  come  to  a  strange  place  to 
measure  up  for  the  run  of  pipes  ;  he  is  only  human  and 
will  make  mistakes.  A  great  many  of  the  troubles  which 
arise  in  connection  with  the  installation  of  pipes  would  be 
prevented  if  the  purchaser  supplied  proper  details  in  the 
first  instance.  The  tendency  in  manufacturing  works 
nowadays  is  to  do  all  design  work  in  the  office  and  leave 
the  works  to  manufacture  the  apparatus.  That  is,  I  think, 
a  movement  in  the  right  direction  and  should  be  applied  to 
pipe  contracts  instead  of  leaving  the  erector  to  design  sup- 
ports. The  author  proposes  that  large  power  stations  should 
standardize  their  substation  switchgear.  I  quite  agree 
with  him  there.  'When  we  have  to  extend  the  switchgear 
we  find  a  great  difficult}'  unless  we  have  standardized  the 
general  arrangement,  principal  dimensions,  etc.  I  do  not 
agree  that  the  purchaser  should  design  the  switches  and 
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.lit  lo  l^ul  111  ail  iMciiMi.n  p.TiK-l 
irors  of  the  original  installation 
by  about  50  per  cent.  If 
.uniial  contracts  we  can  net 
tv.  Kuither,  in  getting  out  specifications 
.  unless  we  do  so  in  detail  we  >li:ill  find  that 
many  of  the  designs  which  makers  put  forward  arc  not  in 
conformity  with  the  regulations  or  arc  not  satisfactory 
especially  in  high-tension  work.  I  think  the  purchaser 
si  .  iiv  limits  for   current  density,  aNo  maximum 

tf  rise  to  guard  against  bad  workmanship  and 

fitlui^.  Mr.  Robertson  has  mentioned  a  case  of  a  2  in. 
clearance  for  (>/>oo-volt  switchyear  ;  that  is  not  enough.  I 
should  go  further  than  the  author  and  not  only  standardize 
substation  switchgear  but  also  the  performance  of  trans- 
formers, so  that  any  one  transformer  will  parallel  with  any 
other.  The  difficulty  with  the  transformers  comes  in  when 
VK  want  to  extend  the  substations  ;  if  we  have  not  stan- 
dardi^^ed  the  transformer  peiformance  we  have  a  difficulty 
in  gelling  another  tr.insformer  to  parallel  with  the  original 
one.  In  Manchester  we  have  a  range  of  transformers  rated 
at  250-500  k.v.a.  and  i.oco  k.v.a.  so  designed  that  any  one 
can  be  paralleled  with  any  other.  I  wonder  how  many 
purchasers  ask  the  contractor  to  state  what  are  the  power 
factors  of  the  motors.  I  am  afraid  there  are  very  few.  In 
two  cases  which  have  recently  come  under  my  notice  the 
consulting  engineers  have  specified  that  all  the  motors  for 
tl'.i  int  of  certain  factories  should  be  of  one  size 

f'  :  of  interchangeability.    The  result  is  that  many 

of  liic  motors  arc  only  half  loaded  and  the  effect  is  a  bad 
power  factor  for  the  supply  system.  This  question  of 
power  factor  is  becoming  a  very  serious  matter  to  electric 
supply  authorities.  I  am  rather  sorry  that  the  author  has 
made  no  mention  of  the  work  done  by  the  Engineering 
Standards  Committee.  The  Reports  that  the  Committee 
have  i>suc(l  are  certainly  very  valuable  to  anyone  who  has 
|.     '     '  :  ■  IIS.    All  large  concerns 

s!  ;iLatioiis    av.iilable    for 

n.  :    till.  .•<Ult,  .liiU  I  ii.iiik  ue  should  endeavour  to 

I'  them   a  great   deal   more  than   is  the  case  at 

present  ;  both  the  engineer  and  the  manufacturer  would 
licnefit. 

Mr.  J.  Kkith:  I  agree  with  Mr.  Robertson's  criticism  of 
the  "Bcama"  conditions;  they  arc  certainly  not  to  the 
advantage  of  the  purchaser,  and  I  am  equally  sure  they 
are  not.  in ''  is  to  the  manufacturer. 

Ill  ilii'  |i'<  ■-  it  is  not  always  suffi- 

>  v.iiil>  and  then   leave  it  to  the 

1:  know   local    conditions   which 

render  cer  manufacturing  unsuitable.     For 

inktance,   •  ,v    that   fibrous  and    hygroscopic 

matcriaU  for  insulation,  although  made  by  a  K.K.A.M.A. 
p,.i.  .  ..(   1  .,,1.  ,... ,.,.  ...I  ._.ood  for  the  parliciil.ir  work 

I  put  ;  in  that  <:ase  one  must 
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'  ni.ide  of  whether 

'  I,    The  Institution 
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ex.n.'ljy  luiw  UK-  1.055  1^  01  tJiiKil.  1  tliiiik  tlifvaie  wise,  it  Mr.  Kriili 
contains  the  l.iteiit  heat  and  an  allowance  for  heating  the 
water  to  the  boiling-point.  They  might  have  chosen  a 
figure  which  was  rather  simpler  for  arithni'-lical  calcula- 
tion. Some  engineers  do  not  seem  to  grasp  what  the 
lower  calorific  value  really  means.  It  is  an  admission 
that  we  cannot  afford  to  condense  the  moisture  in  the 
Hue  gases.  To  take  the  higher  caloiific  value  in  working 
out  thermal  efficiencies  is  to  assume  that  the  plant  might 
have  condensed  the  moisture  in  the  flue  gases,  which  is 
something  we  are  particularly  careful  not  to  do  ;  hence 
the  lower  calontic  value  should  be  u--ed.  With  regard  to 
Hie  clause  in  the  specification  making  the  price  of  coal 
lower  as  the  moisture  increases,  this  secm>  to  mean  that 
the  author  would  be  equally  pleased  to  buy  10  buckets  of 
coal  and  pay  for  10,  as  to  buy  9  and  pay  for  9  and  then 
pay  his  men  to  throw  a  bucket  of  water  on  the  lire.  This 
is  not  scientitic,  though  it  m.iy  be  sufficiently  good  for 
commercial  use  and  it  certainly  has  the  merit  of  simplicity. 

Mr.  J.  Shei'HEKd  (III   rcMv):  In   repiv  to  Mr.  Watson,  »•/•  ._. 

•     .     .■  .  .-  .         .  .        Shepherd. 

I  believe-  that  the  specification  issued  by  the  London 
County  Council  Tramw.ays  feparlment  for  the  purchase 
of  fuel  on  a  heat  b.tsis  was  the  first  instance  of  the  adop- 
tion of  this  method  on  a  large  scale  in  England  ;  though, 
according  to  United  States  Bulletin  Xo.  116  of  the  Bureau 
of  Mines,  50  per  cent  of  the  purchases  on  behalf  of  the 
I' nitcd  States  Government  are  m.adc  in  a  similar  manner. 
I  am  aware  of  the  difficulty  of  purchasing  direct  from 
collieries  on  a  calorific  basis,  and  of  course  at  the  present 
time  coal  is  in  such  demand  that  the  purchaser  has  no 
option  but  to  lake  wliat  is  offered  to  him  and  accept  the 
colliery  proprietor's  conditions.  It  would  be  interesting 
to  know  if  the  7  or  8  per  cent  difference  in  moisture 
between  summer  and  winter  is  an  ascertained  figure  or 
only  a  surmise.  If  it  really  exists,  it  appears  to  be  an 
excellent  argument  for  purchasing  fuel  on  the  basis 
described,  otherwise  one  is  paying  for  an  indefinite 
amount  of  water  at  the  price  of  coal.  Mr.  Watson  will 
find  that  the  size  of  small  coal  is  given  in  the 
pafft-r.  The  smaller  size  of  fuel  is  that  which  will  pass 
through  a  mesh  J  in.  square,  whilst  the  larger  size  is 
usually  screened  through  i-in.  mesh.  With  respect  to  the 
percenl.nge  of  small  coal  and  troublesome  litigation,  10 
years'  experience  has  given  rise  to  neither  one  trouble  nor 
the  other.  Although,  generally  speaking,  cable  ducts  were 
laid  with  a  cover  of  about  2  ft.  6  in.,  owing  to  serious 
obstructions  a  depth  uf  40  ft.  was  necessary  in  certain 
cases  before  a  clear  way  could  be  found,  but  such 
depths  were  of  course   strictly  limited,  olherwis-   c.«ble- 

I   laying  on  a  draw-in  system  would  beco'nc  prohibitive. 

;        Mr.   Sealoii    expre^ses   a   strong    preference    for    spcci- 

;  ficalions  strictly  defining  requirements  and  leaving  the 
manufacturer  to  put  in  his  standard  plant.  While  such 
a  method  of  buying  might  be  the  l>cst  under  cerLiin 
conditions,  it  is  not  alw-iys  so,  and  Mr.  Seaton's  experi- 
ence with  turbines  will  bc.ir  out  this  statement  very 
foicibly.  WhiM  I  cannot  altogether  agicc  with  his 
coiK'liKliiig  rtin.irks,  it  m.iv  be  taken  as  a  general  rule 
in  iiiiiiiicip.il  work  that  there  is  extreme  difficulty  in 
accepting  any  tender  but  the  lowest. 

Mr.  Robcrlson  regrets  that  I  did  not  enter  into  a  dil.iiled 
discussion  on  the  performance  of  plant,  including  tuibo- 

I   alternators    and    rotary    convcitcrs.      This    would    have 
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required  at  least  a  dozen  papers  to  do  justice  to  the 
various  subjects.  Personally  I  have  no  objection  to  the 
Model  General  Conditions  issued  by  the  Institution,  and  I 
agree  with  Mr.  Robertson  that  open  tendering  and  the 
general  acceptance  of  the  lowest  tender  has  the  advantage 
of  encouraging  smaller  firms,  who  otherwise  would  have 
but  little  chance  in  obtaining  larger  contracts.  With 
regard  to  the  experience  with  switchgear  outlined  in  the 
paper,  the  troubles  occurred  through  accepting  standard 
apparatus  for  conditions  of  more  than  ordinary  severity. 
Since  substation  switchgear  was  purchased  under  the 
conditions  described  in  the  paper,  no  trouble  with  such 
gear  has  been  e.\perienced,  and  Mr.  Robertson's  own 
remarks  show  the  necessity  tor  accepting  something 
more  than  the  various  standards  of  different  makers. 
For  instance,  with  switchgear  for  6,600  volts  a  clearance  of 
2  in.  to  brickwork  is  distinctly  small  and  not  less  than 
4  in.  clearance  should  be  adopted,  whilst  5  in.  or  6  in.  is 
even  better.  There  is  no  hard-and-fast  rule  as  to  the 
maximum  distance  except  that  the  greater  the  clearance, 
up  to  say  6  in.  (for  6,600  volts  three-phase),  the  safer  is 
the  gear.  Mr.  Robertson's  remarks  on  the  purchase  of  fuel 
have,  I  think,  been  covered  in  m}'  reply  to  Mr.  Watson. 

Mr.  Ferguson's  remarks  are  practicallv  confined  to 
switchgear,  and  I  quite  agree  with  him  that  clearness 
and  conciseness  in  specifications  should  be  more  general. 
With  respect  to  the  terms  of  pavment,  if  standard  appa- 
ratus is  purchased,  such  as  knife  switches,  circuit  breakers, 
or  instruments,  the  payment  should  be  a  cash  one  on  de- 
livery and  completion  of  tests.  If,  however,  the  contract 
is  of  a  more  extensive  character  and  includes  a  main- 
tenance period,  the  paj'ment  of  the  retention  money  does 
not  become  due  until  such  maintenance  period  has  ex- 
pired, and  of  course  this  period  should  be  limited  to  a 
reasonable  time.  With  respect  to  technical  requirements, 
if  large  purchases  are  to  be  made,  it  is  better  in  every  way 
to  issue  detailed  drawings  and  purchase  the  particular 
type  of  apparatus  that  has  been  found  most  suitable  for 
the  purposes  required.  If,  however,  as  is  generally  the 
case,  purchases  are  moderate  in  amount,  it  is  better  to 
purchase  standard  apparatus  suitable  for  the  work  in 
hand.  I  quite  agree  that  the  switchgear  manufacturer 
is  better  prepared  than  the  purchaser  to  design  suitable 
switchgear.  On  the  other  hand,  stress  of  competition 
limits  his  power  in  this  way.  Whilst  on  the  one  hand 
he  would  no  doubt  be  pleased  to  make  and  sell  nothing 
but  the  best  and  heaviest  type  of  switchgear,  severe  com- 
petiiion  forces  him  to  install  switchgear  of  a  much  lighter 
and  flimsier  description,  and  it  is  with  gear  of  this  character 
that  so  much  trouble  has  been  experienced  when  con- 
nected  to  large   power  systems.     With  respect  to  react- 


ance, so  small  a  figure  as  2  J  per  cent  cannot  apply  to  Mr. 
modern  generator  circuits  ;  10  to  12  per  cent  is  more  like  "'' 
the  figure.  In  reply  to  Mr.  Ferguson's  question,  two  types 
of  circuit  breakers  have  been  largely  used — air  break  and 
magnetic  blow-out.  Whenever  there  is  sufficient  room  for 
the  air-break  type,  that  is  the  one  preferred,  but  owing  to 
restricted  head-room  the  magnetic  blow-out  must  some- 
times be  used.  With  respect  to  Mr.  Ferguson's  closing 
remarks,  a  bill  of  quantities  should  be  attached  to  every 
specification  ;  otherwise  it  is  difficult  or  impossible  with- 
out prolonged  negotiation  to  alter,  extend,  or  restrict  a 
contiact. 

The  views  of  Mr.  Kidd,  who  I  understand  is  in  the  pur- 
chasing department  of  the  Manchester  Electricity  Depart- 
ment, in  general  agree  with  those  expressed  in  the  paper. 
With  respect  to  pipework,  this  should  generally  be  designed 
by  the  purchaser,  and  necessarily  so  in  the  case  of  exten- 
sions to  an  existing  station  where  running  plant  requires  to 
be  negotiated.  I  quite  agree  that  the  specifications  issued 
by  the  Engineering  Standards  Committee  should  be  used 
to  the  greatest  possible  extent,  and  I  invariably  adopt  them 
where  possible.  Having  served  on  the  Standards  Com- 
mittee I  am  of  course  aware  of  the  care  devoted  to  the  pre- 
paration of  such  specifications,  and  it  is  to  be  regretted  that 
the  scope  of  the  Committee's  work  is  not  extended  further. 

In  reply  to  Mr.  Frith,  the  coal  purchased  had  its  calorific 
value  determined  from  dried  samples,  and  the  conditions 
mentioned  by  him  do  not  apply.  Such  conditions  have 
reference  to  boiler-testing  and  reall\'  depend  upon  whether 
the  steam  generated  from  the  moisture  in  the  coal  is  or  is 
not  condensed  on  the  heating  surfaces  of  the  boilers  or 
economizers.  In  regard  to  Mr.  Frith's  picturesque  descrip- 
tion of  buckets  of  water,  it  is  obvious  that  water  must  be 
allowed  to  a  certain  extent  in  any  conimercial  purchasing, 
and  the  figure  of  10  per  cent  is  in  my  opinion  a  reasonable 
one  to  take,  bearing  in  mind  that  for  Scotch  washed  nuts 
the  moisture  varies  from  9'5  to  ,i6'g  per  cent  and  for  York- 
shire washed  nuts  3'25  to  10  per  cent,  taken  over  a  series 
of  years  and  for  many  cargoes. 

In  conclusion  I  would  point  out  that  the  purchasing 
of  coal  on  a  calorific  basis,  which  has  been  so  generally 
criticized,  has  stood  the  only  test  which  is  of  any  value  in 
practical  life,  namely,  the  test  of  actual  experience,  and 
for  10  years  it  has  enabled  coal  to  be  purchased  on  a  large 
scale  by  open  competition  and  without  a  single  dispute 
with  respect  to  quantity,  quality,  or  price.  In  fact  the 
only  disputes  which  have  arisen  are  those  of  delivery 
within  a  specific  period,  or  of  the  berthing  conditions 
provided  for  the  steamers.  Of  course  local  conditions  may 
alter  the  possibility  of  buying  fuel  in  this  way,  but  under 
the  conditions  described  the  method  left  little  to  be  desired. 


Scottish  Local  Section,  3  April,  1917. 


Page.  ^Ir.   A.    Page  :    I   agree   with    the   author    that   in   the 

majority  of  cases  engineers  should  specify  exactly  what 
they  want  when  purchasing  plant,  as  manufacturers' 
standard  apparatus — particularly  in  the  case  of  auxiliaries 
— very  often  has  undesirable  features.  In  the  case  of  a 
turbo-alternator,  for  example,  the  vacuum  required  is 
generally  stated,  but  there  is  seldom  any  particular  refer- 
ence  to  the   capacity  of   the   air   pump   to  maintain   the 


required  partial  air  pressure  in  the  condenser.  The  gauge  Mr.  Page, 
fittings  and  drain  valves  at  the  high-pressure  end  of  the 
turbine  are  almost  certain  to  be  of  gunmetal  unless 
specified  to  be  of  steel.  Thermometers  on  the  con- 
densing plant  will  not  be  supplied  unless  specially  asked 
for,  and  the  general  absence  of  instruments  means  that 
the  operating  engineer  is  constantly  at  a  loss  in  diagnosing 
the   cause  of   unsatisfactory  working.      If   the   maximum 
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.,:  llic  condcii'»ci   i>-  not  stated 

!  vc  to  pay  a  good  deal  more 

•  ^,i    Jul     puiiipiiijj    the    condensing    water. 

".  j,c2T  is  another  item  which  requires  carc- 

t  :i  :  boiler  fittings  also.     Of  course  the  manu- 

1^ .   snowing  that  he   is  in  competition    with   other 

(inns,  is  almost  forced  to  include  cheap  fittings  in  case 
he  may  lose  the  order  owing  to  his  price.  The  standard 
transformer  construction  is  mechanically  unsound  :  and 
p  '     '.    on  Urge  systems   if    the   coils  are   not   held 

.1  special  manner  there  will  be  frequent  hreak- 
dukw.<.  There  is  always  a  tendency  to  m.ikc  the  section 
of  conductors  and  termin.^ls  suitable  from  the  electrical 
point  of  view  only.  Transformer  oil  is  another  case  in 
point,  trouble  from  sludging  being  quite  common.  There 
are  innumerable  other  instances  which  one  might  quote 
sliowing  the  necessity  for  carefully  specifying  what  is 
required  to  meet  the  conditions.  I  consider  technical 
information  provided  by  the  lirm  submitting  a  fender  to 
t>c  an  e^Mintial  fe.jture  of  the  specification.  If  full  infor- 
mation of  tlii>  nature  were  asked  for  and  supplied  it  would 
often  save  a  great  deal  of  time  and  correspondence  when 
deciding  which  olier  is  to  be  accepted.  The  Model 
General  Conditions  of  the  Institution  could  with  advan- 
tage  be  altered  somewhat,  as  it    has    been    our    recent 

i«:"-  " •■   that   they  are   rather   too  favourable   to   the 

I  cr.     In  the  case  of  complicated  machinery  I 

tMiiK  11  1-  quite  out  of  the  question  to  expect  an  engineer 
to  issue  a  specilicatioii  which  will  always  ensure  that  the 
lowest  tender  can  be  accepted.  The  coal  specification 
referred  to  in  the  paper  may  be  suitable  in  connection 
will]  Ihi;  p:iii.tiasc  of  a  cargo  of  coal,  but  it  would  be 
tatlicr  uiuvoikable  when  the  co;il  ciinc  into  the  works  in 
wagons  from  a  large  number  of  dilYerent  pits.  The  author 
prefaces  his  reference  to  cable-conduit  specifications  by  a 
statement  that  in  large  towns  the  solid  system  is  unsuit- 
able. This  is  certainly  not  the  case  in  Glasgow,  wlicre 
the  cables  have  to  be  carried  along  routes  in  the  neigli- 
I  there    is   a    possibility    of    obtaining 

1  .  '..Iigear  referred  to  on  page  T^f/t  must 

\  1,  i  1(11  inferior  to  iKgin  with. 
M:  I-  M  ;'i«)X  :  At  present  much  time  is  wasttd  by 
ni.iniifacturcrs  in  reading  through  the  different  forms  of  < 
general  conditions  issued  by  the  various  municipalities 
and  companies,  and  \  hope  that  a  standard  form  of  con- 
ditions will  soon  be  adopted  which  will  be  satisfactory 
alike  In  the  manufacturer  and  the  purchaser.  Regarding 
it  is  certainly  necessary  for  the 
I  ■■  t!ic  class  of   plant   he  requires 

obtain,  but  I    tliink  that  to 
„  ,      tivc  parts  and  to  state  that 

I    should   he    strictly  .idhercd    to  would   retird 
'^••■••■^'■ermg    generally.      Manufacturers   .vc 
ig   then    dctigns,  and    by   making  an 
ic  purchaser   is  sure  of  bring  offered 
lenl   in   anv  particiiLir  class  of    plant. 
■    can  only  be  con- 
led  fur,  hill  where 
iisforni.itiDii    o(    enct^y,  the 
I  by  the  initial  cost  alunc  but 
co»t.     There  is  a  very  great 

:.  .  .     ,    ..   ' ,. ."  ...i|>rovc  the  thermal  efliciciicy 

(rom  the  ooal  Imp  lo  the  itwitchlward,     No  doubt  higher 


steam  pressures  and  high  superheat  are  going  to  lie  the  Mr. 
practice  in  future,  but  I  think  th.it  a  great  deal  of  tlie  loss  ""' 
in  most  stations  is  at  present  due  to  the  prime  movers 
being  too  f.ar  away  from  the  boilers.  I'erhaps  the  ideal 
arrangement  woulii  be  to  pl.ice  the  turbines  on  top  of  the 
boilers  and  the  generators  in  another  room  so  as  to  be 
away  from  the  heat  of  the  boiler  house.  I  admit  that 
there  might  be  some  difTicult>-  in  finding  room  for  the 
condenser.  At  any  rate  it  seems  to  me  that  the  more 
compact  we  can  make  the  plant  the  less  loss  will  there 
be  in  transformation.  Regarding  the  purchase  of  coal, 
the  author  seems  to  think  it  is  a  matter  for  the  purchaser 
.alone  lo  decide  wliethcr  he  should  purch.ise  fuel  on  the 
B.Th.r.  basis  or  not.  but  I  can  state  that  the  average 
colliery  proprietor — in  Scotland  at  anv  rate — will  not 
consider  that  method.  He  can  usually  sell  without  such 
restrictions  all  the  coal  th.it  he  is  able  to  raise.  The  best . 
solution  from  the  purchaser's  point  of  view  is  to  obtain  an 
analysis  of  all  the  coal  which  he  is  likely  to  buy,  or,  better 
slill,  test  the  fuel  under  .actual  working  conditions.  He 
can  thea  compare  the  relative  merits  of  the  various  fuels 
with  the  selling  prices. 

Mr.  W.  I).  X.  .Morgan"  :  Most  of  us  here  .are  continually  Mr 
interested  in  the  question  of  coal  purch;ise  and,  as  has  *'°'K*»* 
been  said  by  the  author,  many  of  the  fuel  purchases  in 
Ameriga  are  based  on  calorific  value,  p.aymcnt  being  made 
on  the  result  of  chemical  analysis.  In  this  the  U.S.A. 
Government  have  done  much,  the  greater  part  of  their 
requirements  being  dealt  with  in  this  way.  The  method 
is  more  suited  to  conditions  where  the  quantity  per 
delivery  is  large,  and  less  so  when  small  lots  are  delivered 
as  bv  r.ail.  Some  years  ago  I  examined  the  problem  of 
purchase  <\v  analysis,  but  found  tliat  our  colliery  owners 
h.ad  not  generally  advanced,  far  in  this  direction  and 
looked  upon  the  method  with  disfavour.  My  own  ex- 
perience has  been  that  it  is  better  to  purchase  supplies 
from  collieries  adjacent  to  one's  works,  .and  by  actual  test 
under  the  boilers  and  checked  by  chemical  test  determine 
for  oneself  the  relative  values  of  the  coal  drawn  from  the 
various  pits.  In  this  way  a  very  clear  guide  can  be  obtained 
of  which  fuel  to  buy  and  what  price  should  be  paid  for  it. 
Should  the  quality  of  the  coal  fall  off  I  have  not  hitherto 
found  dilliculty  in  arranging  matters  with  suppliers.  It 
will  be  found  that  the  fuel  of  the  highest  calorific  value 
for  the  price,  taking  everything  into  consideration,  is  not 
necessarily  the  most  economical  ;  and  if  the  relationship  of 
the  coal  cost  at  the  pit  to  flic  railw.ay  rales  existing  prior  to 
the  War  is  materially  altered,  the  whole  question  will  have 
to  be  reviewed  in  relation  lo  the  class  of  fuel  that  tinvbcst 
be  used,  lurning  to  specifications  for,  say,  switchgcar, 
there  is  a  very  real  danger  that,  by  specifying  in  great 
detail  how  the  work  is  lo  be  done,  progres-  and  develop- 
ment may  be  delayed  in  that  the  contractor  having  no 
responsibility  for  the  performance,  provided  the  workman- 
ship is  good,  loses  the  incentive  to  advance  design,  and  it 
is,  generally  speaking,  the  contractor  who  has  the  greater 
oppoitunilv  of  becoming  a  specialist  in  the  apparatus  he 
is  turning  oul.  TiKieaic,  of  course,  exceptional  cases,  such 
as  the  development  of  a  power  supply  syMcni  which  neces- 
sitates a  nunibei  of  gcirs  to  perform  the  same  duty.  Then 
the  purchaser,  profiling  by  the  experience  of  gear  already 
in  unc  doing  the  >amc  duly,  may  be  in  a  belter  position  than 
the  contractor  to  know  what  will  best  suil  the  ca»e. 
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Mr.  D.  M.  MACLEOD  :  The  author  rightly  insists  upon 
the  importance  of  the  General  Conditions  of  Contract.  I 
consider  such  conditions  to  be  an  essential  part  of  all 
specifications,  otherwise  the  purchaser  might  unknowingly 
incur  very  heavy  penalties  owing  to  the  use  of  patented 
apparatus  and  to  such  contingencies  as  the  contractor  find- 
ing himself  unable  to  implement  his  contract.  It  is  extra- 
ordinary that  while  most  engineers  recognize  the  impor- 
tance of  drawing  up  a  clearly  worded  specification  for 
capital  plant,  only  a  few  take  the  trouble  to  extend  this 
system  to  cover  consumable  stores,  which  in  my  opinion  is 
quite  as  important  in  many  respects  as  a  specification  for 
capital  plant.  I  think  it  is  to  the  credit  of  most  public 
bodies  in  this  country  that  they  have  recognized  the  im- 
portance of  including  specifications  for  stores.  The  author 
refers  to  the  question  of  vagueness  in  specifications. 
Sometimes  specifications  are  left  purposely  vague.  The 
author's  remarks  in  regard  to  coal  purchases  are  very 
instructive.  Probably  there  is  nothing  more  unscientific 
than  the  manner  in  which  coal  is  usually  purchased,  unless 
perhaps  it  is  the  manner  in  which  it  is  used.  When  we 
consider  that  the  annual  output  of  coal  in  this  country 
ranges  from  260  to  300  million  tons  per  annum,  we  can 
see  at  once  the  importance  of  trying  as  far  as  possible  to 
economize  in  our  natural  wealth.  A  great  many  engineers 
in  this  country  seem  to  have  been  influenced  to  a  very  large 
extent  by  the  supposed  economy  effected  by  using  small 
coal.  One  can  understand  such  coal  being  economical  a 
number  of  years  ago  when  colliery  owners  were  only  too 
pleased  to  get  rid  of  it  for  5s.  or  6s.  a  ton,  but  when  one 
has  to  pay  something  like  15s.  a  ton  for  small  coal  it  will 
be  found  that  there  is  greater  economy  in  purchasing  large 
coal  and  crushing- it  down  to  make  it  suitable  for  one's 
grates.  The  Clyde  Valley  Power  Company  have  made 
fairly  extensive  purchases  along  these  lines  for  years  past, 
and  the  results  are  very  gratifying.  With  regard  to  the 
cables  lor  distribution,  I  wonder  why  the  author  has  not 
referred  to  armoured  cables  laid  direct  in  the  ground. 
This  type  of  construction  is  largelj'  adopted  now,  particu- 
larly in  rural  districts.  When  one  has  to  carry  out  work  in 
remote  country  districts  the  question  of  carriage  becomes 
serious,  and  by  the  use  of  armoured  cables  great  economj' 
is  effected.  Finallj-,  I  think  there  is  no  doubt  that  where 
specifications  are  drawn  up  by  skilled  engineers  who  know 
what  they  want  and  insist  upon  getting  it,  nothing  but 
good  can  result. 

Mr.  J.  M.  M.  MuxRO  :  The  clause  which  the  author 
does  not  like,  namely,  that  "  notwithstanding  any  errors 
or  omissions,  the  things  omitted  shall  be  deemed  to  be 
included  as  though  specifically  mentioned,"  may  appear 
unfair  in  a  contract,  but  it  saves  much  needless  detail. 
No  man  can  specify  every  item  of  construction,  nor  can 
he  provide  clauses  agamst  every  contingency  and  possible 
trick  of  trade.  Hence  the  need  that  the  engineer  should 
reserve  to  himself  somewhat  wide  and  arbitrary  powers. 
In  the  end,  contractor  and  client  alike  must  trust  their 
engineer.  If  he  cannot  be  so  trusted  he  is  of  little  use. 
One  of  the  benefits  of  having  a  competent  and  reliable 
engineer  is  that  any  tender,  even  it  the  lowest,  can  be 
safely  accepted  ;  j-et  consulting  engineers  should  not 
cease  to  ask  for  a  big  measure  of  freedom  when  the 
choice  of  a  tender,  not  necessarily  the  cheapest,  and  not 
necessarily  from  the  firm  of  biggest  repute,  is  to  be  de- 
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cided.     But  once   this   principle  of   freedom  is  acknow-  Mr. 
ledged,  the   wise   engineer  will   immediately  set    himself  """'"'• 
to  limit  that  freedom   as  rigidly  as   his   specifying   skill 
will  permit.     In  some  things  he  can  almost  succeed.     In 
coal,  for  instance,  as  we  have  seen   from   the  examples 

I  given  by  the  author — though  even  here  (in  second  column 
of  page  365)  he  mentions  one  point  which  may  set  a  limit 
to  slavish  adherence  to  the  rule  of  accepting  the  lowest 
tender.  In  the  paper  it  is  stated  that  "  this  method  of 
'buying  coal  is  unique."  I  do  not  .suppose  that  this  is 
intended  to  mean  that  the  method  is  suggested  for  the  first 
time.  I  believe  that  Glasgow  buys  or  tried  to  buy  its  coal 
on  a  thermal  unit  basis.  They  at  least  specify  the  mini- 
mum thermal  units  which  they  are  going  to  accept,  and 
they  doubtless  put  a  value,  when  comparing  tenders,  upon 
the  thermal  value  guaranteed  for  each  class  of  coal.  'The 
author  mentions  that  he  reduces  his  tenders  to  the  common 
denomination  of  a  normal  coal.  I  should  like  to  know  if 
details  of  this  standard  are  stated  in  his  specifications,  as 
well  as  the  minimum  values  acceptable.  Another  thing 
in  following  the  process  of  fixing  a  basis  of  price  is  that 
it  would  be  necessary,  every  time  that  a  sample  was  taken 

,    for  a  test,  to  have  a  corresponding  sample  laid  by,  sealed 

,  and  marked.  This  would  be  useful  in  the  event  of  dispute 
and  arbitration.  Would  it  not  be  worth  while  to  have  all 
the  samples  taken  and  tested  by  a  neutral  party  agreed 

I  upon  by  both  sides  ?  This  is  certainly  the  ideal  method 
of  buying  coal  and  I  am  surprised  to  hear,  from  the  ex- 
perience of  those  who  have  been  buying  large  quantities, 
that  the  colliery  people  refuse  to  countenance  the  prin- 
ciple of  payment  based  on  heat  value  of  coal  actually 
supplied.  As  regards  the  laying  of  cable  conduits,  there 
is  apt  to  be  difficult)'  even  if  the  author's  schedule  is  very 
elaborate  and  complete.  There  is  often  a  fine  line  of  dis- 
tinction, as  between  different  degrees  of  hardness  of  rock 
for  example,  between  items  of  widely  differing  price.  The 
more  probable  differences  can  be  described  and  made 
subject  to  easy  test.  As  for  the  rest,  here  again  reliance 
must  be  placed  on  the  fairness  and  common  sense  of  the 
consulting  engineer.  I  cordially  agree  with  the  author's 
general  remarks  in  the  closing  paragraph  of  the  paper. 

Mr.  T.  K.  Stothert  :  If  contractors  were  always  honest,  Mr. 
possibty  general  conditions  and  stringent  clauses  in  speci- 
fications would  not  be  required,  but  it  is  certain  that  the 
requirements  of  the  purchaser  must  be  made  known 
before  the  contractor  can  get  out  his  bills  of  quantities 
and  prices.  I  agree  with  the  author  that  specifications 
should  be  drafted  in  the  simplest  language,  and  that 
general  conditions  imposed  by  legal  minds,  which  can 
only  be  understood  by  a  mind  of  this  description,  should 
be  avoided  in  order  to  save  complications  and  possibly 
law-suits.  I  thoroughly  agree  with  the  author  with  regard 
to  the  "omissions  clause,"  which  is  sometimes  found  in 
specifications  even  to-day,  and  I  am  somewhat  surprised 
that  Mr.  Munro  should  defend  this  clause.  The  pur- 
chaser's consulting  engineer  should  surely  know  what  he 
requires  better  than  the  contractor  can  possibl)'  do.  All 
that  a  contractor  should  have  to  do  is  to  price  his  bills  of 
quantities,  and  he  is  just  as  liable  as  the  engineer  to  make 
an  omission  on  some  point  which  is  not  clear  from  the 
drawings  or  specifications ;  moreover,  if  he  accepts  the 
omissions  clause,  the  contractor  has  to  suffer  the  financial 
penalty,  which   is   not  the  case  with    the  consulting   en- 


Stothert. 
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H,.  ..r.     If  he  omits  anything,  it  is  his  client  who  suffers. 

*"**"  .1  bif;  contract  it   is   not   always   possible   to   include 

liitlc  details,  and  therefore  it  is  more  satisfactory  to 
quote  to  a  schedule  prepared  by  either  tlie  contractor 
or  the  consulting  engineer.  It  is  sometimes  specified 
that  the  engineer  shall  be  the  sole  arbiter,  that  the  plant 
shall  be  to  the  engineer's  entire  satisfaction,  and  shall 
be  first  class  in  every  particular.  If  such  conditions 
arc  accepted  and  the  contract  is  proceeded  with,  then 
;  because  no  contractor  in  making  out 

..1  possibly  s.-»y  what  the  sole  arbiter 
nuglil  CuaMvitr  lirst  class,  and  what  would  entirely  satisfy 
him.  Any  contractor  of  experience  would  insist  upon  an 
arbitration  clause,  and  that  the  word  "  entire  "  should  be 
replaced  by  the  word  •'  reasonable."  The  consulting 
engineer  should  not  be  the  sole  arbiter.  In  my  opinion 
his  duties  arc  to  hold  the  balance  between  the  contractor 
and  his  cUent,  and  after  many  years  of  contracting,  I  have 
come  to  know  that  the  more  experience  a  consulting  en- 
gineer has,  the  better  it  is  for  both  the  contractor  and  his 
client ;  for  he  does  not,  if  he  is  wise,  place  his  contracts 
with  a  contractor  who  is  likely  to  l>c  "full  of  tricks" 
and  who  endeavours  to  defraud  the  purchaser  in  petty 
ways  which  will  put  a  few  pounds  into  his  pocket. 
Although  with  some  classes  of  material  it  might  be 
practicable  to  make  a  rule  that  the  lowest  tender  be 
accepted,  in  general  I  think  there  is  a  danger  in  doing 
so.  It  would  be  necessary  that  .ill  the  tenderers  should 
be  kn'^wn  In  be  men  of  experience  in  the  particular  kind 
of  p  it  is  intended  to  purchase.     With  regard  to 

the  .  :   buying  coal  at  its  calorific  value,  I   agree 

with  Mr.  I'age  that  it  is  impossible  in  this  district  to  get 
the  €0.11  >upplicrs  to  tender  on  this  basis.  I  should  like  to 
know  the  author's  method  of  arriving  at  the  ailorific  value 
of  the  fuel — how  the  fuel  is  sampled,  and  who  fixes  the 
calorific  value  at  the  time  of  purchase.  It  would  also 
be  i^'  'to  know  where  the  coal  is  weighed.     If  it 

is  r  .  ic.  and  the  cilorific  value  is  taken  at   the 

•  1  at  the  central  station,  the 
.. ,  t  weather  is  very  consider,ibly 
mcrcascd,  as  well  as  the  weight. 
ill.  Diauc.  Mr.  W.  Dixox  (communicateJ)  :  While  appreciating 
that  specifications  are  necessary  in  connection  with 
engineering  projects,  I  am  afraid  I  am  out  of  sympathy 
with  the  spirit  which  has  induced  the  British  Klectrical 
and  Allied  Manufacturers'  Association  and  the  Institution 
|o   draw    up    tlicir    Model   Ticncr-il   Conditions.     Provided 

■iibly  honest  the  question 
.ind  conditions  are  con- 
cerned, IS  reasonably  met  by  the  ordinary  British   sense 
of   juMicc   and   fair   play   and    the   existing   laws  of    the 
country.     If   either  of   the   parties  to  the   bargain   lacks 

rca-' ■••'•''■    ' 'V.  then   I   am  not  aware  of  any  set  of 

ICTi  ns  which  would  effectually  protect  the 

.10    to   independent   aibitration.     I 

:his  desire  fur  standard  terms  and 

'   the  purchaser 

.  agent — ilid  not 

t   thry  wanted.     Mosi   of   the  technical 

I"  our  industry  I  think  arise  from  the 

fact  that  the  is  not  able  to  stale  in  sufi'iciently 

ew'  ''■••■•«  ■  .c»  want,  to  preclude  a  number  of 

thi;  ]y  doc*  not  want  ;  which  specifica- 


tion, in  the  hands  of  a  manufacturer,  leaves  a  very  big  Mr  otatB. 
m;irgin  for  interpretation.  Coupled  with  this  condition 
there  is  the  fetish  of  imagining  that  the  lowest  offer  is 
usually  the  one  that  can  be  readily  accepted.  With  these 
conditions  perpetual  trouble  will  always  arise.  There  is 
pcrh.ips  another  fetish  largely  prevalent,  but  not  generally 
acknowledged,  which  accounts,  or  has  accounted,  for  a 
good  deal  of  trouble,  namely,  that  it  is  the  purchaser's 
object  to  gel  more  than  ^i.ooo  worth  of  goods  for  ;£i,ooo, 
or  that  in  some  way  the  object  of  obt.iining  tenders  is  to 
find  some  manufacturer  who  is  cither  a  philanthropist 
or  a  fool. 

Mr.  P.  Hl'tchison  {communicated):  As  there  seems  M: 
to  be  a  great  diversity  of  opinion  in  tliis  countrj"  in  reg.ard  "''-'''•* 
to  the  benefits  to  be  derived  from  the  issue  of  specifica- 
tions, it  may  perhaps  interest  members  to  hear  of  a  country 
where  the  practice  is  non-existent  I  have  resided  for  a 
number  of  years  in  China  and  the  kind  of  enquiry  wo 
receive  is  as  follows  :  a  feed-pump  for  203  kw.,  a  boiler 
for  3,ooo  l.imps,  or  a  steamer  "  all  the  same  you  build 
before  .time  but  more  big."  China  is  a  country  that 
would  benefit  greatly  by  the  employment  of  consulting 
engineers  and  tlie  issue  of  simple  specifications,  but  the 
Chinese  resolutely  refuse  to  utilize  their  scr\'icc5.  In 
connection  with  the  author's  remarks  on  specifications 
for  coal,  I  call  to  mind  a  sm.all  electric  lighting  plant  in 
England  where  considerable  trouble  was  experienced 
owing  to  vari.-itions  in  the  quality  of  the  coal.  The 
engineer  decided  to  make  the  coal  contractor  jointly 
responsible  for  tlic  units  generated  :  a  meter  was  put  in 
a  small  house  and  two  special  locks  were  put  on  the  door, 
the  engineer  keeping  one  key  and  the  coal  contractor  the 
other.  At  regular  periods  readings  were  taken  in  the 
presence  of  both  p.arties,  and  the  coal  contractor  was  paid 
on  the  records.  The  first  year's  contract  was  m.ide  at 
the  rate  of  o'jSd.  per  unit  generated,  and  the  second  year 
was  taken  at  o'34d.  per  unit,  so  I  assume  that  the  contractor 
was  quite  satisfied  with  his  bargain. 

Mr.  J.  SiiKi'HEKi)  (tn  reply) :  In  reply  to  Mr.  Page  I  am  ^|'  ^ 
afraid  the  ide.d  specification  which  he  expected  is  one 
which  no  one  can  write,  as  no  specification  can  cover  cor- 
rectly all  circumstances.  If  he  was  thinking  of  general 
conditions  onlv,  there  arc  those  issued  by  the  Institution 
which  should  find  general  acceptance,  but  even  in  the  most 
limited  form  of  specification  drafting  there  is  anything 
but  geiier.al  agreement.  As  a  Large  purch.ascr  of  plant, 
Mr.  Page  generally  agrees  with  me  that  a  detailed  form  of 
specification  is  desirable  from  the  purchaser's  standpoint, 
and  that  is  Ihe  universal  experience  of  any  purcl'iscr  of 
plant  on  a  large  scale,  especially  when  such  plant  is 
required  to  work  on  a  large  power  system.  Whilst  it  is 
difiicult  to  purchase  complicated  machinery  on  the  basis  of 
lowest  price,  such  are  Ihe  conditions  of  pureh.asc  of  many 
public  bodies  ;  and  the  paper  was  an  attempt  to  show  how 
such  conditions  might  lie  met.  With  regard  to  the  pur- 
chase of  coal  by  specification,  I  deal  with  this  matter  Ik-Iow, 
but  the  purchase  of  coal  in  this  way  when  delivery  is  made 
in  comparalivrlv  small  lol»  by  r.iilway  w.igi;oiis,  has  of 
course  coil  difficulties.     The  swilchgcar  referred 

to  in   Mr.  i  Deluding  remarks  was  in  no  way  in- 

ferior to  begin  with,  judging  from  the  condition  of  the  art 
at  the  lime  of  purchase,  and  h.id  such  gear  been  worked 
on  a  smaller  system  or  on  lighting  circuits,  the  trouble 
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experienced  would  probably  not  have  occurred  ;  in  other 
^"  '  words,  standard  switchgear  is  not  generally  suitable  for 
heavy  duties  resulting  from  large  systems.  With  respect 
to  the  draw-in  system  of  cable  ducts,  I  understand  that 
such  a  system  is  adopted  in  Glasgow  for  the  tramway 
electrification. 

I  agree  with  Mr.  Seddon  that  it  would  certainly  be 
desirable  for  both  purchasers  and  manufacturers  to  agree 
on  an  equitable  set  of  standard  general  conditions,  and  it 
surely  should  not  be  beyond  the  wit  of  man  to  dravi-  up 
a  set  acceptable  to  both  parties.  Whilst  Mr.  Seddon's 
remarks  regarding  detailed  specifications  may  be  true 
academically,  they  do  not  apply  to  various  classes  of 
manufacture  where  competition  has  in  many  instances 
forced  a  somewhat  inferior  article  on  the  market,  par- 
ticularly in  switchgear.  With  regard  to  the  thermal  losses 
in  a  station,  the  utmost  efficiency  in  a  well-designed 
station  between  B.Th.U.'s  in  the  coal  and  units  generated, 
does  not,  as  a  rule,  exceed  ii  or  12  per  cent.  The  greater 
part  of  this  loss  occurs,  not  in  the  steam  pipes,  however, 
but  in  the  turbine,  and  the  bulk  of  the  heat  losses  (from  50 
to  60  per  cent)  is  carried  away  in  condensing  water.  With 
well-laid  and  well-lagged  steam  pipes,  the  losses  in  them 
can  be  made  extremely  small,  and  cases  are  known  of 
highly  superheated  steam  conveyed  thousands  of  feet  at 
moderate  losses,  the  loss  per  thousand  feet  being  about 
2^  per  cent  in  pressure  and  6  per  cent  in  temperature. 

In  reply  to  Mr.  Morgan,  the  question  of  coal  purchases  I 
deal  with  below.  With  respect  to  the  specification  for 
switchgear,  if  the  purchaser  knows  what  he  wants  (and  he 
ought  to  be  the  best  judge)  it  is  better  for  him  to  state  his 
requirements  in  detail,  especially  if  they  are  of  more  than 
ordinary'  severity,  and  I  have  no  doubt  whatever  that  Mr. 
Morgan  would  be  of  the  same  opinion  had  his  experience 
been  with  large  power  systems. 

In  reply  to  Mr.  Macleod,  the  demand  for  small  coal  has 
been  so  extensive  of  late  that  many  users  have  found  it 
economical  to  buy  larger  sizes  of  coal  and  to  crush  locally 
to  a  size  more  suitable  for  burning  on  mechanical  stokers. 
In  reply  to  his  remarks  respecting  armoured  cable,  there 
is  no  doubt  that  this  cable  is,  and  will  be,  largely  used. 
•  In  reply  to  ^Ir.  Munro,  I  am  afraid  he  will  find  that  the 
clause  respecting  errors  and  omissions  is  not  generally 
acceptable.  Personally  I  do  not  think  the  clause  is  equit- 
able, and  the  difficulties  regarding  small  extras  can.  easily 
be  met  in  the  contract  by  a  provisional  sum  for  the  pur- 
chase of  such  extras  as  and  when  they  arise.  Generally 
speaking,  the  variation  allowed  for  such  extras  is  10  per 
cent  of  the  contract  amount,  but  in  large  contracts  5  per 
cent  is  usually  ample.  With  respect  to  the  difliculty  of 
accepting  the  lowest  tender,  this  has  not  been  experienced 
when  careful  specifications  are  drafted,  and  the  practice  of 
accepting  the  lowest  tender  has  advantages  as  well  as  dis- 
advantages.    The  question  of  coal  is  dealt  with  below. 

It  is  certainly  interesting  to  find  that  so  experienced  an 
engineer  on  the  selling  side  as  Mr.  Stothert  agrees  so 


closely  with  the  author  regarding  the  general  question  Mr. 
underlying  the  drafting  of  specifications.  The  clause  S'^'^P"'"- 
respecting  errors  and  omissions  I  have  dealt  with  already, 
and  is  one  which  need  not  give  difficulty  in  practice. 
With  regard  to  the  engineer's  requirements  of  "  first  class 
work"  to  "his  entire  satisfaction,"  there  is  of  course  the 
difficulty  of  definition,  and  agreement  as  to  the  meaning  of 
"  first  class  "  and  with  his  "  reasonable  "  satisfaction,  and 
there  remains  no  entirely  satisfactory  solution  of  the 
difficulty  especially  when  the  contractor  and  the  engineer 
meet  for  the  first  time  on  a  contract. 

The  conditions  which  Mr.  Dixon  outlines  are,  I  conclude, 
those  of  a  private  buyer  and  are  scarcely  those  discussed 
in  the  paper. 

With  respect  to  the  general  remarks  that  have  been 
made  regarding  the  purchase  of  coal  on  a  calorific  basis, 
several  of  the  questions  put  are  answered  in  the  paper. 
There  are  generally  two  schools  of  opinion  : — 

(i)  That  the  method  of  purchasing  by  analysis  is  satis- 
factory from  a  theoretical  pomt  of  view,  but  it  is  too 
academic  to  apply  in  practice.  To  such  opinion  one  can 
only  say  that  the  purchase  in  this  way  has  been  actually 
applied  in  practice  for  large  supplies  and  for  several  years 
with  satisfactory  results,  and  I  fail  to  see  why  the  chief 
raw  material  for  most  electrical  industries  should  be 
bought  without  reference  to  its  chief  and  most  useful  con- 
stituent, and  how  long  this  is  likely  to  continue  with  a 
commercial  people  is  questionable,  but  there  is  no  doubt 
whatever  that  in  the  future  the  purchase  of  coal  will  be  of 
a  more  scientific  character  than  in  the  past. 

(2)  The  other  school  of  opinion  holds  that  the  best 
method  is  to  try  varying  samples  of  coal,  and  having  met 
that  which  bests  suits  the  local  requirements,  to  purchase 
such  fuel  at  a  fixed  price.  Having  regard  to  the  varying 
quality  of  coal  from  the  same  pit  and  under  the  same  con- 
ditions, and  during  a  comparatively  short  time,  it  is  some- 
what extraordinary  that  with  wide  variation  in  quality, 
buyers  are  willing  to  pay  fixed  prices  for  varying  qualities 
of  fuel. 

With  specific  reference  to  Mr.  Stothert's  inquiries,  the 
value  of  the  fuel  offered  was  given  by  the  merchant  on  his 
tender  form  when  tendering,  and  was  considered  together 
with  his  price.  The  sampling  was  made  b}-  taking  a 
shovelful  of  coal  out  of  every  50  tons  ;  the  various  shovel- 
fuls were  collected  together  and  then  crushed  by  a  com- 
bined crusher  and  sampler.  The  coal  was  weighed  at  the 
station  as  delivered  and  the  specification  states  how  allow- 
ance for  the  moisture  is  made  in  determining  the  price. 
The  question  as  to  how  long  producers  of  high-class  coal 
will  be  content  to  sell  in  competition  with  low-class  coal 
without  themselves  wishing  to  sell  on  a  calorific  value,  is 
a  matter  which  only  the  future  can  determine.  It  is  any- 
thing but  uncommon  to  find  purchases  at  fixed  prices  of 
coal  having  an  ash  content  of  over  30  per  cent  and  a 
calorific  value  of  less  than  11,000  B.Th.U.,  and  though  such 
coal  appears  cheap  to  buy,  it  is  anything  but  cheap  to  burn. 
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of  phase  with  the  main  current,  while  the  skin-cffcct  may 
cause  variations  in  the  distribution  of  the  current  over  the 
cross-section  of  the  main  conductors  with  changes  in 
frequency,  and  this  may  consequently  affect  both  the 
magnitude  and  the  phase  of  the  active  part  of  the  main- 
coil  flux.  It  should  be  remembered  that  the  active 
conductors  of  the  pressure  coil  cannot  be  made  to  cm- 
brace  .more  than  a  small  portion  of  the  main-coil  flux, 
and  for  successful  working  this  portion  must  always  be 
a  definite  fraction  of,  and  in  the  same  phase  as  the  whole 
flux.  It  is  not  very  difficult  to  eliminate  eddy-currents 
by  avoiding  the  use  of  metal  supports,  etc.,  and  having  the 
main  coils  formed  of  stranded  conductors,  each  strand  being 
insulated  ;  but  in  order  that  the  current  distribution  may 
be  maintained  constant  independently  of  changes  in  the 
frequency  of  the  current,  it  is  necessarj-  that  every  strand 
of  the  conductor  have  the  same  timc-const-int  ^L/R).  In 
the  ordinary  form  of  dyn.imometer  w.-ittmetcr  the  main- 
current  conductor  is  in  the  form  of  a  coil  of  one  or  more 
turns,  and  there  are  many  diflicultics  in  the  way  of  the 
satisfactory  stranding  of  the  conductor,  if  it  is  intended  for 
currents  of  upwards  of  1,000  amperes. 

The  theorj"  of  the  dynamometer  wattmeter  has  been 
very  fully  investigated  alrcidy,-  and  the  present  contribu- 
tion deals  with  a  form  of  w.-ittmeter  in  which  the  Iheoictical 
conditions  are  maintained  in  instruments  for  currents  of 
upwards  of  1,000  amperes. 

In  the  wattmeter  now  to  be  described  the  author  h.is 
made  use  of  the  concentric  magnetic  field  which  is  formed 
between  two  concentric  conductors  when  a  current  is 
maintained  in  them  in  opposite  directions.! 

If  a  wire  be  wound  uniformly  over  the  surface  of  a  ring 
as  shown  in  Fig.  1,  the  magnetic  field  produced  when 
a  current  is  maintained  in  the  wire  is  symmetrical  about 
the  principal  axis  of  the  ring.  So  that  every  turn  of  the 
wire  encloses  the  same  magnetic  flux,  and,  prcsnm.iMy,  has 
the  same  ohniic  resistance,  and  therefore  the  same  time- 
constant.  If  all  the  turns  are  cut  and  their  ends  securely 
connected  to  copper  end-plates  (Kig.  2\  the  turns  will 
be  connected  in  parallel  instc.id  of  in  series,  and  the  time- 
constant  of  anyone  turn  will  still  remain  the  same  as  that 
of  every  other  turn,  since  each  will  be  of  the  same  resist- 
ance and  will  embrace  the  same  flux.  Therefore  if  an 
alternating  current  be  maint.iined  in  the  coil  thus  formed 
it  will  he  uniformly  distributed  over  tlic  turns,  and  the 
uniform  distribution  of  the  current  will  be  unaffected  by 
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changes  in  the  frequency.  It  is  imperative  that  the  wind- 
ing be  perfectl}'  symmetrical,  and  in  making  up  an  actual 
coil  many  difficulties  had  to  be  overcome  before  a  satis- 
factory construction  was  obtained. 


Fig.  I. — Closed  ring  winding  ;  magnetic  field  concentric  with 
axis  perpendicular  to  plane  of  paper. 

Fig.  3  illustrates  how  the  pressure  coils  may  be  arranged 
within  the  current  coil.  Two  coils  are  used  in  order  to 
render  the  system  astatic  to  uniform  stray  magnetic  fields. 

Copper 
biscs 


Fig.  2. — Sectional  view  showing  how  turns  of  ring  winding 
may  be  arranged  in  parallel.     Two  turris  only  shown. 

The  magnetic  axes  of  the  pressure  coils  are  nominally 
perpendicular  to  the  direction  of  the  flux  produced  in  the 
main  coil,  and  the  result  is  a  turning  moment  about 
a  vertical  axis. 

COXSTRUCTION   OF  THE   CURRENT  COIL. 

The  difficulties  met  with   in  the  production  of  a  con- 
centric-field wattmeter  are  : 

(i)  The  construction  of  a  current  coil  in  vi-hich  the  phase 
difference  between  the  flux  and  the  current  that 
produces  it  is  negligibly  small. 

(2)  The  making  of  a  mechanical  joint  in  the  current  coil, 

which  permits  of  the  easy  insertion  of  the  pressure 
coils,  but  does  not  introduce  a  phase  error  in  the 
current  coil. 

(3)  The  design  and  construction  of   the  most   suitable 

form  of  pressure  coils. 

Below  are  given  descriptions  of  the  various  models  with 
which   the  author   experimented,  and   the  defects   found 
in  them. 
The  author's  first  idea  was  to  construct  a  system  similar 


to  that  in  the  Kelvin  kilowatt  balance,  but  with  a  return 
conductor  formed  by  an  outer  tube  divided  longitudinally 
into  two  halves  and  arranged  concentrically  with  the 
inner  tubes.  The  movable  system  could  be  made  to  have 
its  axis  of  turning  either  horizontal  or  vertical,  depending 
on  whether  it  is  intended  to  use  a  gravity  or  a  spring 
control.  Such  an  arrangement  was  not,  however,  adopted 
until  recently. 

Model  coil  No.  i. — The  first  current  coil  made  up  is 
illustrated  in  Fig.  3.  Fifty  coils,  each  formed  as  shown  at 
A,  were  made  up  froin  No.  12  S.W.G.  cotton-covered 
copper  wire,  and  these — or  48  of  them — were  mounted  on 
a  slotted  wooden  cylinder  as  shown  at  B.  The  ends  of  the 
coils  were  connected  up  to  form  four  sets,  each  of  12  coils 
in  parallel,  and  these  four  sets  were  connected  in  series 
with  one  another.  Two  of  the  coils,  25  and  50,  were  left 
out  as  shown,  in  order  to  admit  of  the  insertion  of  the 
pressure  coils.  The  ends  of  the  12  coils,  which  were  con- 
nected together  in  parallel,  were,  in  this  case,  brought 
together  and  soldered  into  cable  sockets.  The  movable 
system  consisted  of  two  coils,  each  having  an  outside 
diameter  of  ij  in.,  and  wound  with  300  turns  of  No.  36 
S.W.G.  silk-covered  copper  wire. 

The  model  was  connected  up  in  conjunction  with  the 
loo-ampere  Duddell-Mather  wattmeter  in  the  manner 
described  on  pages  390  and  399,  and  the  phase  relation 
between  the  main  current  and  the  main-current  flux  in 
the  author's  and  the  Duddell-Mather  wattmeters  respec- 
tively, was  compared  at  a  frequency  of  50  periods.  The 
phase  relation  differed  in  the  two  instruments  by  6  minutes 
(o'ooi75  radian),  the  flux  leading  the  current  in  the  concen- 
tric instrument.  It  may  be  mentioned  here  that  the  wooden 
cylinder  on  which  the  coils  were  mounted  was,  by  a  mis- 
take, made  too  small  in  diameter.  As  a  result  the  coils 
could  not  be  placed  around  it  quite  symmetrically,  and  it 
was  thought  at  the  time  that  the  small  phase  disturbance 
was  due  to  this  want  of  symmetry. 

Model  coil  No.  2. — The  next  coil  made  up  is  illustrated 
by  Fig.  4.  Each  of  the  24  elemental  coils  consisted  of 
two  turns  of  No.  12  S.XV.G.  bare  copper  wire,  and  a  thin 
silk  ribbon  was  interlaced  between  the  sides  A  of  the  wires 
to  insulate  them  from  one  another.  The  ends  of  the  coils 
were  soft  soldered  to  the  copper  end-plates  B  and  C,  and 
these  end-plates  were  brazed  on  to  the  concentrically 
arranged  tubes  E  and  F.  Connections  were  made  with 
the  tubes  by  means  of  heavy  terminal  blocks.  The 
measured  phase  error  in  this  case  was  12  minutes,  and 
the  error  was  again  attributed  to  want  of  symmetry  in 
the  coils. 

Model  coil  No.  3. — The  third  coil  is  shown  in  Fig.  5. 
This  was  made  up  from  copper  tubes,  the  joints  A  and  B 
being  brazed,  and  the  joints  C  and  D  soft  soldered.  Slots 
were  cut  in  the  tubes  as  shown  in  order  to  admit  of  the 
insertion  of  the  pressure  coils,  which  were  slipped  through 
the  slots  and  then  turned  round.  The  measured  phase 
error  in  this  case  was  about  21  minutes,  and  it  was  evident 
that  the  coils  were  getting  worse  instead  of  better.  It  was 
therefore  decided  to  try  and  improve  model  No.  i. 

Model  coil  No.  4. — The  coils  were  taken  off  the  cylinder  in 
model  No.  i  and  mounted  on  a  new  wooden  cylinder  made 
to  the  correct  dimensions.  The  No.  2  model  was  taken 
adrift  and  the  end-plates  and  tubes  were  used  to  connect 
up  the  ends  of  the  coils  on  the  new  cylinder.     At  first 
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Fig.  3. — Current  clement  (or  concentric  wattmeter,  made  up  of  formed  coils  A,  mounted  on  a  slotted  wooden  cylinder  B. 
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48  coils  were  put  on  the  cylinder,  spaces  being  left  for  the 
insertion  of  the  pressure  coils.  On  testing,  the  phase 
error  was  again  about  6  minutes — flux  leading  relativel)' 
to  the  current — and  it  was  thought  that  probabty  the 
trouble  in  all  cases  was  due  to  the  gaps  left  for  the  inser- 
tion of  the  pressure  coils.  It  was  considered  that  this 
defect  might  be  eliminated  by  making  each  elemental  coil 
a  two-turn  coil,  connecting  a  turn  near  the  gap  in  series 
with  a  turn  remote  from  the  gap.  Thus,  referring  to  Fig.  3, 
by  connecting  the  following  pairs  of  coils  in  series  : 


No.    I  and  Xo.  37 


35 


and  Xo.  13  and  Xo.  49 
14       ..        48 


12  and  Xo.  26 


24  and  No.  38 


No.  3  if  slots  were  cut  in  the  tubes  all  round  at  uniform 
intervals.  This  would  have  been  a  rather  troublesome 
operation,  so,  instead,  a  new  model  was  made  as  shown  in 
Fig.  6.  It  was  necessary  to  have  some  form  of  gap  in  the 
outer  conductor  in  order  that  the  pressure  coils  might  be 
inserted,  and  in  the  model  under  consideration  the  wires 
forming  the  outer  cage  were  spaced  sufficiently  far  apart  to 
admit  of  the  pressure  coils  being  passed  between  con- 
secutive wires.  Symmetry  is  thus  preserved  in  the  inner 
conductor  bj'  having  it  continuous,  and  in  the  outer 
conductor  by  having  gaps  at  equal  intervals  all  rounds 
On  testing  for  phase  error  the  results  were  similar  to- 
those  obtained  with  model  4. 

At  this  point  it  was  decided  to  overhaul  the  testing 
circuit  thoroughly,  and  to  eliminate  anything  which  might 
conceivably  affect  the  results.  Further,  it  was  decided  to. 
determine  whether  it  was  possible  to  obtain  the  desired 
result  by  using  a  comparatively  long  single  conductor  as  the 


F1G.6A. 
Figs.  6,  6a,  an"d  6b. — Concentric  current  element  with  tubular  inner  conductor  and  wire-cage  outer  conductor. 


On  doing  this,  however,  no  better  results  were  obtained.  The 
connections  were  again  arranged  so  that  all  the  coils  were 
in  parallel,  and  the  two  coils  which  had  been  previously 
left  out  were  now  added.  One  coil  only  of  the  movable 
system  was  inserted,  and  on  test  a  more  satisfactory  result 
obtained.  However,  on  turning  the  current  coil  round 
and  testing  with  the  pressure  coil  between  successive 
turns  ot  the  main  coil,  the  phase  error  was  found  to  vary, 
being  zero  in  some  places.  At  other  places  the  flux  was 
leading  relatively  to  the  current,  and  at  others  lagging. 

Model  coil  iVo.  5. — An  attempt  was  made  to  get  a  more 
symmetrical  winding  b\-  using  a  tube  for  the  inner  con- 
ductor, and  a  number  of  wires  placed  symmetrically 
round  the  tube  to  form  the  outer  conductor.  It  was 
thought  that  better  results  might  obtain  with  tubular  model 


main-current  conductor.  For  this  purpose  a  standard 
tubular  resistance  of  constantan,  24  in.  long  and  o'8  in. 
outside  diameter,  was  chosen  as  the  conductor,  and  the 
leads  connecting  to  tlie  tube  were  kept  as  far  as  possible 
in  line  with  the  axis  of  the  tube.  This  tube  did  not  give 
the  desired  result,  and  ultimately  a  length  of  No.  12 
S.W.G.  copper  wire  was  substituted  for  the  tube.  It  was 
concluded  that  with  a  wire  of  this  size  the  testing  current 
of  100  amperes  could  hardly  distribute  itself  over  the 
cross-sectional  area  otherwise  than  uniformh',  and  meas- 
urable eddy  currents  would  be  very  ualikely.  On  test- 
ing, the  desired  result  was  not  obtained,  however  ;  but 
it  was  found  afterwards  that  the  defect  in  this  case 
was  due  to  the  effect  of  stray  magnetic  fields  from  the 
main-current  leads,  as  an  astatic  pressure  coil  was  not 
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used.     On   substituting  an   astatic  pressure   coil,  and  rc- 
a  !,v^'n,,'  the  leads  to  reduce  the  stray  field  effect,  quite 
.  results  were  obtained  with  tlic  No.  12  wire,  and 
jj  ...«.iiLi>  with  the  constantan  tube.     Model  coil  No.  5, 
however,  did  not  yet  give  satisfactory  results  even  with  the 
astatic  coil. 
Continuous  current  was  next  passed  through  coil  No.  5, 
of  a  reflecting   galvanometer  the  drop  of 
I  ,U  of  the  wires  forming  the  outer  conductor 

was  iK'tcd.  These  potential  differences,  of  course,  should 
all  be  t!ic  s.\mc  if  the  current  is  evenly  distributed  over  the 
wires,  but  actually  they  differed  consideralily,  and  this  was 
found  to  be  due  to  imperfect  soldering  between  some  of 
the  wires  and  the  end-plates.  An  attempt  was  made  to 
remedy  this  defect  by  scraping  the  wires,  but  the  attempt 
was  not  successful.  New  wires  were  substituted,  particular 
attention  being  paid  to  the  soldering  into  the  cnd-platcs. 
On  re-testing  for  pressure  drop  in  the  wires,  much  more 
uniform  results  were  obtained,  but  there  was  still  a  phase 
error  with  the  coil.  Next  the  potenti.il  difference  lietwecn 
the  inner  tube  and  the  end-plate  was  measured  at  different 
pbces,  as  indicated  by  a,  h,  c,  etc.,  in  Fig.  7.     In  this  case 


the  variation  of  the  potential  difference  was  found  to  be 
very  serious  indeed  ;  and  herein  lay  the  greater  part  of  the 
trouble.  The  deflections  representing  the  potential  differ- 
ences on  the  wires  were  very  nearly  uniform,  varying  from 
•34'5  •"  '3''  ;  ''"•  "ic  value  134S  was  obtained  only  on  one 
of  the  wires,  the  value  most  common  being  135-5.  It 
will  l>c  seen  from  Table  1,  however,  that  the  deflections 
representing  the  potential  differences  between  the  inner 
lube  and  the  end-plate  vary  by  more  than  30  per  cent. 
Thi».  of  course,  was  preventing  the  uniform  distribution  of 
1  III    in    the   inner   tube.      The   phase    difference 

'  '')'•  m.iin  current  ind  llic  main-current  flux  w-as 

ifound  the  inner  tube  and  the 
i  I.     It  will  be  seen  that  the 

phuc  of  the  main-current  flux  varict  relatively  to  the  main 
current  t>ctwecn  10  minutes  Iciding  and  13  minutes 
I'KltinK'  It  will  be  noted  also  that  in  pacing  from  gap 
Ko.  -  '  No.  4,  the  phase  erroi  changes  from  a  leading 

to   .•  lie:  and   it   wat  thuu^lit   that    probably  an 

lor.     This  was 

I  g,«p  Nu.  25,  which  lict  between 


Table  i. 

Phase  Difference-'  betueeii  the  Main  Current  and  the  Main- 
current  Flux  instde  Ike  Cage,  at  Different  Positions 
around  the  Inner  Tube,  ns  shovn  by  Fig.  7. 
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As  previously  stated,  the  joints  between  the  tubes  and 
the  end-plates  had  been  brazed,  and  this  was  done  in  order 
that  the  wires  forming  the  outer  cigc  might  be  soft 
soldered  in  position  afterwards  williout  disturbing  the 
joints  at  llie  tubes.  It  would  appear  that  a  brazed  joint  is 
not  at  all  s.itisfactory  for  this  particular  purpose.  For 
a  trial,  the  end  of  the  inner  tube  and  pUite  were  faced 
up,  and  rings  of  copper  soldered  on  as  shown  in  Fig.  6a. 
This  did  not  prove  satisfactory,  but  by  taking  the  coil 
adrift  and  putting  the  ring  on  as  sliown  in  Fig.  6b, 
and  paying  careful  attention  to  all  joints,  satisfactory 
results  were  at  last  obtained. 

Model  coil  \'o.  6. — This  is  shown  in  Fig.  8,  and  was 
made  up  in  such  a  way  as  to  avoid,  as  far  as  possible,  the 
defects  of  the  previous  models.  It  was  evident  that  the 
resistances  of  the  joints  are  comparable  w-ith  the  resist- 
ances of  the  lubes  and  wires,  and  the  new  model  is 
designed  to  make  the_ resistances  of  the  joints  as  uniform 
and  as  low  .as  possible.  The  coil  resembles  a  squirrel 
cage  and  the  instrument  is  spontaneously  christened  a 
"  squirrel-cage  "  wattmeter  by  those  who  see  it  for  the 
first  lime.  The  inner  conductor  is  formed  of  a  straight 
copper  tube  A,  i|  in.  outside  diameter  and  3/16  in.  wall. 
The  outer  conductor  is  formed  of  40  No.  10  S.W.G.  copper 
wires  arranged  symmetrically  .iround  the  inner  tube.  The 
ends  of  these  wires  terminate  in  the  heavy  brass  end- 
plates  B  and  C,  and  an  additional  tube  !>  is  used  for 
conveying  the  current  to  the  end-plate  C.  Heavy  terminal 
block^  K  and  F,  fitted  with  copper  strips,  are  srciired  to 
the  ends  of  the  lubes.  Although  Ihc  lube>>arc  solid  drawn, 
it  was  thought  desirable  to  Ixirc  and  turn  them.  The  end- 
plates  are  made  )  in.  thick,  and  are  provided  with  Ixtsscs 
where  they  fit  on  to  the  main  tubes,  thus  giving  the  joints 
a  l.irgc  cioss-scclinnal  area,  and  all  the  joints  arc  soft 
soldeicd.  Very  good  results  were  obtained  with  this  coil, 
and  Ihc  phase  error  as  compared  with  the  Duddcll-Mather 
i(>o  ampere  iiislruniciil  wasof  smaller  dimensions  than  one 
minute  (.ictu.illy  0000}  radian). 
Two  instruments  were  made  up  with  these  coils,  one 
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a  reflecting  type  with  bi-filar  control,  and  the  other  a 
torsion-head  instrument.  The  reflecting  instrument  was 
used  in  this  form  for  some  time  and  gave  very  satisfactory 
results.  Most  of  the  tests  detailed  below  were  carried  out 
on  this  instrument,  the  pressure  coils  being  those  illustrated 
in  Fig.  13. 

The  current-carrying  capacity  of  the  current  coil  is 
limited  largely  by  the  carrying  capacity  of  the  inner  con- 
ductor. This  conductor  may  be  solid  instead  of  tubular, 
but  with  the  tubular  construction  the  carrying  capacity 
may  be  much  increased  by  maintaining  a  stream  of  water 
through  the  tube.     The  current  element  described  above 

Part    section 


in  this  direction  were  made  more  recently'  and  a  quite 
successful  joint  has  been  made.  From  the  experience 
gained  in  the  experiments  with  the  earlier  models,  a 
mechanical  joint  in  the  cage  was  to  be  feared ;  but, 
nevertheless,  it  was  decided  to  make  experiments  before 
abandoning  the  idea.  However,  to  make  a  satisfactory 
joint  careful  machining  was  necessary,  and  as  all  the 
machine  tools  in  the  workshop  were  fully  occupied  with 
other  important  work,  the  following  method  of  jointing 
was  tried  first  : — 

The  end-plate  C,   Fig.  8,  was  unsoldered  from  the  40 
wires  forming  the  outer  conductor,  and  40  new  pieces  of 
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Part  end  view 
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Part  end  view 
Fig.  8. — Improved  cage  form  of  current  element. 
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Fig.  10. — Jlechanical  joint  in  current  element. 


will  carry  a  current  of  about  1,500  amperes  for  a  short 
time  without  undue  heating,  and  the  torsion-head  instru- 
ment was  always  used  without  water  cooling.  In  the  case 
of  the  reflecting  instrument,  however,  the  movements  of 
the  pressure  coil  are  so  much  magnified  that  it  is  found 
advisable  always  to  have  a  small  stream  of  water  flowing 
through  the  inner  tube,  in  order  to  prevent  convection 
currents  of  air  from  causing  false  deflections  of  the  movable 
coils. 

Mech.axical  Joints  ix  the  Main  Coil. 

Although  the  results  of  the  tests  showed  that  instruments 
constructed  as  described  above  are  electrically  satisfactorj', 
the  constructional  advantages  to  be  gained  by  having  a 
joint  in  the  cage  were  never  lost  sight  of.     Experiments 


wire,  each  2  in.  long,  were  soldered  into  this  plate.  A  new 
pressure  coil  (Fig.  14)  was  slipped  over  the  inner  tube, 
and  then  each  pair  of  wires  was  joined  by  means  of  short 
pieces,  each  i  in.  long,  of  copper  tubing  and  soldered,  as 
shown  in  Fig.  9.  It  was  possible  to  make  each  of  these 
joints  separately  without  unduly  heating  any  other  part  of 
the  coil  or  damaging  the  pressure  coil.  On  re-testing, 
there  was  found  to  be  no  phase  disturbance  in  the  main 
coil,  so  that  one  method  of  opening  and  closing  the  cage 
was  discovered.  The  disadvantages  ware  that  it  was  a 
somewhat  tedious  operation  to  open  and  close  the  cage, 
and — owing  to  the  fact  that  it  was  not  permissible  to  heat 
up  all  the  joints  together — some  of  the  wires  in  the  outer 
cage  were  buckled,  due  to  uneven  expansion  and  con- 
traction. 
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An  altcnipt  was  made  in  Ihc  second  cage  to  withdraw 
the  inner  tube  from  its  cnd-plaie  by  heating  Ihc  boss  ;  but 
the  liibc  rc^i»led  njovcmeiit  even  when  the  joldcr  was 
I-  heal  travelled  rather  rapidly  to  the 

I  ige,  the  result  being  that  the  pressure 

coil — whicii  had  not  been  removed — was  heated  up  sufh- 
cicntly  to  soften  the  ebonite  cheeks  on  which  the  coils 
Were  >upp(irted.  This  method,  not  a  very  attractive  one 
even  It  successful,  was  therefore  abandoned. 

Kxpcriments  were  next  m.ade  on  the  cage  with  the 
jointed  wires  in  order  to  determine  what  eflcct  was  pro- 
duced on  the  phase  of  the  main-coil  flux  when  one  or 
more  joints  were  opened.  The  wires  were  numbered  as 
in  Kig.  II,  and  the  pressure  coil  (Kig.  14)  was  used.  The 
wattmeter  was  arranged  with  the  Duddell-Mather  instru- 
ment as  in  previous  tests,  i.e.  with  pressure  coils  and  main 
coils  in  scries  respectively.  First  it  was  verified  tii.it 
both  instruments  indicated  zero  simultaneously  when  the 
currents  in  the  movable  and  fixed  coils  were  in  quadrature 
with  each  other.  Conductor  No.  8  was  then  opened  and 
the  result  was  a  phase  error  of  4-8  minutes,  the  active  part 
of  the  flux  l.igging  behind  the  main  current.  Conductor 
No.  9  was  then  also  opened  and  the  phase  error  was  in- 
creased to  7  5  minutes.  This  made  it  obvious  that  the 
distribution  of  the  current  in  the  outer  conductor  is  of 
considerable  imporlancc.  The  two  wires  8  and  9  were 
next  re-connected  and  different  combinations  of  wires 
opened,  and  the  results  of  testing  for  phase  errors  are  set 
out  in  Table  2.     Referring  to  Fig.  1 1,  it  will  be  noted  that 

Table  2. 


Wl«i  Opened 

Phav  Error 

I 

Nos.  40,  1,  10,  II, 

Nil 

20,  21,  30,  31 

II 

40.  1,  20,  21, 
30.  3 « 

10  minutes.   Flux  leading  current 

III 

,, 

20,  21,30,31 

•■5      ..            -.     lagging       „ 

IV 

11 

3".  3' 

>>         

v 

If 

10,  11,30.31 

'""5     ••           »         II            II 

VI 

,, 

5.  ^  «5.   >6. 

Somewhat  variable,  error   small 

25.  ^'.  35.  3'' 

and  tendency  to  lagging 

Ml 

" 

15.  16,25,26, 

3v  y'> 

II                  11                  II 

VIII 

•• 

::v  26,35,36 

"                              M                              It 

in  casci  I  and  V'l  gaps  were  made  at  equal  intervals,  but 
in  I  the  gaps  were  remote  from  the  nominally  active  sides 
of  Ihc  ni<.v;ililr  coils,  while  in  VI  the  g^ips  were  made  in 
'1  'le>.     When  g.ips  are  made,  however,  the 

I  '  the  movable  coils  cannot  be  considered 

i'  <  c  there  will  be  magnetic  leakage.     It  is  also 

1'  that  the  magnetic  leakage  which  results  when 

the  uniformity  of  the  outer  conductor  is  disturbed  causes 
a  rediMribulion  of  Ihc  current  in  the  inner  tube,  and  also 
give*  ri»c  to  eddy  turrcnln. 

'  'ained  in  thin  IcI,  and  from  the  fact 

'  111'-  wiics  Ml  Ihc  outer  cage  did  not 

•'  ror,  the  aiilhiii  concluded 

'  .    int  in  Ihc  outer  cage  would 

I  lally  It  did  so. 

'  .  -i;  the  joint  i»  shown  in  Fig.  10. 


The  40  wires  forming  the  outer  cage  arc  soldered  into 
Ihc  end-plate  A  at  one  end,  and  into  the  brass  ring  R 
at  the  other  end.  The  contiguous  faces  of  the  ring  and 
the  end-plate  Li  are  machined  for  a  true  fit,  and  the 
end-plate  is  centred  into  the  ring  and  fastened  to  it 
by  means  of  20  screws.  Satisfactory  results  were  not 
at  first  obtained,  even  when  the  faces  forming  the  joint 
were  ground  together,  the  phase  error  amounting  to  a 
maximum  of  2  or  3  minutes,  and  varying  as  the  end-plate 
was  turned  round  in  its  scaling  and  fastened  to  the  ring 
in  different  positions.  On  close  examinatiun  it  was  found 
that  the  ends  of  the  copper  wires  projected  very  slightly 
above  the  surface  of  the  brass  ring.  This,  however,  was 
only  evident  from  the  indentations  produced  in  the  end- 
plate  B  .ifter  it  had  been  tightly  fastened  to  the  ring. 
An  annular  groove  G  was  then  turned  in  the  end-plate. 


Vm.  II. 

On  re-testing,  a  satisfactory  result  was  obtained  ;  and  it 
was  found  possible  to  turn  the  cnd-plalc  round  in  its 
seating,  and  to  fasten  the  ring  and  end-plate  together 
in  any  position  without  introducing  any  phase  error. 
The  surfaces  forming  the  joint  were  always  carefully 
cleaned  and  covered  with  paraffin  oil  before  being 
bulled  together. 

In  a  future  construction  it  is  intended  to  make  Ihc  joint 
in  the  middle  of  the  cage,  as  shown  in  I-'ig.  \2.  Tliis 
melhod  has  several  advant.iges  over  the  method  shown 
in  Fig.  10.  In  the  first  place  it  is  not  necessary  to  have 
the  pressure  coils  of  a  form  which  can  be  passed  between 
the  wires  of  the  cage  or  through  the  ring  R.  This  being 
so,  it  follows  that  the  wires  forming  the  oiiler  cage  m.iy 
be  spaced  closer  logelhcr,  or  made  in  Ihc  form  of  a  con- 
tinuous lube.  Thus  a  "shell"  may  be  subsliluled  for  Ihc 
"cage,"  and  should  form  a  simpler  construction.  The 
shell  wiiiild  also  form  an  effective  draught  screen  for 
Ihc  movable  coils.  The  only  apparent  disadvantage 
secmit  to  be  that  the  movable  coils  cannot  be  inspected 
unlcits  the  main  coil  be  opened. 
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Pressure  Coils  for  Coxcextric  Wattmeter. 

The  form  of  pressure  coil  used  in  the  wattmeter  before 
it  was  found  permissible  to  construct  the  main  cage  in  two 
separate  parts  is  shown  in  Fig.  13.  It  is  made  up  of  two 
coils  A  and  B,  wound  on  flat  ebonite  bobbins,  the  length 
of  the  bobbins  being  such  as  to  admit  of  their  being  passed 
between  the  wires  forming  the  outer  cage.  The  bobbins 
were  joined  together  by  the  ebonite  strips  C  and  D  by 
means  of  "  Eureka  "  pins.  One  of  the  strips  was  fixed  in 
position  before  the  coil  was  put  into  the  cage,  and  the 
other  was  pinned  in  afterw.ards.  The  pieces  of  ebonite 
E  and   F  were  also  secured  to  the  bobbins  by  means  of 


formed  as  shown  and  mounted  on  a  mica  disc.  Each  coil 
consists  of  50  turns  and  the  four  coils  are  connected  in 
series.  This  coil  was  made  up  completely  without  the 
cage  and  was  then  slipped  between  the  wires  of  the  outer 
cage  and  the  inner  tube  inserted.  With  the  same  sus- 
pension, the  deflection  per  watt  on  the  instrument  was 
about  the  same  as  with  the  coils  shown  in  Fig.  13,  but 
there  is  considerable  improvement  due  to  the  smaller 
weight,  greater  rigidity,  and  smaller  self-induction.  With 
regard  to  rigidity,  however,  this  coil  had  some  defects.  The 
zero  of  the  instrument  would  sometimes  change — about 
1/20  to  i/io  in.  at  a  radius  of  2  metres — for  apparently  no 
reason  whatever.     The  only  explanation  appears  to  be  that 
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Fig   12. — Current  element  for  concentric  dynamometer  wattmeter,  with  outer  conductor  formed  of  a  shell  cast  in  two  halves. 


Eureka  pins,  and  support  the  Eureka  wires  G  and  H  which 
serve  for  the  suspension  and  the  damping  vane  respec- 
tivel}'.  Each  coil  consists  of  500  turns  of  Xo.  36  S.W.G. 
silk-covered  copper  wire,  and  the  coils  are  connected  per- 
manently in  series  with  each  other  to  the  ligaments  form- 
ing the  bi-filar  control.  Full  particulars  are  given  in 
Fig.  13.  These  coils  served  for  all  the  tests  made  on 
the  instrument  before  the  cage  was  made  in  two  separate 
parts.  The  defects  in  these  coils  were  due  largely  to  its 
being  necessary  to  build  them  up  within  the  cage.  They 
are  heavy,  and  not  quite  so  rigid  as  is  desirable  for  a 
reflecting  instrument. 

The  second  coil,  constructed  after  the  cage  was  made  in 
two  parts,  is  shown  in  Fig.  14.     It  consists  of  four  coils 


it  was  due  to  slight  distortion  of  the  mica — which  was  shel- 
laced— with  changes  in  temperature  or  humidit}'  of  the 
surrounding  atmosphere.  The  amount  of  displacement  of 
the  zero  at  a  radius  of  2  metres  would  be  quite  undetect- 
able in  a  non-reflecting  instrument  with  a  pointer  6  in.  or 
12  in.  long.  It  may  be  remarked  here  that  a  similar  dis- 
placement of  the  zero  takes  place  in  the  Duddell-Mather 
instrument  if  the  full-load  currents  are  maintained  in  the 
coils  for  a  considerable  time.  The  eiid  of  the  indicating 
vane  deflects  about  0-5  mm.  to  i  mm.,  and  the  author  at 
first  attributed  this  to  the  expansion  of  tlie  control  spring 
with  increase  of  temperature.  On  close  investigation,  how- 
ever, it  was  found  that  the  deflection  is  in  the  opposite 
direction  to  that  which  would  result  from  the  expansion  of 
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tb*  «r""R  '"<'  '•  '*  therefore  concluded  that  it  is  the  result      of  two  D-shaped  coils,  each  of  loo  turns,  mounted  in  an 
of  of  the  mica  slicct  on  which  the  movable  coils       ebonite  ring.     The  torque  is  greater  with  this  coil  than 

V-  ••     No  trouble  of  this  sort  is  noted  in  another       with  the  previous  coils,  a  much  more  stable  zero  obtains, 


Fig.  13.— Movable  sj-slcm  with  coils  mounted  on  ebonite 
bobbins. 


w.c. 

1  I '  milliticnrict. 


instrument  in  which  the  coils  are  made  up  as  in  Fig.  15, 
in  which  there  is  no  mica  support  or  other  former. 


rcoil 


Copper  coil 


Kic.  15 — Movable  system  made  up  without  supporting  frame. 
0-shapcd  coils. 


CboniCe  nng 


Copper  coil 


Fia.  14.-  Movable  tyUcm  with  ooIU  mounlcd  on  a  mica  di»c 


wo. 

»■'  i'tt*  10  wfri  -an.  i[ii,cn(ic». 


Kio.  lb  — O  uliapcd  ciiU  in  ebonite  ring. 

\ 

-      ,'SW.O 

ltMiuvUiM4  wi  i;\u  fc^U  111  Kikfc  ■>  A  .(  milUhcnilcft 


•  lie  third  form  c»f  c     '  m   Fiji.    ,ri,  .mcl    was       .md  it   has  been  used  in  the  instrument  up  In  the  lime  of 

dc«i({ncd  in  the  firrt  li  .,Iy  |i,c  most  suit.iblc       writing.     The  D  shaped  coils  are  probably  the  bcsl  form 

form  which  could  be  buill  up  wilUin  the  cage.     It  con»i»ts    I   to  u»c  in  instruments  of  the  dcfleclional  type,  but  the  con- 
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struction  just  described  gives  too  heavy  a  coil.  Experi- 
ments are  being  made  with  a  view  to  reducing  the  weight 
and  period  of  swing,  and  to  substituting  air  damping  in 
place  of  the  oil  damping. 

In  an  instrument  made  with  a  coil  of  the  form  shown  in 
Fig.  15  the  torque  varied  verj'  considerably  with  variation 
in  the  angle  between  the  magnetic  axes  of  the  main  and 
movable  coils.  The  results  are  given  in  Table  3.  An 
investigation  into  the  torque  produced  in  coils  varying  in 
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60  30  o  30  60  90 

Deg-rees  deflection  from  perpendiculdr  position 

17. — Relation   between  torque  factor  and  deflection  for 
D-shaped  coils  for  different  values  of  the  ratio  l\a. 


shape  from  that  of  Fig.  15  to  that  of  Fig.  16,  and  modify- 
ing the  dimensions  a  and  /  (Fig.  33,  Appendix),  showed 
that  it  is  possible  to  dimension  the  coils  so  that  the  torque 
is  almost  independent  of  the  angular  relation  between  the 
magnetic  axes  over  about  80°  to  90°  (40°  to  45°  on  either 
side  of  the  perpendicular  position).  The  curves  in  Fig.  17 
show  the   relation    between   the  torque   factor*   and  the 
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Atbached 
to  fixed  pa-rt 


Fig.  iS. 


deflection  for  different  values  of  the  ratio  \\a  for  a  constant 
value  of  /.  Curve  No.  i  is  for  a  coil  of  the  form  in  Fig.  15, 
/  being  the  length  of  one  active  side  of  the  coil,  and  also 
for  the  theoretical  case  Fig.  16,  where  a  is  made  zero  and  the 
main  conductor  is  assumed  indefinitely  small  in  cross-sec- 
tion. It  will  be  noted  that  the  torque-factor  is  considerably 
reduced  as  the  ratio  //a  is  diminished,  but  when  /=  173  a, 
the  torque-factor  is  almost  constant  over  ±45°.  It  should 
be  possible  therefore  to  construct  a  deflectional-type 
instrument  with  a  practically  uniform  scale.  In  order  to 
•  Appendix. 


test  this  experimentally,  a  new  coil  of  the  form  shown  in 
Fig.  16  was  constructed,  but  with  the  dimensions  appro.\i- 
mating  to  /  =  173  a.  For  the  test  the  main  conductor  was 
formed  of  a  straight  copper  rod,  and  the  test  was  made 
with  continuous  current.  In  the  first  test  the  movement  was 
suspended  by  a  phosphor-bronze  strip  which  formed  one  of 
the  connections  to  the  coils,  and  a  spiral  spring  was  used 
for  the  second  connection  and  for  additional  control.  A 
scale  of  degrees  was  used  to  measure  the  deflection.  This 
arrangement  did  not  give  a  deflection  proportional  to  the 
watts,  but  it  was  found  that  the  spiral  spring  moved  the 

Table  3. 

Relation  belween  Deflection  in  Degrees  and  Watts,  with 
Coils  shaped  as  in  Figs.  15  and  16. 


Coils  (Fig.  I 

6) 

Spiral  Spring  Conlrol 

Helical  Spring 
Conlrol 

Dei^rees 

Degrees 

Degrees 

Walls 

Degrees 
defln. 

Differ- 
ence 
per  J  00 
Walts 

W.itts 

Degrees 
defln. 

Differ- 
ence 
per  100 
Watts 

Degrees 
defln. 

Differ- 
ence 
per  100 
Walts 

0 

25-0 

6-0 

0 

0 

6'0 

0"3 

57 

20 

31-0 

5-4 

10 

6-0 

6-4 

6-0 

60 

40 

36-4 

4-8 

20 

12-4 

6-0 

I2'0 

57 

60 

41-2 

4-8 

30 

18-4 

5-9 

177 

5-8 

80 

46-0 

50 

40 

24-3 

6-1 

23'S 

57 

100 

Sro 

5'o 

5° 

30-4 

6-1 

29-2 

5-5 

120 

56-0 

6-0 

60 

36-5 

6-0 

347 

5-6 

140 

62-0 

8-0 

70 

42-5 

6-0 

40-3 

57 

160 

700 

80 

90 

100 

no 

120 
130 
140 
150 

4«-5 
SS-o 
6r8 
68-5 

75-4 
8r6 

6-5 
6-8 
67 
6-9 
6-2 
5-4 

46-0 

Si"S 
57'2 
63-0 
690 

75-1 
81-2 
87-2 

5-5 
57 
5-8 
6-0 
6-1 
6-1 
6-0 

(The  figures  under  watts  in  the  table  represent  values 
proportional  to  the  watts  but  not  necessarily  actual  watts. 
The  figures  in  the  difference  columns  represent  the  change 
in  the  deflection  per  100  units  of  power.) 

position  of  the  axis  of  rotation  of  the  coi'  when  the  coil  was 
deflected.  Thus,  in  Fig.  18,  if  the  rotation  of  the  axis  is 
clockwise,  the  axis  of  the  coil  is  moved  laterally  to  the  left, 
while  if  the  rotation  is  anti-clockwise  the  axis  is  moved 
to  the  right.  It  would  therefore  appear  that  a  spiral- 
spring  control  is    unsuitable    for    a    suspended    type    of 
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morcmcnL      A    helical    sprinf;  was  substituted    for    the 


ol 
P' 


and  the  figures  obtained  on  rc-tcstinf;  arc 
.bic  3.     It  will   be   ><.-cn  tliat  llic  deflections 

vcrj'  nearly  ;  ■  il  to  the  watt>.     This 

..!v  is  also  of  a.i .  .1  zero  or  torsioii-hcad 


I 


Section  ciiroughAB 

Fio.  19. — Balance-type  mov-able  coils  arranged  with  vertical 
axis  "f  turning  for  torsion-head  instruments. 

V.  •  mmt  ■«  8  framiiic*. 
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InducUncc ol  4  coUs  in  leHct  b  0*9  miltihenn-. 

types  of  instruments,  since  a  small  change  in  the  angular 
relation  between  the  axes  of  the  main  and  movablecoil 
fluxes  should  not  introduce  any  change  in  tlic  constant 
ol  the  instrument. 
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of  the  fixed  and  mo\-able  coils,  resulting  from  the  deflec- 
tions due  to  the  currents,  or  from  slight  accidental  damage 
to  the  movement.  It  will  be  seen  by  referring  to  Fig.  35 
and  Table  7  that  when  tlie  dimensions  x  =  ^ y  a  arc  chosen, 
appreciable  changes  in  the  position  of  the  movable  coils 
relatively  with  the  main  conductor,  vertically  or  laterally, 
produce  only  very  slight  changes  in  the  magnitude  of  the 
deflecting  force.  In  an  actual  experimenlal  test  with  a 
movement  of  the  dimensions  shown  in  Fig.  19,*  it  was 
found  that  lowering  the  coils  5  millimetres  from  the  neutral 
position,  resulted  in  a  change  in  the  force  (about  a  vertical 
axis)  of  only  08  per  cent.  In  F'ig.  20  .are  curves  showing 
the  relation  between  the  torque  factor  and  tlie  displace- 
ment /(,  for  coils  where  1=3  cm.  \  .and  for  different  values 
of  a.  The  best  result  obtains  when  .v  =  ^^3  "•  It  may  be 
observed  that  the  curves  in  Fig.  17  arc  of  the  same  general 
shape  as  those  in  F'ig.  20. 

Some  Comparative  Tests  made  between  the 

CONCKXTRIC   and    DL'DIIELL-MaTHER    iNSTKfMENTS. 

The  following  results  were  obtiined  by  comp.aring  the 
readings  on  the  author's  instrument  with  those  on  the 
Duddell-Mather,  and,  as  previously  stated,  the  tests  were 
made  on  the  concentric  instrument  as  constructed  before 
the  cage  was  made  in  two  separate  parts. 

Teils  for  phtue  difference  bcl\iccn  tiu.x  and  current  in  the 
main  coil. — The  main-current  coils  of  the  two  instruments 
were  connected  in  series  with  e.ach  other  and  a  suitable 
resistance,  to  one  generator  of  the  double  alternator  set,  J 
and  the  pressure  coils  of  the  two  instruments  were  .also 
connected  in  series  with  each  other  .and  a  non-inductive 
resistance  to  the  second  generator  (F"ig  30).  The  phase  of 
the  current  in  the  pressure  coils  was  then  adjusted  until 
the  reading  on  the  concentric  wattmeter  was  zero,  and 
the  readings  of  the  main-coil  and  pressure-coil  currents, 
and  the  indication  on  the  Duddell-Mather  instrument  were 
noted.     These  observations  were  : 

Main-coil  current        100  amperes. 
I'ressuiecoil  current     o'l  ampere. 
Resist.ince  of  pressure-coil  circuit   i.ooo  ohms. 
Walts  indicated  by  concentric  instrument  o. 

„  Duddell-Mather  instrument  2. 

F'requcncy  of  llie  current  50  periods. 
Total  volt-amperes  =  100  x  0"l  X  1,000=  10,000. 

If  it  be  assumed  that  the  flux  in  the  main  coil  of  the 
Duddell-Mather  instrument  is  strictly  in  phase  with  the 
m.ain  current,  and  if  9  be  the  angle  between  the  flux  and 
the  current  in  the  concentric  instrument,  then 


.Sin  «  =  ,v-T.- 


Watts 


and 


Volt-amperes 
0^0*0002  radian 


=  0*0002 


This  is  a  very  small  phase  error,  and  the  wattmeter 
would  only  need  coriecting  if  it  were  used  on  a  very  low 
power  factor.  F'or  example,  if  the  power  factor  were  c  I 
the  correction  would  be  about  oj  per  cent.     It  may  be 

*  A    movrmrni   M   I  hew  illmcnuinnt  i»  •uiUI>lc  for  »  I>in>i<>n-I)e4d 

ncni.  Ihc   main    conductur  nl    uhicli    liM   a    currcnt-carryiDK 

!  V  fM  \oo  aiii|vrc« 

•  -  ■  ' -' Ic  (nr  a  lialancc  in  wliich  tit* 
main  ,  icily  ol  j.joo  ainrcm. 
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stated  here,  however,  that  the  cages  of  the  two  concentric 
wattmeters  have- since  been  rebuilt,  each  in  two  parts,  and 
tests  carried  out  on  them  in  the  manner  described  above 
indicate  that  the  phases  of  the  fluxes  in  the  concentric  and 
DuddcU-Mather  instruments  are  in  exact  agreement. 

In  carrying  out  the  test  the  lo  coils  of  the  Duddell- 
Mather  instrument  were  connected  in  parallel,  so  that  the 
instrument  was  arranged  for  a  full-load  current  of  loo 
amperes.  It  was  thought  desirable  to  determine  whether 
bad  contacts  at  the  plugs  in  the  commutator  affected  the 
relative  phases  of  the  flux  and  current  in  the  main  coils. 


it  will  be  seen  that  when  corrections  are  made  for  the 
pressure-coil  lag  the  two  instruments  agree  as  nearly  as 
they  can  be  read.  The  ratio  of  the  deflections  on  the  two 
instruments,  as  shown  in  the  last  column,  remains  constant 
and  independent  of  the  power  factor. 

Another  series  of  observations  was  then  taken  with  the 
resistances  of  the  pressure-coil  circuits  increased  so  that 
the  error  due  to  pressure-coil  lag  was  negligibly  small  in 
both  cases.  The  resistance  of  the  Duddell-Mather  instru- 
ment was  made  up  to  20,000  ohms,  and  that  of  the  con- 
centric   instrument    to    40,000    ohms,    and    comparisons 


Table 


Power  Factor 

Deflection  on  Concentric 
Instrument 

Deflection  Corrected  for 
Lng  in  Pressure  Coil 

Deflection  oa 
Duddell-Rlather 

Deflection  Corrected  for 
Lag  in  Pressure  Coil 

Ratio 

Duddell-Mather 

Concentric 

Unity         

o'5  leading  current 
0-5  lagging 

Unity         

0'3  leading  current 
o'3  lagging 

Unity         

o-i/  leading  current 
0-17  lagging 

280 
280 
280 

145 
145 

100 
100 
100 

280 
2807 

279-3 

14565 

i44'35 

100 
1009 
991 

99-63 
99-85 

99'5 

51-85 
520 

51-6 

35-7 
36*0 

35-43 

9965 

99-9 

99-45 

51-85 
52-05 

51-55 

35-7 
36-0, 

35-38 

3.559 
3.559 

3.561 

3.576 
3.57s 
3.571 

3.570 
3.575 
3.570 

The  corrections  for  phase  lag  in  the  pressure  coils  were  obtained  by  means  of  Fig.  23. 

Inductance  of  pressure  coils  of  concentric  wattmeter  =    13-6  milli-henries. 

Resistance  of  pressure-coil  circuit  of  concentric  wattmeter  =  2,950  ohms. 

Inductance  of  pressure  coils  of  Duddell-Mather  wattmeter  =      5-7  milli-henries. 

Resistance  of  pressure-coil  circuit  of  Duddell-Mather  wattmeter  =  3,000  ohms. 

Frequency  of  current  ^  50  periods. 


Several  observations  were  made  on  the  two  instruments 
with  one  or  more  of  the  Duddell-Mather  coils  open  cir- 
cuited, and  also  with  one  or  more  of  the  plugs  loosened  ; 
but  under  all  conditions  the  two  instruments  showed  the 
same  relative  phase  difference  (0-0002  radian)  between  the 
fluxes.  This  is  really  a  severe  test  for  the  Duddell-Mather 
instrument,  and  the  author  concluded  therefore  that  it 
was  safe  to  rely  on  the  instrument  as  a  standard  for  the 
comparison. 

Tests  at  different  poiver  factors. — The  concentric  and  the 
DuddcU-Mather  instruments  were  connected  up  in  the 
usual  manner  adopted  for  the  comparison  of  the  readings 
of  two  wattmeters,  and  observations  were  made  at  power 
factors  of  unity,  0-5,  0-3,  and  o'i7,  with  leading  and  lagging 
currents.  The  scale  used  with  the  concentric  instrument 
is  a  uniformly  divided  one,  and  the  deflection  is  not  exactly 
proportional  to  the  watts  ;  so  that  in  order  to  avoid  errors 
due  to  scale  calibration,  the  deflection  was  maintained  at 
the  same  value  for  the  three  measurements  on  unity  and 
o'5  power  factor  with  leading  and  lagging  currents,  by 
varying  the  main  current  at  the  same  time  as  the  power 
factor  was  varied  ;  i.e.  the  watts  were  kept  constant  but 
the  power  factor  varied.  In  the  same  manner  the  three 
observations  made  at  unity  and  0-3  power  factor  were  taken 
at  a  fi.xed  deflection.     The  results  are  given  in  Table  4,  and 


were  made  down  to  zero  power  factor, 
set  out  in  Table  5. 

Table  5. 


The  results  are 


Reading  on 

Reading  on 

Volt-aniperes 

Power  Factor 

Concentric 

Duddell- 

Instrument 

Mather 

40,000 

0"0 

current  lagging 

0  0 

0-0 

40,000 

0'29 

f            .. 

500 

586 

17,400 

0-67 

1            .1 

50-0 

5^1 

12,400 

0-95 

.                              !. 

SO'O 

58-6 

12,600 

093 

,       leading 

500 

586 

17,700 

0-66 

,            ,, 

500 

58-65 

31,600 

0-37 

.            J. 

50-0 

58-65 

40,600 

0-29 

.             >. 

50-0 

58-65 

40,400 

0-0 

.            >> 

O'O 

O'O 

Frequency  of  current  1=50  periods. 

At  zero  power  factor  the  watts  indicated  by  the  watt- 
meter are  ±  V  I  sin  9,  where  9  is  the  phase  lag  in  the 
pressure-coil  circuit.  With  20,000  ohms  in  series  with 
the  pressure  coil,  9  for  the  Duddell-Mather  instrument 
at  50  periods  is  0-00009  radian,  and  with  40,000  volt- 
amperes  V  I  sin   9  =  3-6  watts.     The  constant  of  the  in- 
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stnimcnt  as  arranged  is  40  watts  per  mm.  on  the  scale, 
ap  ;"ic  deflection  at  zero  power  factor,  due  to  the 

,.  ;.  the  prcNSurc  coil,  is  less  than  o'l  mm.  and 

iM  unrtiiUbly  small.  Similarly,  the  power  indicated  by 
the  concentric  Instrument  would  be  4"4  watts,  and  the 
constant  of  the  instrument  is  approximately  250  watts  for 
o"l  in.  The  indication  would  thus  be  less  than  0002  in. 
(0-05  mm.V  If  the  sm.ill  phase  error  of  o'ooo2  radian 
which  was  found  to  exist  between  the  fluxes  in  the  main 
coils  of  the  two  instruments  be  taken  into  account,  the 
indication  on  the  concentric  instrument  would  be  0-005  '"• 
(o-iJ  mm.V  The  difference  in  the  deflections  on  the  two 
j,  crcfore  be  less  than  0'05  mm.,  which 

,,  ,.      I'nder  these  circumstances  both 

wattmeters  ouj>hl  to  indicate  zero  simultaneously,  and 
actually  they  did  so.  Repeated  tests  on  the  instru- 
ments confirmed  that  however  the  power  factor  was 
varied  the  indications  of  both  agreed  as  nearly  as  they 
could  be  read. 

Calibration'  and  Use  of  the  Reflectixg  Coxcextric 
Instrlmext  as  a  Standard  Wattmeter. 

The  scale  at  present  used  with  the  instrument  is  a 
straight  "ne,  43  in.  long,  divided  into  tenths  of  an  inch  and 
r  'oximatcly  2  metres  aw.iy  from  the  instrument. 

\  II  curve  may  be  used  with  the  wattmeter  when 

desired,  but  for  standard  purposes  the  deflection  is,  as  far 
as  possible,  always  arranged  to  be  either  a  fixed  value  or 
to  dei-iatc  from  the  fixed  value  by  only  a  small  amount. 
This  is  brought  about  by  varying  the  resistance  of  the 
prcs>urc-coil  circuit  until  a  suit.ible  constant  is  obtained. 
I  '    -  method  of  constant  deflection  the  ncces- 

V  out  a  correctly  divided  scale  is  avoided, 

I  •   the  work  entailed  in 

\  iimcnt  is  reduced  to  a 

:  :;i  the  event  of  il>  being  necessary  to  dis- 

t_ :i  of  the  instrument  or  the  scale,  the  new 

constant  is  readily  determined.  These  are  great  advan- 
,_  .  ..  i..^  experiments  are  being  carried  out  on  the 
1  itself. 

wattmeter     is    calibrated     by    the 

single     current     in     the    following 

t   is   arranged   with   a    standard 

>^  a  >.hunledtype  dynamometer 

•ig  as  indicated   in  Fig.  21. 

ted    in   scries   with   a   non- 

so   that   the   total  resistance  of   the 

--  •    .,   !.,>,..,;  IS  500  ohms.    A  continuous  current 

I'd  in  the  main  circuit  and  is  adjusted  until  the 

"     •         i".  obtained  on   the  wattmeter  scale. 

loured  by  means  of   a  potentiometer 

^!til  to  '.Ui.  uooi-ohm  resistance  strip.    Then 


manner  . 

1...     ,    - 
inductive 

r 


n.— The 
lit     of     a 
The    ■ 

of    ,■ 


.(      1    r- 

r  ri 
V  =^ 

4-- 


'ill  circuit, 

Ml. 

lance  K, 
ol  the  wattmeter, 

diviMon  of  the  »calc  for  a  pr.ssurr. 
'  c  of  t>ohm, 

l-'*"-'-'^,  Of  »r,/-l'K. 


That  is  to  say, 

Watts  indicated  by  instrument  =  *  rd, 

since  I'  R  is  the  power  absorbed  by  the  resistance  R.  In 
fact  it  will  be  clear  from  Fig.  21  that  the  method  of  cali- 
bration consists  in  making  the  wattmeter  measure  the 
power  absorbed  in  the  resistance  R,  and  the  true  \-alue 
of  thi>  power  is  readily  calculable  if  the  resistance  of  R 
.ind  the  value  of  the  current  arc  known.  When  the 
instrument  is  in  use  after  calibration,  if  the  resistance  of 
the  pressure-coil  circuit  be  m.idc  a  multiple  of  the  resist- 
ance r,  say  n  r,  the  watts  indicated  by  the  instrument  will 
be  n(*  r  d),  so  that  the  resistance  of  r  need  not  be  known 
in  ohms.  It  is  most  convenient,  however,  to  know  the 
exact  resistance  of  r. 

This  method  of  calibrating  ensures  a  minimum  of  errors. 
Only  one  current  has  to  be  measured,  and  in  making  the 
measurement,  therefore,  no  assumption  is  made  with 
reference  to  the  consUncy  of  a  second  current  or  pressure. 
If  the  resistance  r  is  chosen  so  that  the  desired  deflection 
is  produced  with  a  potential  difference  at  the  terminals  of 

n  fcTomemtTcn 


w*rrMcr£R 


r-^U^ °^Q 


•mnmrn- 


r 


I 


-[\-\ — WV^^A 


KiG  21. — Connections  for  calibration  of  dynamometer  as 
wattmeter  or  ammeter. 


the  resistance  R  .ibout  equal  to  that  of  a  standard  cadmium 
cell  (i.e.  a  current  of  1,000  amperes  if  R=o'ooi  ohm), 
certain  possible  errors  in  the  potentiometer  are  eliminated. 
The  potentiometer, as  such,  is  in  f.ict  quite  unnecc>sai  y  when 
the  above  conditions  obtain,  and  the  author  is  arranging 
the  testing  circuit  as  indicated  by  the  dotted  lines  in 
Fig.  21.  In  this  case  the  main  currcnl  is  .idjustcd  until 
the  potential  difference  on  the  resistance  R  exactly 
balances  the  electromotive  force  of  the  standard  cell. 
The  resistance  r  is  then  varied  until  the  required  deflec- 
tion is  obt.iined. 

The  .-iccuracy  of  the  calibr.ition  will  ohviouslv  depend 
uyon  the  accuracy  with  which  the  n  ■  1  !  r  arc 

known.      The   calil>r.iting  current  C'  crably 

reduced  by  decreasing  r  or  by  iiicreaMng  K  ;  but  one 
disadvantage  of  decreasing  r  is  thai  the  temperature 
cocflicient  of  resi>tance  of  the  pressiire-coil  circuit  is 
increased.  With  r  =  soo  ohms  the  temiHrralurc  coefficient 
of  resistance  of  the  circuit  is  less  than  o-oj  per  cent  per 
t;.  The  reduction  in  resistance  of  the  standard 
c  R,  due  to  having  the  resistance  r  coiiiu  cled 
HI  p.tiallel  with  it,  is  negligibly  small  in  the  case 
considered   (1    part    in   500,000),   but   if    R    is    increased 
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and   r  diminished,   corrections   for   this    might   become 
necessary. 

Wattmeters  for  High  and  Low  Power  Factor 
Measurements. 

In  good  dynamometer  wattmeters  designed  to  give  a 
full-scale  deflection  with  full-load  volts,  full-load  amperes, 
and  unity  power  factor,  it  is  generally  hardly  necessary  to 
make  corrections  for  the  phase  lag  in  the  pressure  coils 
even  when  the  instrument  is  used  on  low  power  factors. 
This  is  shown  by  the  following  example  : — 

Suppose  in  a  wattmeter  designed  for  loo  volts — 

inductance  of  the  pressure  coil  =  lo  milli-henries, 
resistance  of  the  pressure  coil  circuit  =  5,000  ohms, 
full-scale  deflection  =  100  divisions. 
Then,  for  full-load  volt-amperes  at  a  power  factor  of  o'l, 

deflection  on  the  scale  =  10  divisions, 
percentage  error  due  to  the  phase  lag  in  the  pressure-coil 
2  Trf  L 


100  X 


R 


X  tan  0 


100  X  2  X  3'i4  X  50  X  001 


X  9-96  =  0-63  % 


5,000 

But  as  the  deflection  is  onh'  10  divisions  on  the  scale,  this 
error  is  not  likely  to  be  greater  than  the  error  of 
observation  at  the  deflection  considered. 


results  of  tests  made  by  the  author  on  three  different 
makes  of  wattmeters  designed  for  currents  not  exceeding 
50  amperes.  Wattmeter  A  is  a  satisfactory  one  ;  but  watt- 
meters B  and  C  are  not.  It  will  be  noted  that  in  both 
B  and  C  the  instruments  indicate  high  with  leading 
currents,  whereas  the  phase  lag  in  the  pressure  coil  would 
make  them  indicate  /oic  with  leading  currents.  -The  errors 
appear  to  be  tliose  due  to  eddy  currents,  and  it  may  be 
stated  here  that  in  the  instrument  C  the  usually  non- 
inductive  resistance  is  wound  inductively,  and  its  induct- 
ance is  still  further  increased  by  threading  the  bobbin  on 
which  the  resistance  is  wound  with  one  or  two  strands  of 
iron  wire.  This  leads  to  the  assumption  that  instead  of 
devising  a  means  of  compensating  the  phase  lag  in  the 
pressure  coil,  the  phase  lag  is  increased  lo  compensate  a 
more  serious  error  in  the  opposite  direction.  The  work- 
manship in  these  (C)  instruments  is  excellent,  and  they  are 
provided  with  knife-edge  pointers  and  parallax  mirrors ; 
but  they  are  not  good  wattmeters.  It  is  obvious  that  it  is 
worse  than  useless  to  correct  for  the  phase  lag  in  the 
pressure  coils  of  wattmeters  B  and  C,  since,  as  is  shown 
by  the  table,  the  corrected  errors  would  be  greater  than 
the  observed  errors. 

The  requirements  in  a  wattmeter  for  making  accurate 
measurements  at  low  power  factors  are  much  more  exact- 
ing than  those  which  obtain  in  the  high  power  factor 
instrument.  In  making  measurements  of  the  iron  and 
copper  losses  in  large  reactance  coils,  transformers,  and 


Table  6. 


Error  due  to 

Wattmeter  Tested 

Reading  on  Watt- 
meter 

Power  Factor 

Error  (observed)  % 

Pressure-coil 
Inductance  (calcu- 
lated) % 

A. 

2,000 

I'O 

O'O 

Max.  current,  50  amps.     Max.  pressure,  150 

2,000 

0-5  lag 

O'O 

0025  high 

volts.    Resistance  of  pressure-coil  circuit, 

2,000 

0-25  lag 

00 

0-055  high 

7,245  ohms.    Inductance  of  pressure-coil. 

2,000 

0-25  lead 

05  high 

0  035  low 

3"3  milli-henries 

0 
0 

o-o  lag 
O'O  lead 

B. 

4,500 

i-o 

O'O 

Max.    current,    50    amps.    Max.   pressure, 
100    volts.     Resistance   of   pressure-coil 

3,000 

3,000 

0  67  lag 
066  lead 

i'33  low 
o"33  '"gh 

0  031  high 
0  031  low 

circuit,     3,000     ohms.      Inductance     of 
pressure-coil,  27  milli-henries 

2,000 

0-45  lag 

20  low 

o'055  high 

2,000 
1,500 

0-44  lead 
0-34  lag 

I'Oi  high 
2'o  low 

o'osS  low 
o'078  high 

1,500 

o'33  lead 

2  04  high 

o'o82  low 

C. 

2,000 

I'O 

O'O 

Max.    current,    40    amps.     Max.  pressure, 

2,000 

0-5  lag 

i'88  low 

0-83  high 

160   volts.     Resistance    of  pressure-coil 

2,000 

025  lag 

3'4;  low 

1-86  high 

circuit,  8,316  ohms.    Inductance  of  pres- 

2,000 

o'25  lead 

4'89  high 

i'86  low 

sure  coil,  II  milli-henries.  Inductance  of 

143 

O'O  lag 

pressure-coil  circuit,  128  milli-henries 

140 

O'O  lead 

The  terms  lag  and  lead  in  the  table  refer  to  the  current  with  respect  to  the  pressure. 
Th6  percentage  errors  have  been  corrected  to  be  zero  at  unity  power  factor. 


It  must  not  be  assumed,  however,  that  all  the  instruments       induction   motors,  the  power  factor  often  falls  as  low  as 


so  calibrated  are  free  from  measurable  errors  at  low  power 
factors.  There  are,  in  some  types,  serious  errors  due,  not 
to  the  phase  lag  in  the  pressure  coil,  but  to  the  other  dis- 
turbances referred  to  in  this  paper.     In  Table  6  are  the 

Vol.  55." 


o'05.  To  obtain  accurate  results  it  is  essential  that  a 
reasonably  large  deflection  be  obtained  on  the  wattmeter 
used,  and  an  instrument  is  required  which  will  give  a  full- 
scale  deflection   with  full-load  volt-amperes  and  a  power 

26 
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factor  of  about  o°i  or  even  lcs!>.  To  obtain  this  on  low- 
vottaj^  circuits,  and  at  the  same  time  to  maintain  a 
reasonably  strong  control  on  the  movement,  the  resist, 
ance  of  the  pressure-coil  circuit  has  to  be  diminished  to 
a  value  which,  in  some  cases,  makes  the  pressure-coil 
inductince  correction  somewhat  large  at  low  power 
factors.  It  is  very  important  indeed  that  there  should 
be  no  ph.isc  error  in  tlicsc  instruments  other  than  that  due 
to  the  indiicUnce  of  the  pres-urc  coil. 

To  correct  for  the  phase  lag  in  the  pressure  coil  a  curve 
like  those  in  Fig.  22  will  be  found  very  useful.  The  per- 
centage correction  is  approximately  ±  100  x  — jz —  tan  ^, 

K 

and  for  a  particular  instrument,  too  x  3  r  L  is  a  constant, 
so  that  a  curve  may  be  plotted  showing  the  relation 
between  the  power  factor  (cos  ^)  and  100  x  2rL  tan  p 
Then  to  obtain  the  pcrccntaj^c  correction  at  a  particular 
power  factor  it  is  only  necessary  to  interpolate  the  value 
of  100  X  2  ir  L  tan  ^,  and  multiply  the  x'aluc  so  obtained  by 
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Kio.  22. — Relation  between  100  x  :  ir  L  tan  f  and  cos  ^  for 
three  coils  having  the  followuig  inductances  : — 
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I 

II. 

III. 
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(frequency'resistancc).  Kor  example,  suppose  the  power 
factor  of  the  circuit  under  test  to  he  o'l,  the  frequency  50, 
and  the  resistance  of  the  pressure-coil  circuit  2,000  ohms. 
The  percentage  correction  for  the  coils  referred  to  io 
Fig.   22  would   1)C  : 

'•    85  X  ;^  =  2- 1 2  per  cent 


II. 


III. 


31  X  ,5^^  =  078  per  cent 
^        2000         '    ' 


12  X 


so   . 
2000' 


!0'3o  per  cent 


ThcM  figures  will  illu«lratc  the  advantage  gained  in  the 
concentric  in'-lnimcnl  by  u\iiig  the  pressure  coils  shown 
in  Fig.  i'>  instead  of  tho>c  %ht)wn  in  Fig.  13. 

The  experiment*  made  on  the  author's  concentric 
Instrument  «how  (hat  U  is  well  suited  In  the  low  power 
factor  measurements  referred  to  above.    The  torsinn-hcad 


instrument  previously  mentioned  was  used  for  a  short  time 
in  the  Transformer  Department  of  the  British  Westing- 
house  Company,  for  the  measurement  of  copper  losses  in 
cases  where  the  current  w.as  over  1,400  amperes  and  the 
power  factor  about  005.  and  was  found  to  be  quite  .satis- 
factory. A  unique  feature  of  this  torsion-head  instrument 
is  that  the  whole  of  the  fittings  outside  the  main  current 
element  are  made  of  metal.  This  is  a  distinct  construc- 
tional advantage  obtaining  with  the  concentric  system,  on 
account  of  there  being  no  m.agnetic  field  produced  outside 
the  cage  by  the  main  current. 

Double    Elemext  W.xttmeters    for   Two-phase   and 
Three-i'hase  Power  Measvrements. 

The  author  has  recently  made  tests  on  the  concentric 
instrument  with  the  view  to  the  construction  of  a  two- 


16-2  cat. 


Flo.  23. — .\rrangemciil  of  two  concentric  current  elements  for 
polyphase  wattmeter. 


clement  (polyphase)  standard.  Dr.  Sumpner  has  pointed  out 
that  it  is  not  possible  to  construct  an  ordinary  deflcctional 
Iwo-elcmcnl  waltineter  without  working  to  a  predeter- 
mined scale.  But  in  the  zero  types  of  instruments, 
torsion-head  and  balance,  and  also  in  a  dellectional  type 
used  at  a  constant  deflection,  this  defect  does  not  obtain. 
The  defects  in  twoclemont  dynamometer  wattmeter*, 
other  than  the  one  rcfcrretl  to,  arc  due  to  (a)  magnetic, 
(6)  electrostatic,  disturbances  between  the  two  elements  of 
the  meters.  Both  these  defects  .are  eliminated  naturally  in 
the  concentric  system,  because  (1)  the  main  currents  pro- 
duce no  m.ignctic  field  outside  the  m.iin-coil  elements, 
and  (2)  each  clement  of  the  movable  system  is  enclosed 
within  a  metal  cage  at  the  same  potential  as  itself. 
Allhougli  the  cages  may  be  at  a  comjiaralivcly  high 
difference  of  potential  from  each  other,  the  moving 
•  Jcuiiial  /.£.£.,  1908.  Vol.  41,  r»  j-9. 
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system  is  effectively  screened  from  electrostatic  dis- 
turbances. 

In  making  the  tests,  two  cages  were  arranged  as  in 
Fig.  23.  there  being  only  one  movable  coil,  and  this 
supported  within  the  top  cage.  A  potential  difference  of 
500  volts  was  applied  between  the  moving  coil  and  its 
containing  cage  and  a  deflection  of  11  divisions  was 
obtained  on  the  scale.  The  moving  coil  was  then  con- 
nected directly  to  the  cage  containing  it,  and  a  potential 
difference  of  500  volts  was  applied  between  the  two  cages. 
No  resulting  deflection  could  be  detected. 

Next,  a  current  of  about  01  ampere  was  maintained  in 
the  movable  coil,  and  a  current  of  i,ioo  amperes  in  the 
second  cage,  the   two  currents   being  adjusted  to  be  in 
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Fig.  24. — Two  wattmeter  connections  for  three-phase  power 
measurement. 


phase    with     each     other.      The    particulars     are    given 
below  : — 

Distance  between  the  centres 

of  the  cages  ^  iS'z  cm. 

Voltage  on  pressure  coil  =  92  volts. 
Current  through  second  cage    =:  1,100  amperes. 
Deflection  produced  on  scale    :=  75  divisions. 

Constant  for  wattmeter  =  000467  watt  per  ohm 

per  division. 
Resistance  of  pressure  coil         =  930  ohms. 
Watts  indicated  by  instrument  =  32-6. 
Watts  which  would  have  been 
indicated  if  the  current  and 
pressure  had  been  applied  to 
the  one  element  ^  101,200. 

The  error  introduced  is  therefore  32  parts  in  10,000. 
The  interference  is  thus  very  small  and  it  is  not  at  present 
certain  whether  it  is  due  to  magnetic  leakage  from  the 
current  cage,  or  to  straj'  fields  from  the  main  leads  con- 
necting to  the  instrument.  There  will  be  bulging  of  the 
magnetic  field  through  the  wires  forming  the  outer  con- 
ductor, but  the  magnetic  field  due  to  this  at  any  point 
without  the  cage  will  be  exceedingl)'  small  provided  that 
there  is  symmetrical  distribution  of  the  main  current. 
Further  experiments  in  this  direction  will  be  made  later 
with  the  main-current  element  constructed  as  suggested  by 
Fig.  12.  The  following  considerations  will  serve  to  show 
the  advantages  of  a  standard  two-element  meter  for  check- 
ing the  accuracy  of  three-phase  integrating  meters  tested 
on  a  three-phase  load : — 

Some  time  ago  the  author  made  tests  on  polyphase 
integrating  meters  of  various  types,  and  the  tests  showed 
that  when  the  meters  were  tested  on  a  three-phase  load  the 
results  were  different  from  those  obtained  when  the  meters 


were  tested  on  a  single-phase  load."  One  of  the  chief 
reasons  for  this  is  that  there  is  interference  between  the 
different  single-phase  elements,  of  which  there  may  be  two 
or  three  in  a  particular  meter.  When  the  three-phase 
testing  circuit  is  properly  arranged,  it  is  less  tedious  to 
test  a  three-phase  meter  with  a  three-phase  load  than  to 
test  each  element  separately  on  a  single-phase  load,  especi- 
ally if  a  three-phase  standard  is  available.  At  the  same 
time,  if  there  were  no  interference  whatever  between  the 
single-phase  elements  of  the  meter,  a  properly  carried  out 
single-phase  test  would  give  exactly  the  same  results  as 
obtain  on  the  three-phase  test.  If  this  were  not  true,  then 
it  would  not  be  possible  to  construct  a  two-element,  three- 
phase  standard  and  calibrate  it  with  continuous  current. 
The  author  believes  that  it  is  possible  to  construct  such  a 
standard  with  the  concentric  system. 

When  two  single-phase  indicating  standards  are  used  to 
check  a  polyphase  integrating  meter,  it  is  usual  to  keep  the 
indication  on  one  of  the  indicating  instruments  constant 
by  hand  regulation  of  the  load.  But  if  the  load  on  only 
one  of  the  wattmeters  is  observed,  it  is  by  no  means  quite 
certain  that  the  constancy  of  this  part  of  the  load  is  repre- 
sentative of  the  constancy  of  the  total  load.  For,  if  the 
wattmeter  reading  should  rise,  the  load  is  reduced  by 
hand  ;  but  the  rise  may  be  due  to  a  small  variation  in  the 
power  factor,  and  if  so,  the  reading  on  the  second  watt- 
meter may  have  fallen.  So  that  reducing  the  load  on  watt- 
meter Xo.  I  will  result  in  reducing  the  load  on  wattmeter 
Xo.  2  still  further,  and  consequently  in  reducing  the  total 
load  below  the  requisite  value.  The  elimination  of  this 
possibiHty  is  one  of  the  several  advantages  gained  by  using 
a  polyphase  standard. 

Scheme  of  Coxxectioxs  for  Testixg  Two-elemext 
PoLYPH.iSE  Meters  by  the  Two-circuit  or  F.\lse 
Lo.^D  Method. 

Fig.  24  shows  the  ordinary  method  of  connecting  two 
wattmeters,  or  one  polj'phase  wattmeter  for  measuring 
the  power  in  a  three-phase  circuit.  If  these  watt- 
meters are  connected  in  the  same  manner  on  a  two- 
circuit  three-phase  load   (Fig.   25),   one   of   the  common 
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Fig.  25. — Two-supply,  three-phase  testing  circuit  to  represent 
conditions  in  Fig.  24.  Common  point  connections  A  and  B 
cannot  both  be  made  at  once. 


point  connections,  A  or  B,  must  be  disconnected  or  the 
result  will  be  that  the  high-pressure  volt  supply  will 
be  connected  directly  in  parallel  with  the  low-pressure 
current  supply,  and  a  partial  short-circuit  will  result.  On 
the  other  hand,  if  the  connection  A  be  eliminated,  then  the 
current  and  pressure  coils  of  wattmeter  A  will  have  practi- 
cally  the   full   difference  of  potential  of  the   volt  supply 

*  yoiinial  I.E.E.,  1911,  vol.  47,  p.  ^4. 
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l>clwc<n  them,  with  consequent  liability  to  error  and 
d.i:n3};c.  The  method  of  felling  over  this  difficulty 
.iiloptcd  hy  the  author  is  to  make  the  connections  as  in 
Fij:  i<<.  Onlv  one  pair  of  wattmeters  is  shown,  but  any 
numlH-r  of  pairs  may  be  compared  by  connecting  their 
current  coils  in  series  and  their  pressure  coils  in  parallel 
in  the  respective  circuits.  If  the  wattmeter  under  test  is 
a  polyphase  instrument  of  the  dynamometer  type,  any 
errors  there  may  be  in  the  instrument  due  to  electrostatic 
disturbance  between  the  elements  will  not  show  up  in  the 
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Ftc.  26. — ModiAcalion  of  the  connections  in  Fig.  25,  to  eliminate 
electrostatic  disturbances  in  the  wattmeters. 

test.  The  instrument  should  therefore  be  subjected  to  an 
additional  test,  made  by  connecting  each  pressure  coil  to 
its  respective  main  coil  and  then  applying  the  full  staled 
pressure  between  the  two  elements.  Any  resultant  deflec- 
tion of  the  pointer  is  probably  due  to  electrostatic 
disturbance  between  the  two  elements. 


phase  displ.icemcnt  arc  allowable  than  is  the  case  when  it 
is  arranged  .is  a  wattmeter  because  the  instrument  is 
measuring  on  practically  unity  power  factor.  If  a 
o-ooi-ohm  shunt  of  the  I'aterson  and  Rayner  type  be 
used  with  the  reflecting  instrument  as  at  present  .irranged, 
.ind  the  resistance  of  the  movable-coil  circuit  be  made 
100  ohms,  the  inductance  error  at  loo  periods  is  less  than 
I  p.irt  in  10,000.  With  this  arrangement  the  instrument 
will  give  a  deflection  of  approximately  250  scale  divisions 
(25  in.)  for  300  amperes,  and  the  range  m.iy  be  increased 
up  to  the  full-lo.id  carrying  capacity  of  the  shunt  or  the 
dynamometer  by  increasing  the  resistance  of  the  movable- 
coil  circuit.  With  a  o"oi-ohm  shunt  the  minimum  current 
for  a  full-scale  deflection  is  about  100  amperes.  Above  the 
minimum  current  the  deflection  m.iy  always  be  maintained 
at  a  constant  value  by  varying  the  resistance  of  the 
movable-coil  circuit.     The  current  in  amperes  is  given  by 


A'i') 


the  letters  in  the  formula  having  the  same  designation  as 
on  page  392. 

COXCEXTRIC  NOX-IXDUCTIVE  Staxdard  Resistaxces. 

The  author  suggests  the  following  as  a  method  of  con- 
structing non-inductive  standards  of  low  resistances.  The 
method  is  the  natural  development  of  working  with  the 
concentric  w.ittmetcr. 

If  a  cylinder  of  resistance  alloy  be  substituted  for  the 


Md/ijanin  cylinder 


Manganin 


..„.-._L 


Kio.  37.— Construction  of  non-inductive,  low-resistance  standards. 


U»K  OP  CoXCEN-TRIC   REfLKCTINti   WaTTMETKR  AS  A 
STANDAMt)   ALTERXATISGCUKHEXT    AMMKTKR. 

Wtu  II  Hie  w.illmcitr  is  connected  up  for  calibration  as 
''  '<i.  it  becomes  a  shunted  type  dynamo- 

'•  •  ■■'  can  be  uncd  as  such.     In  order  that 

1  ■  urrcnt   calibration   may    be  suitable  for 

•'  •  nt  test".,  the    vlumt   must  liave   the  same 

''  'hp  mnvablc-coil  circuit,  or  iHjIh  lime- 

«  !  lo  >uth   a  small  value  that  the 

''  •!>  tmall.     When  the  Inslrumeni 

it<ui<iiit(cd  at^n  ammeter,  however,  much  wider  limits  of 


wires  forming  the  outer  conductor  of  the  wallmeter  cage 
as  in  Fig.  27,  a  non-iiuluctivc,  low-resistance  tube  is 
obtained.  If  tlie  thickness  of  the  reM>l.incc  alloy  were 
indermitely  small  the  inductance  of  the  lube  would  be 
r.cro  whatever  the  length  of  the  tube.  For  finite  thick- 
ncsscs  of  the  material  the  inductance  is  calculable  and 
may  be  made  very  small.  I-"or  example,  suppose  the  re- 
sistance alloy  to  be  manganin  of  the  following  dimensions : 

Length  between  A  and  M  =  10  cm. 
Inside  di.imclcr  of  mang.inin  tube  =  I3"4  cm. 
Thickness  of  manganin  =>   o'l  cm. 
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The  resistance  between  A  and  B  of  this  tube  would  be 
approximately  O'oooi  ohm.  The  magnetic  flux  density  on 
the  inside  surface  of  the  tube  is  2  I/r,  and  on  the  outside 
surface  zero.  If  the  flux  densitj-  in  the  material  be  taken 
as  one-half  of  that  on  the  inside  surface,  the  total  flux 
cuttino  the  material  with  a  current  of  one  C.G.S.  unit  is  : 


-  X  thickness  x  length. 


=  r—   X—  X  10  =  0-140  C.G.S.  hne. 
67       10 

The  inductance  is  thus  0"i49  cm.,  and  the  time-constant 
is  I  "49  X  iQ-''. 

For  the  dimensions : 

Length  between  A  and  B  =  20  cm. 
Inside  diameter  of  manganin  tube  =    5-4  cm. 
Thickness  of  manganin  =   0-05  cm. 
Resistance  is  approximatelj-  o'ooi  ohm. 
Inductance  0-37  cm. 
Time-constant  37  x  io~'.  . 

The  effective  inductance  and  time-constant  of  this  latter 
resistance  are  rather  more  than  one-tenth  of  the  inductance 


tion  of  ordinary  heavy-current  shunts  for  continuous 
currents  where  a  high  degree  of  accuracy  is  desirable.  It 
is  fairly  well  known,  among  those  interested,  that  it  is  a 
difficult  matter  with  shunts  of  the  ordinary  rectangular 
type  to  obtain  uniform  distribution  of  the  current  over  the 
whole  of  the  resistance  strips  or  wires,  especially  with  any 
variation  in  the  arrangement  of  the  connection  to  the  main 
cables.  A  shunt  constructed  as  in  Fig.  28  should  effec- 
tivel)-  remedy  this,  and  while  possibh'  it  would  be  more 
expensive  to  construct  than  the  usual  rectangular  pattern, 
it  would  be  more  satisfactory  where  the  meter  used  in  con- 
junction with  it  is  intended  for  important  measurements, 
such  as  is  the  case  with  watt-hour  meters  of  the  shunted 
t3-pe,  and  with  ammeters  used  for  testing  large  continuous- 
current  generators.  It  should  be  noted  that  a  shunt 
constructed  as  in  Fig.  28  is  not  a  non-inductive  one. 

The  Method  of  Me.\surixg  Small  Differences 
OF  Phase. 

The  method  of  measuring  the  phase  difference  between 
the  magnetic  flux  and  the  current  which  produces  it,  and 
between  any  two  currents  which  are  nearly-  in  phase  with 


Eureka  or 
manginin  wires  ^ 


B  D 

Section  through  CD  Section  through  AB 

Fig.  28.— Circular  shunt  for  continuous  current,  showing  alternative  construction  for  wires  or  strips  of  resistance  alloy. 


and  time-constant  given  by  Paterson  and  Ra}'ner  for  their 
o'ooi-ohm  water-tube  type  with  the  special  sheath.* 

The  form  of  the  resistance  suggested  above  differs  from 
that  of  the  concentric  resistances  recently  designed  by 
Dr.  Drysdale  f  in  that  in  the  present  form  the  inner  con- 
ductor does  not  form  part  of  the  resistance,  and  the  non- 
inductiveness  does  not  depend  upon  getting  the  inner  and 
outer  tubes  close  together. 

An  evenly  distributed  entry  of  the  current  into  the 
resistance  material  is  essential  in  standard  resistances,  and 
particularly  so  in  non-inductive  types,  and  the  arrangement 
of  the  concentric  connections  shown  in  Fig.  27  appears  to 
be  the  most  effective  waj'  of  ensuring  this. 

Ainiiuier  shiiuis. — The  circular  arrangement  of  the 
resistances  would  appear  to  be  suitable  for  the  construc- 

•  Journal  I.E.E.,  1909,  vol.  42.  p.  464. 
f  Electrician,  vol.  77,  p.  629. 


each  other,  was  referred  to  by  the  author  briefly  in  the 
journal  I.E.E.,  1913,  vol.  51,  page  346. 

Suppose  it  is  desired  to  measure  the  phase  difference 
between  the  primar}'  and  secondary  currents  of  an  instru- 
ment series  transformer.  If  the  primary  current  be  passed 
through  the  fixed  coil,  and  the  secondary  current  through 
the  movable  coil  of  a  dynamometer  free  from  phase  errors, 
the  dynamometer  reading  is 

k  If  I,„  cos  5>, 

where  \/  and  I„  are  the  currents  through  the  fixed  and 

movable  coils  respectively   of    the   dynamometer,  A  is  a 

constant  determined  with,  say,  continuous   current,  and 

^   is   the   angle    of    phase    difference    between    the  two 
currents. 

Ic  is  shown  bv  Dr.  Sumpner,'''  however,  that  if  ^  is  a 
■  Philosophical  Magazine,  1905,  p.  155. 
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,  it  cannot  be  measured  actually  in  this  way. 
U   f   be   as   large    as   3'   the    difference  between  cos  0° 
and  c<><  '.'  i<  onlv  14  parts  in  lo,o(».  and  this  difference 
•cd   even   on  the    best    forms  of 
,  :  : .  if  the  waves  of  the  two  currents 

differ  in  form,  the  product  of  their  R.M.S.  values  would 


300 


Amperes  in  secondary 


Kir. 


lent 


ndar)-  load  uf  15  volt-amperes  at  5<> 


;  i;'ini  tnai  jjivcn  t>v  the  fiyn.imoiiKtir,  tvi  11 
!wo  currents  are  in  phase,  i.e.  when  tlie  dynamo- 
ling  is  a  maximum  for  given  values  of  the  two 

In  Hig.  29  arc  given  curves  showing  the  phase  errors 


is  therefore  unsuited  to  the  measurement  of  the  phase 
differences  in  these  cases. 

A  modification  of  the  method  is  to  compare  the  phases 
of  the  two  currents  with  that  of  a  third  current  of  the 
s.imc  frequency,  the  third  current  differing  in  phase  con- 
siderably from  the  phases  of  the  two  currents  to  be  com- 
pared. This  may  be  done  by  using  two  suitable  dynamo- 
meters (or  wattmeters),  passing  the  third  current  through, 
say,  the  two  movable  coils  connected  in  series  witli  each 
other,  the  primarj-  current  through  the  fixed  coil  of  one. 
and  the  secondary  current  through  the  fixed  coil  of  the 
other  dynamometer  (Fig.  31).  The  two  dynamometers  then 
read  as  follows  : — 

I.     *,  \,  1.,  cos^, 
and  II.    *J,I,.cos^. 

where  ^,  and  ^^  are  the  ph.ase   differences  between  the  ■ 
current  through  the  movable  coils  and  the  primary  and 
secondary  currents  (I,  and  I,)  respectively  of  the  trans- 
former. 

Since  I„  is  the  same  current  in  both  dynamometers, 
(^,  —  p,)  is  the  phase  difference  between  I,  and  I„  i.e. 
between  the  primary  and  secondary  currents  of  the 
transformer. 

Lot  {f.-f)  =  9 

Then,  reading  on  dynamometer       I  =  t,  1,  I„  cos  f , 
and  „  „  II  =t,  I,l-cos(f,  ±9) 

If  it  be  assumed  that  k,  =  *„  and  that  I,  =  I„  then  if  ^,  be 
o  and  0  is  small  (not  exceeding  3°),  d,  =  </,  to  within 
14  parts  in  10.000.  But  if  ?v,  be  an  appreciable  angle, 
cos  (^,  ±  9)  may  be  appreciably  different  from  cos  ^,.  and 
the  dilTcrence  is  a  maximum  when  f,  or  (0.  ±  »)  is  90'. 

If  the  phase  of  the  current  I.,  can  be  altered  by  verj*  fine 
adjustment  until  d,  =  o,  then 

d,  =  t,  I,  I„cos  (90 
=  *.  1,1.,  sine 


e) 


and 


*'"''=*ri.T 


For  small  angles  sin  9  is  the  r.-idian  measure  of  0,  and  hence 
the  reading  of  d,  is  directly  proportional  to  9. 


Kui.  JO  -  O'nncctionn  (or  mcanurinj; 
phaK  cttor  in  current  coil  of  a 
dynamometer  waltinclcr. 


KlG.  31.— Connections  for  mca-iuring 
phase  error  in  a  tmrtnl  lian>- 
former. 


ranelc   between   primaxy  and    secondary   currents)  in    a 

'        ■     nicnl  currcnl-tran*. 

Iiv   the  author.     It 


The  adjustment  of  the  phase  of  I„  may  be  effected  by 
means  of  a  suitable  phase-shifting  device  such  as  that 
arranged  on  the  motor-alternalor  set  m>talled  at  the  School 
of  Technology,  Manchester  and  already  described.*  The 
cuirent  Ihiough  the  movable  coils  of  the  dynamometers 
may  be  obtained  from  the  small  machine  provided  with 

•    ^....rn.i/  I  f.  E..  Kyll.  >'•!.  47.  P    }'■ 
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the  movable  stator,  and  the  current  through  the  primary 
winding  of  the  transformer  under  test  from  the  larger 
machine.  The  movable  stator  is  then  adjusted  until  one 
of  the  dynamometers  indicates  zero.  Then,  if  </,  is  made 
zero — • 

rf,  =  A,  I^  l,„  sin  9, 

and  if  rfj  is  made  zero — 

rf ,  r=  k,  Ij,  I„  sin  9, 

and  9  is  calculable  if  the  other  factors  are  known.  Or 
alternatively  if  </,  be  adjusted  to  zero,  i/,  may  afterwards 
be  adjusted  to  zero  by  turning  the  movable  stator  through 
9  electrical  degrees ;  and  if  the  angular  displacement  of 
the  stator  can  be  measured  accurately,  9  can  be  determined 
and  the  observation  is  independent  (theoretically)  of  the 
magnitudes  of  k„  k,,  I^,  I„  and  l,„. 

The  method  is  employed  for  the  tests  previously  referred 
to  in  this  paper,  in  order  to  determine  whether  the  active 
part  of  the  flux  in  the  current  coil  of  a  dynamometer  watt- 
meter (that  part  of  the  flux  which  acts  directly  on  the 
pressure  coil)  is  in  phase  with  the  main  current.  It  is 
essential,  however,  that  an  instrument  in  which  this  is 
known  to  be  the  case  is  available  for  comparison.  The 
two  wattmeters  are  connected  up  as  sliown  in  Fig.  30  with 
their  current  coils  in  series  with  each  other  to  one  machine, 
and  their  pressure  coils  in  series  with  each  other  to  the 
second  machine,  and  the  phase  difference  between  the 
currents  is  adjusted  until  one  of  the  wattmeters  indicates 
zero.  If  the  fluxes  in  the  instrument  coils  are  strictly  in 
phase  with  the  respective  currents  in  both  wattmeters,  then 
on  adjustment  both  wattmeters  will  indicate  zero  simul- 
taneously. If,  however,  the  two  wattmeters  do  not  indicate 
zero  simultaneously,  then  the  instrument  which  is  not 
known  to  be  free  from  phase  disturbance  will  have  a  phase 
error  9  such  that — 

d 


sine  = 


klf\„ 


where  d  and  k  are  the  deflection  and  constant  of  the 
instrument  whose  indication  is  not  zero,  and  I^and  I,„  are 
the  currents  through  the  fixed  and  movable  coils  respec- 
tively of  the  instruments. 

In  measuring  the  phase  difference  between  the  primary 
and  secondary  currents  of  a  transformer,  the  author  has 
found  good  agreement  between  the  results  calculated  from 
the  wattmeter  readings  and  those  calculated  from  the 
measured  displacement  of  the  movable  stator.  But  good 
agreement  is  not  obtained  with  the  two  methods  when 
measuring  the  phase  error  in  a  wattmeter  in  which  there 
are  eddy  currents.  Also,  in  the  case  of  such  a  wattmeter 
the  value  of  the  phase  error  9  is  found  to  be  different  when 
determined  with  the  main-coil  current  leading  relatively  to 
the  pressure-coil  current,  from  what  it  is  when  the  main- 
coil  current  is  lagging  relatively  to  the  pressure-coil  current. 
For  example,  in  a  certain  wattmeter  in  which  eddy  currents 
are  known  to  be  present,  the  phase  error  is  determined  as 
23  minutes  when  the  main-coil  current  is  leading,  and  32 
minutes  when  it  is  lagging.  The  cause  of  this  is  somewhat 
obscure  ;  it  may  be  due  to  distortion  of  the  wave-shape  of 
the  flux  by  the  eddy  currents. 

In  cases  where  the  phase  errors  are  calculated  from  the 
wattmeter   readings,  and    not  from    the    measurement  of 


the  angle  through  which  the  movable  stator  is  turned,  the 
following  method  of  finally  adjusting  the  phase  may  be 
used.  It  is  known  that  when  an  alternator  is  loaded  the 
terminal  potential  difference  lags  behind  the  electromotive 
force.  So  that  if  a  finely  adjustable  rheostat  be  connected 
to  the  terminals  of  the  variable-phase  machine,  the  phase 
of  its  terminal  potential  difference  may  be  varied  over  a 
moderate  range,  and  thus  the  final  adjustment  made  at  the 
test  bench.  The  author  has  found  this  method  particu- 
larly useful  as  the  phase  shifter  is  not  operated  by  remote 
control,  and  the  services  of  an  assistant  are  not  always 
available.  The  method  should  also  prove  useful  where  the 
phase  shifter  does  not  admit  of  infinitely  fine  adjustment. 

The  author  desires  to  express  his  acknowledgments  to 
the  Principal  and  Governing  Body  of  the  Manchester 
School  of  Technology.  He  is  also  indebted  to  Professor 
Miles  Walker  and  Mr.  M.  B.  Field  for  valuable  help  and 
suggestions  during  the  progress  of  the  work. 


APPENDIX. 

Calculations  of  Torque  with   Different   Shapes  of 
Pressure  Coils. 

(i)  Double  D-sliapcd  Coils. 

(A)  Coils  arranged  as  in  Fig.  15. 

Referring  to  Fig.  32,  if  the  curved  parts  of  the  D  coils 
form  circles  concentric  with  the  main  conductor,  the  forces 


exerting  a  turning  moment  about  the  axis  O  are  confined 
to  the  straight  portions  /  of  the  coils. 
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MOORE:   A   NEW   CONCENTRIC   STANDARD 


Let   the  axis  of   turning  be  in  a  vertical  plane,   and 
vertical. 

B,  be  the  component  of  the  magnetic  field  due  to 

the  current  in  the  main  conductor. 
I,  be  the  current  in   C.G.S.   units  in   the    main 

conductor. 
I,  be    the    total    current   (current  x  number    of 

conductors)  in  C.G.S.   unit»,    in   the  Mdes   / 

of  the  movable  coil. 
/  be  the  length  of  one  active  side  of  the  movable 

coil. 
0  be  the  .ingle  which  the  side  /  makes  with  the 

main  conductor. 

Then  the  force  on  an  element  rf  r  at  the  point  P  (in  the 
dircaion  of  the  arrow! 

^  B,  Ij  i/r  dj-nes 

b        r  sm  e 

.•.  Force  on  clement  <i  r  at  1'  =  — ^— °  r-  • 

rsm  e 

The  torque  about  the  axis  O  due  to  this  force  is 

3l. \.dr 
—  .     ^    X  r 

and  total  torque  on  two  sides  / 

a 


sm  9      J 


.  =  /, 
rfr 
•V  -  /, 

=  ^'■'•'  =  41.'.     '„. 

Mil  "         ^       SmO 


B,  i,iir  dyne* 

a  I,  b  _3l,b 
y    y—    y 

V'  ICC  on  clement  d r  .li  V  —       '   ' 


n. «  H,  = 


I  UQ  torqui  about  the  axi»  O  due  tu  tins  force  is 


a  I   I. 


X  r 
It  ,lr 


The  part  4  I,  I,  of  the  expression  is  simitar  for  all  shapes 
of  coils,  and  the  part  //sin  9  may  be  termed  the  "  torque 
factor  "  for  the  shape  of  coil  considered. 

By  I  of  f»,  curve  \o.  i, 

Vr^.  !  IS  that  the  torque 

(  as  »  IS  in.iile  smaller  and  smaller. 

1'  ■   rque  is  a  minimum  when  w^90^ 

This  is  the  best  position  for  the  coil  if  uscfl  in  a  zero-type 
,..,,.,, ,,,1    ...-re  it  is  the  position  in  which  the  torque 
least  rapidly  with  changes  in  the  angle  0. 
of  this  shape  of  coil,  especially  for 
r  nls,  is  due  to  the  rapidity  with  which 

I  changes  in  the  angle  ». 

.  16. 
■^^^,  the   force  on  an  clement  1/  r  at 
I  1  tion  of  the  arrow) 


Now  a  ^constant,  and  ^:=  r  sin  8. 


.•.  Torque  at  P=  2  I,  I, 


sin  9  t'  d  r 
a'  +  I'  sin*  (9 


and  total  torque  on  4  sides  / 
=  4x21 


ft  a  i 

,  I.  Sin  0  ^'^'•. 

j  a*  ■i-r'  sin'  ( 


=  81.1, 


and  the  torque  factor  is 


/ 
1  sin  0 


a  tan-' 


Is\n9\ 


sin*  0 


\sine  sin*  9        / 


It  will  be  seen  that  the  first  part  of  this  expression  is  the 
same  as  that  obtained  in  case  (.\)  above.  The  effect  of 
changing  the  shape  of  the  coils  from  that  of  case  (A)  to  that 
of  case  (B)  is  obviously  to  diminish  the  torque  by  an  amount 

represented  by  (a  tan-' )p'"°  *• 


J 


J_ 


GEEt 


-i- 


TT 


^ 


Kir,.  .■i4. 


Further,  it  will  be  noted  that  when  0  approaches  zero, 
the  torque  about  the  axis  O  does  not  appraich  iiilinity  but 
zero.  By  plotting  curves  showing  the  value  of  the  torque 
factor  for  different  values  of  9,  and  for  given  values  of  / 
and  a,  it  is  found  that  when  a  exceeds  //173  the  torque  is 
a  maxiiiium  wlicn  0  is  90°.  For  <i^/'i'73  the  torque 
factor  is  neaily  constant  from  6  ^  45°  to  9=135;  ^'^'^ 
this  is  usually  the  best  condition  for  a  dellectional  instru- 
ment. When  a  is  less  than  //r73  the  curves  in  Fig.  17 
have  a  dent  in  them. 

(2)  Balancc-hfc  coih. — The  following  treatment  of  this 
system,  sliowing  the  connection  between  .r,  a,  and  //,  which 
results  in  conslaiicy  of  force  over  a  considerable  range  of 
movement,  was  communicated  to  the  autlior  by  Mr.  M.  B. 
Field  by  letter  dated  5lh  June,  1916. 

(C)  Coils  arranged  as  in  the  earlier  form  of  Kelvin 
kilowatt  balance,  i.e.  with  the  active  sides  of  the  movable 
coils  in  the  s;inic  plane  as  the  axis  of  the  m.iin  conductor. 

Referring  to  Fig.  34,  and  using  the  same  nol.ition  as  in 
the  cave  of  the  Dshapcd  coils,  the  foicc  on  one  of  the 
movable  coils,  if  it  be  symmetric.1l  about  the  main  con- 
ductor is 

al.l./      al.I./ 
.«■  .«• 
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If  the  coil  be  displaced  vertically  a  distance  /;,  the  total    '  force  being  a  maximum  when  the  coils  are  in  the  sym- 
metrical position,  li  =  o. 

But  if  a  is  less  than  .v/Vs  a  curve  with  a  dent  in  its 
crest  is  obtained. 


vertical  force  on  the  coil,  assuming  /;  is  less  than  .v,  is 
and  the  torque  factor  may  be  taken  as 

Curve  No.  i,  Fig.  20,  shows  the  relation  between  the 
torque  factor  and  the  displacement  /;,  when  .v^  173  cm. 

It  will  be  seen  that  the  torque  factor  varies  in  a  manner 
similar  to  that  in  the  case  of  the  D-shaped  coils,  Fig.  15. 
The  torque  is  a  minimum  in  the  sj'mmetrical  position, 
and  approaches  infinity  as  the  value  of  It  is  made  equal  to 
that  of  .V. 

(D)  Coils  arranged  as  in  Fig.  ig. 

In  this  case,  referring  to  Fig.  35,  the  force  on  the  one 
limb  at  m  is  along  the  radius  r  and  is 

2  1,1=/ 


Fig.  35. 

and  the  vertical  component  of  the  force  is 

2  I,  I,/  _  .V _  2l,L/.v _ 2  I.  I,  / ■■■ 
r         r  r-  a'  +  .1= 

If  the  coil  is  in  the  symmetrical  position  in  respect  of 
the  horizontal  axis,  as  shown,  the  vertical  component  of 
the  force  for  the  pair  of  coils  is 


2  X  2I.I,/ 


(        .V 


ia=-|-. 


:   + 


a=  +  .v=) 


1  .   ^   ,     7.x 

=  41,  L/  -^ 


or  +  .1  = 


If  the  coil  is  moved  vertically  through  a  distance  //, 
the  force  is 


41.1=' 


f       .V  +  /; 

\ar  +  (.V  4-  /;)= 


■V  — /;        ] 


assuming  that  /;  is  less  than  x  ;  and  the  part  of  the 
expression  within  the  brackets  may  be  termed  the  torque 
factor. 

If  a  =  0,  the  condition  is  the  same  as  in  (C)  above,  and 
Curve- No.  i  is  obtained,  the  vertical  force  being  a  mini- 
mum with  the  coil  in  the  symmetrical  position. 

If  a  =.v,  i.e.  m  n  subtend  an  angle  of  90=  at  the  centre  of 
the  main  conductor,  Curve  No.  6  is  obtained,  the  vertical 


If  a  >  .v/v/3  the  curve  is  like    ^^  -  -^ 
If  a  <  .i7v''3  the  curve  is  like  ..^--^^--^ 

In  the  latter  case  there  is  obviously  a  value  of  +  /;  giving 
the  same  value  of  force  as  in  the  symmetrical  position. 
If  this  value  be  //„  it  is  represented  by  the  condition 


X  -f  /;. 


x-h. 


a=  +  .r=      a'  +  (.v  -|-  /;.)= 


+  (.r-/,.: 


which  simplifies  into 

.1=  —  30=  —  /;!  =  o 


(I) 


For  given  values  of  .v  and  a  this  gives  the  value  of  //, 
(vertical  displacement)  at  which  the  force  is  the  same  as 
in  the  symmetrical  position. 

By  putting  /;,  =0,  the  condition  separating  the  undented 
from  the  dented  curves  is  obtained  ;  because  if  .v=  <  3  a= 
there  is  no  value  of  /i,  where  the  force  is  the  same  as  in 
the  mid  position  ;  or  there  is  no  real  value  of  /i,  satisf  j'ing 
Equation  (i).     But  if  «'  >  3  a'  there  is  such  a  value  for  /;,. 


Table  7. 

Relative  values  of  the  vertical  force  with  variations  in  the 
displacement  (It)  for  balance-type  coils, 

uhen  « ^3  cm.  and  a  =  17  cm.* 


Verticil  Displacement  (/i) 

Relative  Value  ol  Vertical 
Force 

0 

2  mm. 
4  mm. 
6  mm. 

Lateral  Displacement 

2  mm. 
4  mm. 

504.625 
504,668 

504.724 
504,586 

504.573 
504.350 

Lateral  and  Vertical  Displacements 

3-5  mm.  3-5  mm. 


504.833 


As  a  comparison  with  the  above  figures  it  may  be  noted 
that  the  relative  value  of  the  vertical  force  in  the  mid 
position  when 

rt  =  o  and  /i  =  o  is  666,667 
and  when  a  =  o  and  //  =  2  mm.  669,640. 

For  the  values*  .1=3  cm.,  a=  17  cm.,  /;,  =0575  cm. 
In  other  words,  at  a  distance  of  557  mm.  on  either  side  of 
the  mid  position  the  vertical  force  is  the  same  as  at  the 
mid  position.  The  forces  in  intermediate  positions  may 
be  calculated  from  the  expression 

3  +  /i  .  3-^' 

17'+  (3+'')"      17' +  (3-/')= 

*  These  dimensions  represent  a  sj-stem  suitable  for  a  2,500-ampere 
b.alance. 
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(or  rario«]s  value*  of  *,  and  they  arc  f^vcn  in  Tabic  7.     It 

■  is  sensibly  constant  over  a 

■  .  mm. 

1  the  tabic  showinf;  the  effect  on 

■  g  from  lateral  dispUcemcnts  of 
~u  from  both  lateral  and  vertical 

ci.-j...^... ......,-.     ...  !;....>. ii);  the  calculations  for  the  lateral, 

and    for    the    lateral    and    vertical    displacements,  it    is 
necessary  to  consider  the  vertical  forces  on  both  the  coils 


situate  at  one  end  of  the  moving  system,  as  shown  in 
Fig.  35.  It  will  be  seen  by  the  figures  in  Table  7  that  the 
system  is  not  sensitive  to  an  accidental  small  vertical,  or 
lateral,  or  vertical  and  lateral  displacement  of  the  mo\-able 
coils.  They  also  show  th.M  the  force  011  a  coil  of  cross- 
section  3  mm.  X  3  mm.  is  practically  the  same  as  in  the 
theoretical  case  where  the  cross-section  of  the  movable 
coils  is  assumed  indefinitely  small.  Fig.  20  is  a  family  of 
curves  for  x  ^  3,  and  different  values  of  a  and  h. 


DISCUSSION     OX 


"VOLT.AGE    REGULATION    OK    KOTAKY    CONVERTERS."' 


M.wcHESTER  Local  Section,   13  M.\rch,   1917. 


<r   J- 


'■  :   Dr.  Cr.imp  states  that  no 

;o  the  iiilliieiice  of  the  watt- 
!  1   the  consumer's  account.      Itiis  is  quite 

>-  e  the  consumer's  account  is  governed  not 

by  i!.e  w.i'. :U--  current  in  the  converter  but  by  the  power 

f.i  '    ■  ■  ■''  ' n  side  of  the  transformer,  which 

cnt.     This  will  Im:  clearly  appre- 

.    .-•}>*.  where 

ilthough 

IS  55  per 

i  upon  3 

;    >wci  laclor  is  la;;giiig  or  leading, 

'  ^         ,  but  I  think  it  is  only  fair  to  state 

power  companies  give  lower  rates  to  con- 

>.......,  -  V.,,..  ;.ikc  current  at  a  leading  power  factor,  which 

fact  is  not  mentioned  by  Dr.  Cramp.     I  think  the  question 
'  "      ■  '.  for  is  of  very 

.lied  in  speci- 

ii).ihulat.liii  ei  to  offer  plant 

I  The  increase  in  losses  in 

irreiit  is,  1  think,  too  strongly 

-..-  A  uuld  only  amount  to  018  per 

c  total  output,  assuming  the  wattless  current  to 

•■'   '  tlic  l')s%  in  the  leads  to  be  ^  per  cent 

»-■■   1  ^rcnt.     The  comparison  made  between 

ivcrter  IS  really  out- 

(.  lani;^  has  raised 

:  utini/.ed. 

I r  factors 

<-ll  or  to  the  liigh-tcnMcin  side  of 

.itr  iiirjiii   f  1    ilic  Utter,  Ihey 

ibic  to  obtain 

'■■-      ■■^ i  ...  ...ii(^«   .i  ..... ..Jit  aii.l  load.     I  have 

•  Ptr-' ^-l  Uf    r;    A  JuhUA(M«r»''  •"<" 


worked  out  a  case  for  the  range  given,  and  the  following  Mr.  Juhlin. 
are  the  values  of  power  factors  obtained  : — 


Power  factor  on  h.t. 
side  of  transformer 


Ditto 


440  volts. 

i        i 


i 


088    0-975    099    o'995     Lagging 


480  volts. 
065    0-855 


0-93    o'95       Leading 


The  wattless  current  was  fixed  so  as  to  give  0-95  leading 
power  factor  at  the  high  voltage.  It  should  be  pointed  out 
that  it  is  very  undesirable  to  have  such  a  low  leading  power 
factor  on  a  converter  with  the  voltage  range  speciticd  and 
obtained  by  reactance  control,  owing  to  tlie  large  wattless 
currents  required.  I  think  there  must  be  some  mistake  in 
connection  with  the  power  factors  given  for  the  motor  con- 
verter if  they  refer  to  the  high-tension  side.  If  the  figures 
given  refer  to  the  low-tension  side  they  are  of  course  of  no 
interest  except  from  the  point  of  view  of  the  designer.  It 
does  not  seem  correct  to  select  a  set  of  guarantees  for  each 
type  and  from  these  draw  the  conclusion  that  one  type  is 
superior  to  the  other,  .is  when  there  are  several  makers  of 
one  type  it  does  not  follow  that  the  guarantees  given  by  one 
maker  are  the  best  that  can  be  obtained.  The  following 
values  for  the  power  factor  may  be  obtained  without 
excessive  wattless  currents,  and,  as  will  be  sj-cn.  these  arc 
very  different  from  those  given  in  Di.  Cramp  s  table  :— 


L/od 
Power  factor  on  h.t. 
side  of  transformer 


Pittr 


440  volts. 
I  i         1  > 

0775   0-94S   o'97.S    o-9«5    Lagging 


4 Ho  volts. 
071      0-89 


0945    o-()7      Leading 
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Mr.  Juhiin.  It  should  not  be  overlooked  that  as  the  normal  voltage 
is  460,  the  set  would  run  most  of  the  time  at  tliis  voltage,  in 
which  case  the  power  factor  would  deviate  very  little 
from  unity  at  any  load.  Regarding  the  question  what  is 
meant  b}- leading  or  lagging  current,  I  think  it  is  clear  that, 
when  leading  currents  are  referred  to  as  correcting  the 
power  factor,  they  must  be  leading  with  respect  to  the 
sj'stem.  The  statement  that  the  continuous-current  booster 
has  the  merit  of  not  interfering  with  the  commutation  is 
contrary  to  the  facts. 

The  question  raised  by  ilr.  Townend  of  voltage  regulation 
of  converters  running  inverted  is  mentioned  in  the  paper 
although  not  dealt  with  fully.  The  conditions  obtaining 
for  reactance  with  the  inverted  machine  are,  as  stated  by 
Mr.  Townend,  the  same  as  for  the  direct-running  one.  It 
should  be  noted,  however,  that  an  increase  in  voltage  is 
obtained  by  reducing  the  excitation  when  running  in- 
verted ;  whereas,  with  the  machine  converting  alternating 
current  to  continuous  current  the  excitation  must  be  in- 
creased to  obtain  an  increase  in  the  electromotive  force. 

I  fully  agree  with  Professor  Walker  that  criticism  is 
very  useful,  provided  it  is  constructive  criticism.  Referring 
to  the  use  of  the  term  "  reactance  "  to  which  lie  takes  ex- 
ception, I  believe  I  am  in  good  company  in  this  respect, 
and  it  appears  to  me  perfectly  justifiable  to  use  a  term 
which  is  well  understood  by  all  electrical  engineers.  The 
diagrams  shown  in  Fig.  i  are  simply  typical  and  intend  to 
show  the  relations  between  the  different  electromotive 
forces  with  varying  conditions  of  power  factor.  I  cannot 
agree  with  Professor  Walker  that  Et  is  constant  under 
practical  conditions,  as  it  is  unfortunately  only  too 
common  to  find  specifications  calling  for  machines  to 
run  on  a  system  having  as  much  as  10  per  cent  varia- 
tion in  the  alternating  voltage.  I  think  the  description 
in  Fig.  7  states  exactly  what  the  curves  show,  as  they  are 
intended  to  give  the  wattless  current  at  varying  load.  All 
the  conditions  as  to  per  cent  regulation,  reactance,  and 
resistance,  are  given,  and  if  the  full  description  is  con- 
sidered I  think  the  curves  are  clear.  I  have,  however, 
made  an  addition  stating  that  the  curves  refer  to  the 
limiting  voltages  of  the  range,  although  this  should  be 
clear  by  considering  Figs.  6  and  7.  I  do  not  consider  the 
description    suggested    by    Professor   Walker   for    Fig.   7 


would  make  the  diagram  any  clearer.  I  am  of  the  opinion  Mr.  Juh 
that  it  would  lead  to  confusion  to  say  that  the  curves  are 
apphcable  whether  the  converter  is  shunt  or  series  wound, 
as  it  would  be  necessarj"  to  alter  the  series  excitation  inde- 
pendently of  the  load  for  this  to  be  true,  and  while  this  is 
theoretically  possible  it  is  not  used  practically.  I  do  not 
think  it  is  quite  correct  to  say  that  there  is  no  gain  by  using 
saturated  reactance  except  when  the  voltage  is  reduced. 
The  wattless  currents  are  reduced  at  light  loads  when  satu- 
rated reactive  iron  is  employed  whether  the  electromotive 
force  is  increased  or  decreased,  and  this  may  under  certain 
conditions  be  advantageous.  The  danger  of  a  sudden  drop 
in  the  load  when  the  lo.id  is  being  taken  off  a  machine 
exists,  but  this  is  easily  guarded  against  by  making  the  field 
rheostat  finely  graded.  Referring  to  the  expression  for 
tan  4/  „  it  is  after  all  a  matter  of  opinion  which  form  is  the 
most  satisfactory.  I  agree  that  every  effort  should  be  made 
to  present  papers  in  the  best  form,  but  the  fact  that  the 
engineer  engaged  in  practical  work  does  not  always  view 
technical  questions  from  the  same  standpoint  as  the  teacher, 
should  not  be  lost  sight  of. 

Mr.  Ellis's  remarks  as  to  the  amount  of  reactance  which 
can  be  included  in  transformers  are  of  considerable 
interest.  The  question  of  breakdowns  in  booster  trans- 
formers ought  not  to  be  serious,  as  these  would  be  con- 
nected on  the  low-tension  side  of  the  main  transformers 
and  would  not  be  more  liable  to  trouble  in  this  respect 
than  the  synchronous  booster  or  the  induction  regulator. 
The  difficulties  with  the  regulator  contacts  should  not  be 
serious  when  an  auxiliary  regulator  transformer  is  used,  as 
a  portion  of  the  contacts  would  be  used  for  charging  con- 
nections without  breaking  any  power  on  them. 

The  point  raised  by  Mr.  Thompson  as  to  the  influence  of 
the  position  of  the  booster  transformer  on  the  efficiency  is 
interesting,  but  as  the  size  of  this  apparatus  is  very  small 
its  efficiency  has  a  very  small  effect  on  the  total  efficiency 
of  the  set.  In  the  case  of  a  three-wire  system  with  the 
static  booster  on  the  low-tension  side,  it  would,  as  pointed 
out  by  Mr.  Thompson,  be  necessary  to  employ  a  booster 
with  a  six-phase  secondary,  but  the  extra  cost  of  this 
should  not  be  very  much.  As  regards  the  costs  given  in 
the  paper,  these  are  e.xpressed  as  percentages  of  the  con- 
verter alone. 
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Mr.  Juhiin.  Mr.  G.  A.  JuHLiN  (in  reply):  The  point  raised  by  Mr.  Selvey 
in  connection  with  the  spacing  of  the  commutating  poles  is 
of  importance  but  has  no  connection  with  the  variations  in 
the  interpole  flux  discussed  in  the  paper,  which  are  due  to 
the  armature  reactance  of  the  converter.  It  is  the  practice 
in  several  cases  to  have  certain  machines  for  the  traction 
supply  and  others  for  lighting  and  power,  the  transformers 
being  arranged  with  tappings  so  that  any  set  can  be 
changed  over  from  one  set  of  bars  to  the  other  if  necessary. 
Mr.  Shaw  is  quite  correct  in  stating  that  rotary  con- 
verters c^n  be  designed  for  a  fairly  large  voltage  range 
by  providing  a  shunt  winding  on  the  commutating  poles  in 
addition  to  the  usual  series  winding,  but  this  arrangement 
does  not  give  accurate  compensation  for  the  effect  of  the 
booster  and  necessitates  a  more  liberal  machine  than  if  no 


booster  were  used.  It  is  not  impossible  to  obtain  power-  Mr.Juhi: 
factor  correction  by  means  of  a  booster  converter  running 
on  a  traction  system.  If  the  wattless  current  is  required 
to  be  independent  of  the  load  this  can  be  obtained  by  over- 
excitation of  the  shunt  field  of  the  converter,  or,  if  it  is 
desirable  that  the  wattless  current  should  be  proportional 
to  the  load,  this  can  be  accomplished  by  providing  a  series 
field  winding  on  the  converter.  The  value  of  the  wattless 
current  is  of  course  fixed  by  the  design  and  cannot  be 
changed  at  will  unless  some  means  of  changing  the  series 
fields  on  the  booster  and  converter  is  provided. 

In  reply  to  Mr.  Brown  I  would  say  that  no  change 
in  the  voltage  ratio  can  be  obtained  by  varying  the  de- 
sign of  the  poles  except  in  cases  such  as  split-pole  con- 
verters.    With  reference  to  Fig.  2  it  should  be  noted  that 
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the  value  of  the  reactance  at  which  minitnum  wattless 
carrciil  is  obtained  varies  with  the  percentage  of  over- 
compounding.  I  think  manufacturers  should  not  be  re- 
stricted to  any  spccilied  value  of  reactance,  as  due 
consideration   must   be   given  to  the  dengn   of  the  con- 


verter itself   when   choosing   the    amount    of    reactance.  Mr.  juiiUa 
Tappings  in  transformers  arc,  as  a   rule,  only  employed 
in  cases  where  the  converter  is  changed  from  one  set  of 
bars  to  another,  such  as  when  the  same  machine  is  used 
for  traction  and  for  the  lighting  service. 


Scottish  Local  Section,  20  M.vrcii,  1917. 


:.  OdMT.  Mr.  W.  J.  BEL.SEY  :  I  am  glad  that  the  author  empha- 
sized on  page  247  the  necessity  for  the  purchaser,  or,  I 
should  perhaps  say,  the  operating  engineer  to  look  very 
closely  into  the  limits  of  voltage  required.  I  think  that  if 
there  were  a  little  more  sympathy  between  the  designer 
and  the  purchaser  on  the  one  hand,  and  the  operating 
engineer  on  the  other,  it  would  be  generally  to  the  benefit 
of  both  sides.  I  am  sorry  that  the  author  has  not  made  the 
paper  more  complete  by  discussing  other  methods  of  ob- 
taining volUge  rcguKation.  For  instance,  on  page  241  he 
mentions,  under  (b),  the  use  of  an  induction  regulator,  but 
does  not  give  any  details.  Although  the  induction  regulator 
has  not  been  used  very  much  in  this  country,  it  has  proved 
a  grcit  success  in  the  United  States  and  therefort  merits 
attention.  Also  I  would  suggest  to  him  that  there  are  such 
things  as  split-pole  rotary  converters,  and  I  think  perhaps 
he  might  have  made  the  paper  a  little  more  complete  in 
respect  to  these  methods  of  obtaining  voltage  regulation. 

'•  Mr.  F.  P.  WlllTAKER  :  I  should  like  to  bring  out  one  or 

two  points  additional  to  those  which  I  referred  to  in  the 
London  discu>sion  (page  255).  My  experience  is  that  in 
many  cases  where  a  long  range  in  volt.agc  is  specilied,  it  is 
the  result  of  an  excessive  drop  in  the  m.ains,  which  of  course 
nv  '.jient  transmission.   The  cure  would  seem  to  be 

l<  Mry  converter  substations  at  such  positions  that 

the  v.iriatiun  in  volt.igc  would  be  reduced  to  a  reasonable 
figure,  and  with  a  corresponding  gain  in  transmission 
losses.  I  appreciate  that  under  this  condition  it  may  be 
necessary  to  parallel  a  substation  with  the  network  when 
the  voltage  on  (he  same  is  very  low.  This  can  be  done, 
cither  by  drawing  temporarily  more  lagging  current  than 
would  be  permissible  for  nonn.il  oper.iting  conditions,  or 
the  converter  c;in  be  p.irallcled  with  the  continuous-current 
netu-frk  through  a  resist.mce,  which  will  allow  of  the  load 
1  1  up  gradually.     As  the  load  is  taken  off  the  net- 

\s  -  :  c  substation,  the  voltage  will  rise  until  it  will  be 
quite  Mfe  to  shorl-circuit  the  last  step  of  the  resistance, 
when  the  substation  will  be  taking  its  share  of  the  load  on 
the  network.  In  this  way  55o-volt  traction  converters  can 
li'  (d  with  the  trolley  line,  even  though  the  pressure 

■  '■.  dnc  to  excessive  Irading.  h.is  dropped  to  400 

\  .       ;  converter   equipments  have  the 

.1  ■  lUCC  in  scries  with  the  converter 

I  over  wide  limits  to  suit  the  p.irticular  duty 

V  chines  have  to  perform.     For  instance,  it  is 

.'  IIS  to  install  a  higher  value  of  reactance  where 
I  '       '     run  on  a  reasonable  steady  load  than 

-  I).ivc  repeatedly  to  take  either  two  or 
>  lent.     I  believe  that  the  curves  of 

.'  ISM?  l-'oovicr  rotary  arc  based  on 

'  /.-current  axis  does  not 

<  :ivc  boost).     Some  years 

uc  tc»li  to  determine  how  much  this  .axis 
V.       .    , ,  and  I  found  it  quite  appreciable  on  conimu- 


tating-polc  booster  m.achincs  when  boosting.    It  is  not  quite  Mr. 
so  much  for  the  same  degree  of  buck,  the  difference  being 
accounted  for  by  the  action  of  the  commutating-polc  Hux. 

Mr.  I.  H.  lU'NTiNG  :  I  am  impressed  bv  the  Large  number  JJr 
of  difficulties  which  have  to  be  guarded  against  in  the 
design  of  rotarv  converters.  Of  course  we  have  known 
for  some  time  of  these  dilTiculties,  but  they  .ire  not  alwaj-s 
so  frankly  indicated  as  they  have  been  to-night  by  the 
author.  A  pamphlet  has  also  been  issued  recently  by  one 
of  the  firms  who  have  made  a  speciality  of  rotary  con- 
verters, in  which  the  disadvantages  rather  than  the 
advantages  of  this  type  of  plant  arc  emphasized. 

Mr.  M.  D.  RiJER  :  I  should  like  to  emphasize  the  advan-  Mr.  K^r. 
tage  of  keeping  the  voltage  range  within  as  small  limits 
as  is  compatible  with  tlie  reqiiiiemcnts  of  the  service. 
It  has  often  been  found  that  machines  ordered  with  a 
large  voltage  range  arc  never  run  at  their  lowest  or  highest 
limits ;  but  as  the  manufacturer  h.is  to  allow  for  the  whole 
range  being  obtainable,  it  means  that  the  user  has  to  pay 
for  a  larger  machine  and  at  the  same  lime  one  that  is  not 
quite  so  cfTicicnt  as  the  machine  with  a  sm.allcr  range. 
Referring  to  the  reactance  of  transformers  for  rotary 
converters,  it  would  be  very  interesting  to  know  if  the 
author  has  any  difficulty  in  obt.aining  as  much  as  25  per 
cent  reactance,  as  sever.al  manuf.acturcrs  do  not  seem 
inclined  to  include  as  much  as  this  in  their  transformers. 
The  author  points  out  very  clearly  the  in.iny  advant.iges 
of  reactance  control  over  booster  control,  a  point  which 
my  firm  have  alw.iys  tried  to  impress  on  their  customers 
in  connection  with  another  type  of  converting  plant, 
namelv,  the  La  Cour  motor  converter.  In  this  type  of 
plant  the  wattless  current  taken  at  the  lower  loads  will  be 
considerably  smaller  even  than  in  rotary  converters,  due 
to  the  high  value  of  the  reactance  at  these  lower  lo.ads. 

Mr.  A.  I'.XGK  :  In  the  electrical  undertaking  with  which  Mr.  Pace. 
I  am  .associated  there  are  at  present  97  rotary  converters, 
aggregating  53,000  kw.,  and  1  can  conlirm  a  previous 
speaker's  remark  that  very  few  booster  converters  are 
now  being  installed,  as  of  the  above  97  machines  only 
about  half-a-dozen  arc  of  the  booster  type.  In  the  early 
days  we  used  motor-generators  and  motor  converters  in 
preference  to  rotary  converters,  and  of  these  classes  of 
machines  we  have  34,  giving  24,000  kw.,  which,  in  con- 
junction with  the  rot.iry  converters,  amount  to  a  total  of 
approximately  Ho,o.oo  kw.  in  converting  plant.  For  the 
past  five  years  our  specification  for  rotary  converters  has 
not  v.aried  much.  In  view,  however,  of  what  the  author 
has  Slid,  we  shall  have  to  reconsider  the  position  carefully. 
We  know  th.at  we  obtain  enough  regulation  from  reacUincc- 
conlrollcd  machines,  but  we  do  not  go  the  length  of 
specifying  up  to  the  7 J  per  cent  limit  leferred  to  in  the 
paper  ;  we  are  content  with  4  per  cent  either  way.  In  a 
large  number  of  cases,  however,  the  regulation  might 
quite   well  be  cut  down    to  a  total  of   5  per   cent.     The 
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Mr.  Page,  summary  on  page  251  shows  the  reactance-controlled 
machines  to  be  very  much  better  suited  for  general 
conditions  than  the  booster  type,  and  while  cost  is  a  most 
important  factor  when  deciding  which  type  to  order,  the 
fact  that  better  commutation  is  obtained  with  reactance- 
controlled  plant  is,  in  my  view,  of  paramount  importance. 
There  should  be  no  great  difficulty  about  the  power  factor 
if  care  is  taken  to  specify  the  machine  properly  for  the 
conditions  under  which  it  has  to  operate.  It  is  a  new 
experience  to  have  a  statement  such  as  the  author  makes 
on  page  250  from  the  manufacturing  side.  He  says  that 
mverted  running  of  rotary  converters  should  be  considered 
as  an  emergency  condition  ;  the  possibility  of  inverted 
running  is  generally  used  as  an  argument  in  favour  of 
the  installation  of  rotary  converters  against  other  forms 
of  converting  plant.  Perhaps  the  author  would  explain 
further.  A  great  deal  of  trouble  has  certainly  resulted 
from  the  use  of  interpoles  on  converters.  I  suggest  that 
one  way  out  of  the  difficulty  is  to  go  back  to  the  old 
designs  in  which  there  are  no  interpoles.  I  believe  pur- 
chasers would  be  quite  willing  to  pay  the  little  extra  that 
this  might  involve  in  the  initial  cost  of  the  plant.  In 
Glasgow  we  are  experimenting  just  now  with  an  automatic 
method  of  changing  the  flux  on  the  interpoles.  It  involves 
a  double  set  of  brushes,  one  set  slightly  in  advance  of  the 
other.  Leads  are  taken  from  one  set  to  the  interpole  wind- 
ings on  the  way  to  the  line,  and  from  the  other  set  the  leads 
are  connected  through  a  resistance.  We  have  thus  two 
paths  in  p.arallel  between  the  commutator  and  the  line 
terminals.  It  is  claimed  for  this  arrangement,  which  is 
due  to  Professor  Miles  Walker,  that  the  interpole  strength 
will  be  correct  for  any  load  and  voltage  and  that,  there- 
fore, very  heavy  overloads  can  be  carried  by  the  machine 
without  sparking  or  arcing  over.  The  experiments  are 
not  yet  far  enough  advanced  to  say  much  about  them, 
but  we  hope  to  obtain  a  satisfactory  result.  We  are  now 
buying  a  number  of  high-speed  high-output  rotary  con- 
verters, and  are  obtaining  very  successful  results  from 
them,  although  this  stage  has  not  been  reached  without 
considerable  pioneer  work  in  the  elimination  of  disturbing 
factors  which  had  not  hitherto  appeared  to  be  of  impor- 
tance. Our  experience  shows  that  it  is  better  to  avoid 
saturated  reactive  iron,  as  otherwise  the  commutation  is 
very  indifferent.  As  long  as  other  means  exist  of  taking 
care  of  the  power  factor,  I  would  rather  have  a  good 
commutating  machine  than  one  which  made  a  high  power 
factor  possible.  I  should  like  to  have  the  author's  views 
on  the  excessively  high  open-circuit  voltage  which  is 
sometimes  experienced  on  rotary  converter  transformers, 
and  although  this  is  rather  a  digression  from  the  subject 
of  the  paper,  perhaps  the  author  will  tell  us  in  what  time 
a  short-circuit  near  the  substation  would  require  to  be 
cut  out  so  as  to  avoid  disturb3,nce  to  the  running  of  the 
rotary  converters  distributed  over  the  system.  The  tendency 
of  rotary  converters  to  come  out  of  step  on  the  slightest 
provocation  has,  in  many  instances,  retarded  their  more 
general  use.  The  speed  of  operation  of  switches  is,  as  a 
rule,  allowing  for  the  relay,  of  the  order  of  o'2  second. 
If  this  is  too  long  a  time  from  the  converter  point  of  view, 
then  apparently  every  time  we  have  a  surge  on  the  high- 
tension  system  we  must  expect  the  rotary  converters  to  take 
charge  of  the  situation. 
Seddon.       Mr.  E.  Seddox  :  The  object  of  the  paper  appears  to  be 


!  to  point  out  the  value  and  simplicity  of  reactance  control  Mr.  Sedt 
when  a  voltage  regulation  of  not  more  than  15  per 
cent  is  required  on  the  continuous-current  side.  Up  to 
this  point  a  rotary  converter  is  a  comparatively  simple 
machine,  but  if,  as  often  happens  in  practice,  an  increased 
regulation  is  desired,  then  the  rotary  converter  does  not 
appear  to  be  such  a  simple  machine  as  is  claimed  for  it. 
There  are  many  ways  of  effecting  this  increased  regu- 
lation ;  for  instance,  by  means  of  an  alternating-current 
booster,  an  induction  regulator,  the  split-pole  method, 
or  even  a  continuous-current  booster,  all  of  which  are 
more  or  less  complications.  Most  engineers  are,  I  believe, 
agreed  that  from  an  operating  point  of  view  the  syn- 
chronous motor-generator  is  the  ideal  machine  ;  at  any 
rate  it  gives  us  all  the  regulation  required  in  practice, 
and  the  power  factor  is  under  complete  control,  but  un- 
fortunately the  efficiency  is  low.  On  the  other  hand,  the 
simple  rotary  converter  has  poor  regulation  but  its  effici- 
ency is  high.  It  appears  that  we  cannot  combine  all  these 
good  qualities  in  one  machine  without  introducing  com- 
plicated accessories.  I  think  the  case  can  be  well  met  by 
the  motor  converter.  Here  we  get  almost  the  same  regu- 
lating qualities  of  the  motor-generator  with  onl)'  a  differ- 
ence cf  about  I  to  I J  per  cent  loss  in  efficiency  as  compared 
with  the  rotary  converter.  I  am  speaking  of  machines  of 
about  1,000  kw.  There  are  no  heavy  currents  to  be  col- 
lected  at   the   slip-rings.     There  is  only  one   rheostat  to 

.  operate  and  the  voltage  can  always  be  relied  upon  to  build 
up  with  the  correct  polarity.  Of  course  there  is  no  doubt 
that  the  strong  point  of  the  rotary  converter  is  its  high 
efficiency,  and  for  this  good  feature  it  will  continue  to 
hold  its  own. 

Mr.  F.  H.  Whysall  :  My  interest  centres  on  the  question  ^^^^^^ 
of  practice,  and  I  am  glad  to  feel  that  in  connection  with 
the  undertaking  which  I  represent  we  have  carried  out 
our  extensions  on  the  lines  advocated  by  the  author.  AH 
our  rotary  converters  are  reactance-controlled  six-phase 
machines(with  the  exception  of  one  75-kw.  inverted  machine 
which  has  a  continuous-current  booster).  In  the  case  of 
two  rotary  converters  we  have  a  middle-wire  booster  in- 
troduced for  balancing  purposes  on  a  three-wire  lighting 
system.  This  middle  wire  is  connected  from  the  centre 
point  of  one  of  the  low-tension  transformer  coils  to  the 
armature  of  the  booster,  and  from  the  armature  of  the 
booster  through  a  series  field.  In  a  third  unit  of  this 
size  (500-kw.)  the  booster  armature  only  is  in  series  with 
the  middle  wire,  and  the  shunt  field  has  been  fitted  with 
a  potentiometer  resistance  to  give  hand-control  of  the 
middle-wire  current.  Eight  of  the  rotary  converters  are 
of  the  self-synchronizing  type  and  the  remainder  of  the 
hand-synchronizing  type,  the  synchronizing  being  done 
on  the  high-tension  side.  In  the  case  of  the  small  three- 
phase  inverted  converter  with  a  continuous-current  booster 
mounted  on  the  same  shaft,  this  set  was  installed  at  the 
beginning  of  our  alternating-current  supply  when  there 
was  no  alternating-current  plant  available  for  long-distance 
transmission.  With  this  set  it  was  possible  to  maintain 
unity  power  factor  and  constant  speed  with  a  range  on 
the  continuous-current  side  of  the  system  of  500/560  volts 
and  at  the  same  time  maintain  the  constant  voltage  of 
3,300  on  the  outgoing  side  of  the  transformer.  In  my 
opinion  the  reactance-controlled  type  of  converter  is  the 
most  suitable,  provided  the  conditions  are  such  that  the 
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ir.  vclt.ii^f   rii;uI.ition   would   come   '.vithin   the    15  per  cent 

^****"       nic.'itioiicd  in  the  paper.     They  occupy  less  space  and  are 

easier  to  handle,  requiring  the   minimum  of  attention  to 

"'g   parts.      Our    voltage   regulation   is   carried   out 

ctorily  and  a  variation  of  about  10  per  cent  is  all 
;•:  it  1-  necesviry  under  normal  working  conditions.  Two- 
thirds  of  the  machines  arc  installed  on  consumers'  pre- 
mises for  two-wire  working  with  a  continuous-current 
volt.igc  range  of  200-^40  with  level  compound  cliarac- 
teristics,  the  compounding  effect  being  necessary  on 
account  of  the  vcrj-  heavy  intermittent  loads  which  the 
scr\ncc  requires.  I  refer  to  shipyards  and  engineering 
works  using  200-  to  25o-h.p.  air  compressors  accelerated 
from  standing  to  full  load  within  20  seconds  and  auto- 
matically controlled.  The  voltages  on  the  lighting  and 
traction  systems  wlierc  tlic  rotary  converters  arc  used  for 
either  service  are  fortunately  500-560  volts  on  the  outers 
for  lighting  on  a  three-wire  system  and  540  volts  for 
traction,  so  that  no  .ilternating-currcnt  boosters  arc  re- 
quired. On  the  high-tension  side  of  the  transformers 
2J  per  cent  tappings  are  left  to  enable  the  same  range 
at  lower  or  higher  voltages,  s.iy  480  to  520  volts.  Our 
experience  is  that  the  higher  range  is  only  required  during 
the  winter  months  and  little  trouble  is  involved  in  chang- 
ing from  one  set  of  tappings  to  another  at  the  beginning 
or  end  of  the  season.  Where  two  separate  ranges  of  volt- 
ages are  reiiuired,  it  seems  to  me  it  would  be  preferable  to 
install  a  selector  tapping  switch  or  plug  arrangement  on 
the  high-tension  side  of  the  transformer,  provided  the 
volLige  range  did  not  e.xcced  50  volts.  If  a  larger  range 
than  this  were  re^iuired  there  would  be  no  .alternative  but 
to  install  an  alternating-current  booster  regulation  owing 
to  the  large  amount  of  reactance  which  would  be  required, 
which  nn  low  load  would  give  a  l.irge  lagging  current. 
^  •    c  author  shows  clearly  the  limitations  of  con- 

■^  "it  as  a  means  of  power-factor   correction  on 

load^  other  than  that  carried  by  itself,  there  is  a  distinct 
tcndenc>-  for  operating  engineers  to  be  tempted  to  ovcr- 
cxcitc  the  fields  of  the  rotary  converters  under  the  react- 
ance control  with  the  intention  of  improving  the  power 
factor  to  compcns-ite  for  the  wattless  currents  which 
'■  other  parts  of  the  system.     Experiments 

■•  ■  'ed  that  the  healing  of  the  rear  tap  coils  on 

the  .uin.iluies  of  six-phase  rotary  converters  have  been 
»o  great,  more  especially  on  overloads  at  Ic.-iding  power 
factors,  as  to  make  it  rather  a  risky  proceeding.  As  an 
instance,  if  50  per  cent  overload  at  95  per  cent  le.iding 
power  factor  be  taken  on  the  rotary  converter,  the  heating 
I^  ne.irly  4)  times  that  of  full  load  heating  at  unity  power 
factor.  The  inherent  g'.o<l  voltage  ch.incteristics  of  con- 
■•  rathir  embarrassing,  especially  when 

'  (anil  i<r  tnde.ivouring  to  parallel  with 

•'  s  current  network  at  nearly  full  volt.age  after  a 

I"  this  connection  it  has  occurred  to  us  th.-it, 
with  lower  voltage  and  frequency  occurring  simultaneously, 
trouble  might  l>e  cauv;d  due  to  resonance  being  set  up  in 
the  circuit.     I  ihould  be  glad  if  some  information  could  be 

f "  '      I'    •■'      ''I   be  interesting  to  have  a 

'  ;  ince  and  Iwostcr-conlrolled 

'  1  in  the  paper  with  the  .splil-polc 


I  lllalBC.       ^1,     I-     >,    ,, 
to  mention  a« 


There  is   a    detail  that  I    want 
ilr advantage  of  the  reactance- 


controlled  rotary  converter  not  mentioned  by  the  author,  Mr.  Hininj? 
and  that  is  the  question  .is  to  where  the  shunt-field  rheostat 
should  be  fixed.  If  it  is  fixed  adjacent  to  the  alternating- 
current  control  panel  of  the  machine,  for  ease  in  syn- 
chronizing, it  is  in  the  wrong  place  for  continuous-current 
voltage  regulation,  as  usually  the  a.c.  and  c.c.  control  boards 
are  placed  at  opposite  sides  of  the  station— some  distance 
apart  anyhow.  If  two  rheostats  are  fitted,  one  ne.ir  the  a.c. 
panel  and  one  near  the  c.c.  panel,  the  length  of  the  field 
connections  and  the  two  rheostats  arc  a  possible  source  of 
trouble.  With  booster  control,  of  course,  the  main-field 
rheostat  is  fixed  adjacent  to  the  a.c.  panel  for  ease  in  syn- 
chronizing, whilst  the  booster-field  rheostat  is  fitted  near  to 
the  c.c.  volL-ige  control.  This  may  appear  to  be  a  small 
m.itter  and  therefore  has  not  been  mentioned  in  the  paper, 
but  it  seems  to  me  that  it  is  rather  important  from  the 
operator's  point  of  view. 

Mr.  W.  B.  HiRD  {ccmmunical(d)  :  It  would  seem  regret-  "f-  Hird. 
table  that  more  attention  has  not  been  paid  in  the  paper  to 
other  possible  methods  of  control  and  their  ndvant.iges  and 
disadvantages.  In  cases  such  as  that  mentioned  in  the 
p.iper  where  two  different  ranges  of  voltage  arc  required, 
it  seems  self-evident  that  the  use  of  two  t.ippings  on  the 
transformer  has  such  great  and  immediate  advantages  that 
one  would  expect  it  to  be  universally  employed.  By  re- 
ducing the  range  of  regulation  required  from  the  reactance, 
or  the  booster,  or  whatever  other  method  is  employed,  it 
evidently  simplifies  and  very  much  cheapens  the  first  cost 
of  the  app.iratus  required.  It  would  seem,  however,  that 
for  the  fine  regulation  required  in  addition  to  the  tappings, 
there  are  other  methods  worthy  of  consideration,  at  any 
rate  from  the  theoretical  point  of  view.  One  of  these 
is  the  use  of  a  continuous-current  booster  instead  of  an  alter- 
nating-current one,  and  although  the  difliculties  of  design- 
ing a  suitable  commutator  for  such  a  machine  may  in  some 
cases  be  prohibitive,  one  would  imagine  that  there  must  be 
many  cases  where  the  continuous-current  booster  would 
give  an  ideal  method  of  regulation.  It  would  be  free  from 
the  objections  of  the  r<.'actaiicc  method  in  so  much  as  it 
would  give  a  greater  range  of  regulation  and  would  allow 
of  control  of  tlie  power  f-ictor.  It  is  true  thai  if  connected 
to  tlie  rotary  converter  shaft  it  would  still  introduce  in- 
creased difficulties  in  the  commutation  in  the  same  w.-iy  as 
described  for  the  .iltcrnating-curreut  booster.  It  is  quite 
conceivable,  however,  that  cases  would  occur  wlierc  it 
would  be  possible  and  convenient  to  employ  a  motor- 
driven  continuous-current  booster.  Since  writing  the  above, 
I  have  read  Mr.  Brazils  remarks  in  the  London  discussion 
(page  253)  which  show  th.it  a  continuous-current  booster 
can  in  some  cases  be  used  perfectly  satisfactorily.  Another 
method  of  some  theoreticil  interest  would  be  the  use  of  a 
reactance  in  the  line,  aiianged  so  that  the  amount  of  re- 
actance could  be  varied  at  will.  It  would  seem  that  such 
an  arrangement  if  found  possible  in  practice  would  do  away 
with  some  of  the  difficulties  now  experienced  in  the  use  of 
voltage  control  by  reactance,  and  would  probably  make 
this  the  i<lcal  method  of  regulation  in  cases  where  too  l.irge 
a  range  of  the  regulation  was  not  required.  There  is  no 
doubt  th.il  the  simplicity  of  reactance  control,  as  mentioned 
by  the  author,  gives  it  great  .advantages  over  olhri  methods 
in  those  cases  where  it  can  Ik  used,  and  the  regulation  of 
the  amount  of  reactance  in  circuit  would  considerably 
incrca.sc  these  advantages. 
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Mr.  juhiin.  Mr.  G.  A.  JUHLIN  {in  reply)  :  The  point  raised  by  Mr. 
Belsey  with  reference  to  the  necessity  of  close  co-operation 
between  the  operating  engineer  and  the  designer  is  of  such 
importance  that  it  cannot  be  too  strongly  emphasized.  To 
have  dealt  fully  with  all  the  different  schemes  of  voltage 
regulation  would  have  been  far  too  lengthy  for  a  single 
paper  and  for  this  reason  it  was  limited  to  the  most  common 
types  of  control. 

Mr.  Whitaker's  remarks  in  connection  with  paralleling  a 
converter  with  the  network  when  the  voltage  is  very  low 
are  of  importance.  In  the  paper  I  drew  attention  to  the 
fact  that  very  much  larger  wattless  currents  can  be  carried 
by  the  converter  for  a  short  time  than  for  continuous  opera- 
tion, and  I  think  this  point  should  be  emphasized.  The 
curves  showing  the  ratios  of  armature  copper  losses  are 
based  on  the  assumption  that  there  is  no  displacement  of 
the  armature.  Unless  very  small  air-gaps  are  used  the 
displacement  will  be  very  small  for  the  values  of  boost 
usually  met  with. 

Referring  to  Mr.  Bunting's  remarks,  I  think  it  should  be 
made  clear  that  the  difficulties  mentioned  in  the  paper  with 
regard  to  the  booster  type  of  rotar}'  converter  do  not  exist 
in  the  simple  converter  and  are  therefore  not  inherent  in 
the  converter  but  simply  due  to  the  particular  system  of 
voltage  control.  I  do  not  think  my  remark  that  voltage 
regulation  of  rotary  converters  requires  close  consideration 
can  be  construed  to  emphasize  the  difficulties  of  the  rotary 
converter.  I  wished  to  emphasize  the  possibilities  and 
advantages  of  the  reactance-controlled  type  as  compared 
with  the  booster  type,  and  that  the  former  type  of  machine 
has  in  my  opinion  not  received  the  consideration  it  deserves. 

In  reply  to  Mr.  Roer's  question  as  to  the  amount  of  re- 
actance which  can  be  included  in  a  transformer,  I  would 
say  that  we  have  no  difficulties  in  obtaining  25  per  cent 
reactance. 

The  figures  given  by  Mr.  Page  are  very  interesting  and 
indicate  that  the  rotary  converter  is  holding  its  own  as 
converting  plant  for  large  distributing  systems.  It  is 
very  interesting  to  find  that  Mr.  Page  considers  a  total 
regulation  of  5  per  cent  in  a  large  number  of  cases  to  be 
sufficient.  Regarding  the  question  of  running  rotary  con- 
verters inverted,  my  remark  that  this  should  be  considered 
to  be  an  emergency  condition  may  be  open  to  misunder- 
standing. There  is  of  course  no  difficulty  in  running  con- 
verters inverted  except  where  special  conditions  as  regards 
\  voltage  variation  are  required,  and  the  meaning  I  wanted 


to  convey  was  that  each  case  should  be  considered  on  its  Mr  juhlii 
merits,  as  it  is  difficult  to  discuss  the  most  suitable  system 
in  a  general  way.  It  is  somewhat  difficult  to  make  a  general 
statement  on  the  influence  of  reactive  iron  on  the  com- 
mutation as  there  are  many  machines  with  transformers 
having  saturated  reactive  iron  running  exceedingly  well. 
The  open-circuit  voltage  of  the  transformer  for  an  over- 
compounded  machine  may  be  high  owing  to  the  machine 
being  designed  to  carry  low  wattless  currents  at  full  load 
and  above,  which  means  that  the  transformer  voltage  has 
to  be  reduced  at  light  loads  by  means  of  wattless  currents. 
It  is  not  very  promising  to  look  for  circuit  breakers  which 
would  clear  a  fault  quickly  enough  to  avoid  disturbances 
on  the  system.  Very  little  trouble  is  experienced  with 
modern  rotary  converters  as  regards  falling  out  of  step. 
Improved  dampers,  etc.,  have  eliminated  this  trouble  to  a 
great  extent. 

I  do  not  think  Mr.  Seddon  is  correct  in  stating  that  the 
motor  converter  has  almost  the  same  qualities  as  the  motor- 
generator  in  respect  to  voltage  regulation.  As  a  matter  of 
fact  the  motor  converter  has,  like  the  rotary  converter,  a 
constant  conversion  ratio,  and  voltage  regulation  must 
therefore  be  obtained  by  some  special  means  such  as 
reactance  control,  a  booster,  or  an  induction  regulator.  • 
The  motor  converter  has  to  be  provided  with  slip-rings 
wliich  will  be  in  circuit  continuously  unless  a  short-circuit- 
ing device  is  provided.  The  slip-rings  do  not  of  course 
carry  the  full  current  as  in  the  rotary  converter.  As  re- 
gards the  certainty  of  the  voltage  always  building  up 
in  the  right  direction,  there  is  no  difficulty  with  the  modern  • 
converter  in  this  respect. 

Mr.  Whysall's  remarks  are  exceedingly  interesting  as 
they  show  that  reactance  control  can  be  adopted  with 
success  for  general  power  and  lighting  service  as  well  as 
for  traction  work.  Referring  to  the  question  of  resonance 
being  set  up  due  to  falling  voltage  and  frequency,  there  is 
less  possibility  of  resonance  at  the  lower  frequency  than  at 
the  higher,  as  the  natural  frequency  of  systems  of  the  size 
usual  in  this  country  is  very  much  higher  than  the  running 
frequency. 

In  connection  with  Mr.  Hird's  communication,  the 
objections  to  the  use  of  the  separately-driven  continuous- 
current  booster  are  the  increased  first  cost  and  maintenance. 
The  variable  reactance  would  be  a  complicated  and  ex- 
pensive arrangement  and  would  not  materially  improve  the 
conditions  as  regards  voltage  control. 
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DISCUSSIOxN    ON 
PKINCIFLES  INVOLVED  IX  COMPUTING  THE   DEPRECIATION  OK  PLANT.'* 


Newcastle  Local  Sctiox,  12  March,  1917. 


•»•  Mr.  K.  G.  C.  Baldwin-:  On  page  mS  it  is  stated  tliat  in 

most  cases  the  first  cost  is  notliing  like  so  important  as 
\'  ■    '      u'es.     Now  I  tliiiik  tliat  there  is  a  general 

.;st  those  who  have  control  of  expendituic 
to  p.iV  vciy  luucli  more  regard  to  the  first  or  cipital  co-t 
than  to  the  annual  charges.  The  authors  mention  (at  the 
top  of  page  138,  2nd  col.)  that  it  may  be  advanl-igeous  to 
spend  extra  capital  to  obtain  low  annual  charges.  Too 
often  this  is  disregarded.  A  comparatively  small  addition 
to  the  first  cost  may  frequently  so  reduce  the  annual 
charges  that  the  additional  first  cost  incurred  may  actually 
lie  entirely  wiped  out  in  a  very  short  time,  and  yet  the 
extra  capital  required  may  not  be  forthcoming.  In  the 
(•  .f  the  paper  in  London  Mr.  Higlifield  suggested 

that  ihe  (liflterencc  of  opinion  between  engineers 
and  accountants  on  this  subject  of  depreciation  is  due  to 
the  fact  "that  the  engineer  is  generally  thinking  of  the 
plant  and  its  efficiency,  whereas  the  accountant's  interest 
is  m.iinly  in  the  efficiency  of  e.ich  sovereign  invested  in 
the  business."  I  think  that  this  is  quite  true,  and  the 
thought  suggests  that  one  step  in  the  removal  of  that 
difference  n(  opinion  is  to  give  the  engineer  a  little  more 
jntcri  and  the  dividend  derived  from 

it   i  I  more  Largely  concerned  with  the 

t  ie  01  Ills  prole>sion  than  he  is  at  present.      The 

.1..;..  ...ve  emph.isized  that  the  paper  de.il>  with  prin- 
ciples, hut  in  discussing  such  a  paper  it  appears  difficult 
to  exclude  entirely  the  applicition  of  those  principles  in 
practice,  and  I  should  like  to  ask  the  authors'  opinion  on 
a  ni.iltcr  which  I  tliink  is  not  entirely  irrelevant.  There 
are  numerous  cases  where  it  is  necessary  to  install  plant 
which  will  remain  spare  for  some  time.  In  order  to 
iTini:  tV..Tt  vpaie  plant  into  use  a  certain  small  expenditure 
1  V.     The  v.ilue  of  the  plant  is  not  increased  by 

s ,    :iditurc  (except  in  so  far  as   its  value    may  be 

regarded  as  being  enhanced  by  virtue  of  its  being  made 

r. •  -fvducing)  and  I   should  like    to   know   whether 

<  consider  such  a  charge  should  be  met  out  of 

.  ital.     The   question  of   depreciation   is  of 

t-,  and  »o  closely   concerns  engineers  of 

I  hope  It  will  not  be  allowed  to  drop.     I 

■r-   lltnt  llic   Institution  should  lake  up  the 

niitlcr  wi'  'road  principles  which 

mi' iii  Ih  ;  that  a  small  committee 

i  I  the  subject  in  all  its  bearings, 

*t  Bvmi        Mr.  |.   >  My   itnprcstion   after  reading  the 

I  '   iiR   fund   n    "     '     f  depreciation 

ii»ri    i*    t  '  (he    correct 

liiiii,  and  I  slinuld 

brcn    gcncr.illy 

I  (•!    any  The   other 

■  .■!  W   W.  I  .  t  I  ,r  jnil  jni 


systems  really  appear  to  be  a  mere  juggling  vviih  figures  Mr.  Beard, 
in  order  to  get  certain  supposed  advant.iges  which  seem 
diflicult  of  precise  expression.  Possibly  one  reason  which 
is  at  the  back  of  these  alternative  methods  is  that  to  some 
extent  they  simplify  book-keeping  and  the  users  of  them 
feel  that  in  the  long  run  the  results  are  sufficiently  accurate 
for  everyday  use.  There  is,  I  think,  some  justification  for 
this  attitude  in  th.it  I  cannot  conceive  how  any  really 
accurate  estimate  can  be  made  of  the  physical  lives  of  most 
forms  of  engineering  plant,  still  less  of  their  economic 
lives.  In  consequence  the  mathematical  precision  of  the 
sinking  fund  method  seems  somewhat  pedantic  in  the 
light  of  the  exceptionally  rough  data  on  which  it  is  based. 
The  life  of  telegraph  poles,  which  is  the  instance  cited  by 
the  authors,  is,  I  agree,  comparatively  easy  of  determin- 
ation, but  even  in  their  case  there  arc  many  disturbing 
factors,  althougli  there  arc  many  thousands  of  poles  of 
all  ages  on  which  to  base  calculations.  If  in  such  a  simple 
instance  only  an  approximate  figure  can  be  obtained.  I  do 
not  see  how  any  appro.ich  to  accuracy  could  be  made  in 
the  case  of  more  complicated  items,  such  as  turbo-alter- 
nators, transformers,  cables,  etc. 

Mr.  C.  P.  Armstrong  :  In  items  (^)  and  (4)  near  the  top  Mr. 
of  tl.e  second  column  on  page  140  the  authors  set  out  what  A™"'™"*- 
may  be  termed  the  essenti.al  conditions  necessitating  the 
plant  being  charged  with  a  yearly  sum  in  order  to  cover 
certain  maintenance  and  other  expenses.  The  first  of 
these  two  items  involves  the  setting  aside  of  so  much 
money  yearly  as  may  be  decided  upon  under  any  of  the 
three  methods  mentioned  on  page  141,  such  sum  being 
provided  for  depreciation.  It  occurs  to  me  that  a  somc- 
wli.it  involved  condition  may  arise  in  a  case  where,  sav, 
25  per  cent  of  the  plant  can  be  profitably  renewed  before 
the  expiration  of  its  full  useful  life.  Assuming  such  a  case, 
we  have  a  capital  value  increased  so  far  as  plant  is  con- 
cerned, and  of  course  earning  power  as  well.  In  such  a 
case  what  method  would  be  .idopted  to  provide  for  the  . 

sinking  fund  charges  ?     Would  the  depreciation  fund  be  I 

split  into  two — one  part  to  cover  depreciation  on  the 
renewed  plant  and  the  other  on  the  old  plant,  or  would 
a  general  average  value  be  taken  of  the  whole  ?  It  seems, 
in  any  Ciise  of  the  kind  indicated,  that  a  fresh  cilcnlation 
must  be  made  to  decide  what  amounts  shall  be  placed  to 
the  credit  of  the  sinking  fund.  If  so,  what  form  would 
such  calculation  lake  ? 

Mr.  A.  C.  HiivEV  :  Speaking  from  the  engineer's  point  Mr.  H>i 
of  view,  one  is  impressed  with  the  divergent  views  of 
accountants,  financiers,  and  engineers  on  the  subject  of 
depreciation.  If  there  were  cooperation  as  is  suggested, 
it  wouUI  be  greatly  to  the  advantage  of  any  industry.  It  is 
very  difficult  for  men  of  different  professions  to  re.ilizc  the 
importance  of  each  other.  Perhaps  that  point  may  be 
illustrated  in  this  way  ;  When  an  engineer  puis  forward 
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his  estimates  and  his  suggestions  he  frequently  does  so 
(especially  in  rising  industries)  with  a  view  to  the  future, 
and  often  his  estimates  for  some  considerable  time  ahead 
will  appear  to  be  not  so  satisfactory  as  he  had  optimistically 
suggested  in  the  first  instance.  When  that  occurs  the  en- 
gineer has  to  bear  criticisms  which  are  sometimes  not 
altogether  complimentary  witli  regard  to  his  financial 
knowledge.  The  gas  industry  has  been  very  severely 
dealt  with  lately  by  Parliament  in  anything  asked  for 
with  regard  to  improved  methods  of  finance.  The 
authors  have  mentioned  the  renewals  fund  as  one  of 
great  importance,  but  in  some  cases  in  recent  years 
where  there  has  been  a  renewals  fund  in  past  private 
Acts  of  Parliament,  it  has  been  struck  out  and  will  not 
be  allowed  in  future.  It  is  of  great  importance — especially 
for  large  undertakings — to  incur  a  considerable  expendi- 
ture in  certain  years  to  get  through  the  work,  and  it  is  a 
great  pity  that  such  a  fund  should  have  been  done  away 
with.  I  should  just  like  to  add,  with  regard  to  the  future, 
that  it  is  to  be  hoped  the  gas  and  electrical  industries  will 
be  more  closely  associated,  particularly  on  main  grounds 
such  as  the  subject  of  depreciation.  The  gas  industry  has 
recently  been  formed  into  one  very  strong  body  which  has 
a  national  council.  All  the  trade  and  professional  men  are 
there  represented  and  it  is  to  be  hoped  that  in  a  matter  of 
this  sort  if  the  industries  act  together,  benefit  will  accrue 
to  them  both. 

Mr.  C.  TuRXBULL  :  Some  years  ago,  when  the  Post 
Office  was  taking  over  the  undertaking  of  the  National 
Telephone  Compau)-,  there  was  much  argument  re- 
garding the  straight  line  and  sinking  fund  methods  of 
calculating  depreciation.  In  the  arbitration,  a  railway 
manager  gave  evidence  in  favour  of  the  straight  line 
method,  as  being  commonly  used  by  railway  companies. 
That  is  not  a  great  recommendation,  for  railway  com- 
panies' tariffs  are  always  rising,  and  it  is  well  known  that 
they  have  immense  amounts  in  their  capital  accounts 
which  do  not  represent  live  assets.  The  sinking  fund 
method  with  its  power  of  growing  by  means  of  compound 
interest,  if  adopted  by  railway  companies,  would  enable 
them  in  time  to  paj'  off  their  "  unrepresented  "  capital, 
which  the  straight  line  method,  with  the  small  contri- 
butions made,  has  not  done.  I  think  that  there  is  a 
distinct  difference  between  depreciation  and  maintenance. 
Depreciation  may  be  defined  as  the  loss  of  value  that 
takes  place  in  plant  which  is  efficientl)'  maintained.  In 
electrical  undertakings  depreciation  mainly  consists  of 
obsolesence.  Although  plant  depreciates  with  time,  we 
should  not  forget  that  there  is  also  appreciation  in  elec- 
tricity undertakings  owing  to  the  fact  that  as  consumers 
are  added  the  undertaking  earns  more  profits.  Hence 
a  municipal  undertaking  should  not  be  required  to  make 
full  provision  for  depreciation  during  the  early  days  before 
the  business  will  stand  it.  Some  towns  are  handicapped 
by  the  large  sums  which  they  are  compelled  to  pay  into 
their  sinking  funds.  This  is  generally  held  up  as  being 
sound  finance,  but  it  may  not  be,  because  where  the 
monej's  are  invested  at  compound  interest  they  accumulate 
rapidly  even  wliere  the  sums  put  by  are  co.nparatively 
small.  A  reference  to  tables  will  show  that  £^  is.  yjd. 
put  by  per  annum  at  3J  per  cent  will  redeem  ;£ioo  in 
18  years;  £2  is.  lojd.  in  22  years;  £2  iis.  4id.  in  25 
years  ;   and  ^"i    iSs.  gd.  in   30   years.     Experience   with 


gas    works   and   other    undertakings   goes   to   show  that  Mr. 
depreciation  in  value  is  not  so  rapid  that  the  concern  is  ^"™'"'' 
valueless  in  30  years,  and  we  may  conclude  that  an  elec- 
tricity supply  works  which  is  paying  off  its  capital  in,  say, 
25  years  is  in  at  least  as  good  a  position  as  the  ordinary 
gas  works,  and  probably  far  better  off  than  many  of  them. 

Mr.  G.   Nicholson  :  The   policy   of    providing   out   of  Mr. 
profits  a  sum  sufficient  to  write  off  the  plant  during  the  ^'"=''°'^' 
term  of  its  physical  life  is  undoubtedly  sound.     So  far  as 
providing  for  improvements  is  concerned,   however,  the 
position  is  somewhat  different,  as  shown  below  :— 

(i)  Such  improvements  will  presumably  result  in 
increased  efficiency  and  capacity,  and  therefore 
in  increased  profits.  Why,  then,  should  the  profits 
of  the  earlier  years  be  reduced  by  charging, 
against  the  same,  improvements  which  will  have 
the  effect  of  increasing  tlie  profits  of  later  j'ears. 
That  is  certainly  penalizing  the  shareholders  of 
the  early  years  and  benefiting  those  of  later  years 
abnormally.  The  original  shareholders  might 
legitimately  complain  that  the  profits  which  their 
capital  had  earned  had  been  utilized  to  provide 
improvements  which  the}'  themselves  did  not  get 
the  full  benefit  of,  and  that  later  shareholders  were 
obtaining  a  benefit  at  their  expense,  and  for  which 
such  later  shareholders  had  not  contributed  any 
capital.  In  a  new  concern,  of  course,  the  original 
shareholders  take  the  greatest  risk,  as  they  have 
no  past  results  to  guide  them  when  contemplating 
investment. 

(2)  Of  course,  if  capital   is  charged  with   the  same,  it 

means  that  a  higher  revenue  charge  immediately 
commences  to  accrue  so  as  to  write  down  such 
increased  capital,  but  as  there  is  a  larger  revenue 
also  accruing,  this  is  not  an  additional  burden. 

(3)  The   charging  of   improvements   to  revenue  in  the 

early  years  having  the  eft'ect  of  keeping  down 
dividends  is  bound  to  re-act  when  new  capital 
is  required,  and  it  might  be  found  very  difficult 
to  raise  new  capital  even  for  necessary  extensions 
(not  improvements),  which  difficulty  might  seriously 
retard  the  development  of  what  might  otherwise 
have  been  a  progressive  concern. 

(4)  Having  regard  to  the  prices  obtainable  for  power 

and  lighting  supplies,  and  to  the  cost  of  labour 
and  materials,  I  do  not  think  there  are  many 
electrical  undertakings  in  this  country  operated 
by  limited  companies  who  are  able  out  of  profits 
(a)  to  provide  for  depreciation  based  on  the  physical 
life,  (6)  to  provide  for  improvements  based  on  the 
economic  life  of  the  plant,  and  (c)  to  pay  a  fair 
dividend  to  shareholders. 

(5)  Whilst  it  is   of   the  utmost   importance  tliat   every 

opportunity  should  be  taken  to  strengthen  the 
financial  position  of  an  undertaking,  yet  the  man- 
agement have  a  dutv  to  perform  to  tlie  shareholders, 
and  therefore  I  am  of  the  opinion  that  improve- 
ments of  the  nature  indicated  are  more  fairly 
treated  as  capital  as  and  when  the}-  are  incurred. 

I  consider  that  the  authors  have  fully  substantiated  their 
claim  that  the  sinking  fund  basis  is  the  correct  one  for 
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depredation  purposes.  SpcaUinU  generally,  from  my 
experience  of  a.  Urge  undertaking  having  a  capital  expendi- 
ture account  of  alwut  3  million  pounds  and  where  further 
capital  is  being  expended  practically  from  day  to  day,  I 
consider  the  only  method  to  adopt  would  be  the  "  equated 
life  ■  and  to  treat  the  plant  as  a  whole. 

Messrs.  F.  Ciii-L  and  W.  W.  Cook  {communicated  reply) : 
For  the  reasons  given  on  page  226  we  confine  our  reply  to 
two  points  only. 

With  regard  to  the  allocation  of  the  cost  of  bringing 
spare  plant  into  use,  each  individual  case  must  be  con- 
sidered ou  its  merits  and  the  only  general  rules  that  can 
be   laid   down    arc   that   if   construction   work   has   been 


deferred,  tlic  completion  of  it  will  be  a  capital  charge,  and  Messrs  cm 
that  if  for  any  cause  it  is  necessary  to  do  again  work  which  '"■*  '^''*- 
has  already  been  done  once  the  cost  should  probably  be 
charged  to  revenue. 

The  difficulty  of  estimating  lives  has  already  been 
referred  to,  but  in  reply  to  Mr.  Beard  we  must  again 
emphasize  the  impossibility  of  considering  alternative 
schemes  without  making  the  best  possible  estimates  of 
lives.  This  is  a  really  practical  matter  of  cvcrydaj' 
importance  to  engineers  dealing  with  large  plants,  who 
must  select  plant  on  an  economic  basis  if  they  realize  their 
responsibility,  and  it  is  not  by  any  means  the  academic 
question  which  Mr.  Be.ird  appears  to  think. 
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598th   ordinary   MEETING,   12  APRIL,   1917. 
(Held  in  the  rooms  of  The  Institution  of  Civil  Engineers.) 


Mr.  C.  P.  Sp.\Rks,  President,  took  the  chair  at  6  p.m. 

The  minutes  of  the  Ordinary  Meeting  held  on  the 
22nd  M.irch.  191 7,  were  taken  as  read,  and  were  con- 
firmed and  signed. 

The  list  of  candid.-jtes  for  election  and  transfer  approved 
by  the  Council  for  ballot  was  taken  .as  read,  and  was 
ordered  to  be  suspended  in  the  H.all. 

The  Prf.sIdent:  I  have  to  announce  that  the  Institution 
of  Civil  Engineers  h.-»vc  kindly  placed  their  Reading  Room 
and  Library  at  the  disposal  of  our  members  whilst  wc  arc 


in  temporary  premises.  Unfortunately  the  books  of  our 
own  Reference  Library  will  not  be  available  to  members, 
with  tlic  exception  of  a  limited  number  of  works  of  refer- 
ence and  bound  volumes  of  periodicals,  but  wc  have  been 
able  to  take  with  us  our  Lending  Library,  and,  on  applica- 
tion to  the  Secrct.iry,  any  books  in  the  Lending  Librarj" 
can  be  sent  to  members  as  in  the  past. 

A  paper  by  Mr.  C.  Vernier,  Member,  entitled  "Way- 
leaves  "  (see  page  329),  was  read  and  discussed,  and  the 
meeting  adjourned  at  7.45  p.m. 


C99TII    ORDINARY   MEETINC,   20   APRIL,    1917. 
(Held  in  the  rooms  of  The  Institution  of  Civil  Engineers.) 


Mr.  C.  P.  Sparks,  President,  took  the  chair  at  6  p.m. 

The  minutes  of  the  Ordinary  Meeting  held  on  the 
12th  April,  IV17,  were  taken  ;is  re.id,  and  were  confirmed 
and  signed. 

Messrs.  J.  O.  Girdlcslone  and  J.  H.  Johnson  were 
appointed  .scrutineers  of  the  ballot  for  the  election  and 
transfer  o<  mcmljcrs,  and,  at  the  end  of  the  meeting,  the 
rcMilt  of  the  ballot  was  declared  as  follows  : — 

Elections. 

Aitoctate  Mcmhen. 
Dutchcr,  Percy  Henry  C.  Kinnear,  Robert  Inglis. 

Finncj",  Sydney  Henry.  Roylc,  William. 

Spurr,  Reginald  Dade. 

Gratluatet. 
Arm,  GeoTftc  Herbert.  McWilliams.MichacI Joseph. 

I"  I'redcrifck,   Sub-      Weldcn,  William  Audlcy. 

V.R 


Sliidciils. 
Clacys,  Walter  Ralph  K.  Hunini,  Robert  William. 

Corkling,  Robert  William.         M.^rtin.  Reginald  Ian. 
Ellercamp,  Wilfred  Alan  H.      Newburn,  Edgar  Allan. 

Transfers. 

Aisociale  lo  Member. 

Kenny,  Thomas  Richard  Davis. 

Graiiiiale  to  Asiociale  Member. 

Carter,  Arthur  Francis.  Macilwraitli.George  Mclvin. 

Riley,  Tom. 

SItiiieiit  lo  AsiPCiale  Mcmher. 
Flight,  William  Slanlev.  Jackson,      Forbes.      Lieut., 

R.N.V.R. 

Sliiileiil  lo  Graduate. 
n.ill,  William  James  E.  Perretl,  Arthur  Harold. 

W.irncr,  Cecil  Elheridgc. 
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The  following  donations  were  announced  as  having  been 
received,  and  the  thanks  of  the  meeting  were  accorded  to 
the  donors  : — 

Beiuivleiil  Fund  :  A.  H.  F.  Boughey,  ].  Burns,  \V.  W. 
Cook,  S.  Evershed,  F.  Gill,  H.  V.  Henniker,  S.  InsuU, 
J.  E.  Kingsbury,  W.  E.  Lane,  E.  K.  Scott,  M.  G.  Simpson, 
C.  P.  Sparks,  and  W.  C.  P.  Tapper. 

Building  Fund :  Professor  A.  Hay,  D.Sc,  \V.  McGeoch, 
and  A.  Wright. 

Library :  The  Association  of  Supervising  Electricians, 
The  Channel  Tunnel  Company,  A.  T.  Dover,  Killingworth 


Hedges,  Professor  A.  E.  Kennelly,  D.Sc,  J.  W.  Meares, 
\V.  H.  Nottage,  and  the  Societe  Internationale  des 
Electriciens. 

Mr.  ].  O.  Girdlestone,  Mr.  F.  B.  O.  Hawes,  and  Pro- 
fessor J.  T.  MacGregor-Morris  were  appointed  scruti- 
neers of  the  ballot  for  the  election  of  new  Members  of 
Council. 

A  paper  by  Mr.  G.  V.  Twiss,  Associate  Member,  entitled 
"  High-Tension  Overhead  Transmission  Lines  "  (see  page 
413),  was  read  and  discussed,  and  the  meeting  adjourned 
at  8  p.m. 
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ELECTION   OF   NEW   MEMBERS   OF   COUNCIL. 

The  scrutineers  (Mr.  J.  O.  Girdlestone,  Mr.  F.  B.  O. 
Hawes,  and  Professor  J.  T.  MacGregor-Morris)  appointed 
at  the  meeting  of  the  26th  .April,  1917,  have  reported  to  the 
President  that  they  have  examined  the  Ballot  Papers  and 
that  the  following  have  been  found  to  be  duly  elected  : — 

President:  C.  H.  Wordingham. 

Vice-Presidents  :  G.  W.  Partridge  and  W.  B.  Woodhouse. 

Honorary  Treasurer  :  J.  E.  Kingsbury. 

Ordinary  Members  of  Council :  L.  B.  Atkinson,  \V.  A. 
Chamen,  J.  S.  Highfield,  Sir  \V.  Slingo,  Lieut.-Col.  H.  C. 
Sparks,  D.S.O.,  M.C.,  and  A.  P.  Trotter. 

The  Council  for  the  year  1917-1918  will  therefore  be 
constituted  as  follows  : — 

President. 
C.  H.  WORDINGHAM. 

The  Past-Presidents. 

Vice-Presidents. 
R.  A.  Chattock.  R.  T.  Smith. 

G.  W.  P.ARTRiDGE.  W.  B.  Woodhouse. 

Honorary  Treasurer. 
J.    E.    KlXGSBURV. 

Ordinary  Members  of  Council. 


L.  B.  Atkinson. 
J.  O.  Callender. 
\V.  A.  Chamex. 
F.  W.  Crawter. 
J.  Devoxshire. 
H.  Dickixsox. 
J.  H.  Gray. 
H.  H.  Harrison. 

J.  S.   HiGHKIELD. 

Prof.  T.  Mather,  F.R.S. 


G.  H.  Nisbett. 

W.  Ll.  Preece. 

H.  F.  Proctor. 

G.  S.  Ram. 

W.  R.  Rawlixgs. 

Sir  W.  Slingo. 

Lieut.-Col.  H.  C.  Sparks, 

D.S.O.,  M.C. 
A.  P.  Trotter. 


ACCESSIONS   TO   THE   REFERENCE    LIBRARY. 

AXREP,  Aleph.  Investigation  of  the  peat  bogs  and  peat 
industry  of  Canada.  1913-14  (Canada,  Dept.  of 
Mines,  Mines  Branch) 

Svo 

.Al'cklaxd  Uxiversity  College. 

MEXT. 

The    Auckland    Power    House. 

stations.       [Reprinted     from 

Engineer,''  Aug.,  1913].     4*°- 
E.\tra-high-tension   insulators 


222  pp.     Oitaua,  1915 

EXGINEERING    DePART- 


The  Chairman  and  Immediate  Past-Chairman  of  each 

Local  Section.  ! 


Gas    and    oil    driven 
'  The    Commonwealth 
8  pp.     Melbourne,  1913 
The   use    of   compound 
and  simple  motors.     [Reprinted  from  "  The  Common- 
wealth Engineer "].  4to.     8  pp.     Melbourne,  n.d. 
Hydro-electric    power    in    New    Zealand.     [Reprinted 
from  "  The  Commonwealth  Engineer  "]. 

4to.     14  pp.     Melbourne,  n.d. 
The   Lake   Coleridge  power  scheme,  X.Z.     [Reprinted 
from  "The  Commonwealth  Engineer,"  Dec,  1914]. 

4to.     7  pp.     n.p.,  1914 
Some    hydro-electric    plants    in     New    Zealand.     [Re- 
printed from  "The  Mining  and  Engineering  Review," 
Mar.  and  Oct.,  1912]. 

4to.     8  pp.     Melbourne,  1912 
Babcock,  E.  J.     Economic  methods  of  utilizing  western 
lignites.       [United     States,     Dept.    of    the    Interior. 
Bulletin  8g.]  8vo.     73  pp.     Washinilton,  1915 

Bauer,  L.  A.,  and  Fleming,  J.  A.  Land  magnetic  observa- 
tions 1911-1913,  and  reports  on  special  researches. 
[Carnegie  Institution  of  Washington.  Researches  of 
the  Dept.  of  Terrestrial  Magnetism,  vol.  2]. 

4to.     284  pp.     Washington,  1915 

Bearce,  E.  W.,  and  Peffer,  E.  L.     Density  and  thermal 

expansion    of    American    petroleum    oils.       [United 

States,  Dept.   of    Commerce,   Technologic   Papers  of 

the  Bureau  of  Standards,  no.  77.J 

Svo.     26  pp.     Washington,  1916 
Be.wer,    C.    J.     Address    on     "  The     personal     side    of 
engineering  training,"  March  28th,  1916.     [The  Institu- 
tion  of   Electrical   Engineers,    Manchester    Students' 
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Synopsis. 

1.  Introduction. 

2.  Gener.il  design  of  transmission  lines. 

Spacing  of  conductors  : — 

Arrangement. 

Clearances  :  (<i)  between  conductors,  (b)  between  con- 
ductors and  supports. 
Tension  and  loading  of  conductors  and  consequent  effects. 

Comparison  of  wind  and  ice  loadings. 

The  economical  span  length. 

Factors  of  safety. 
Earth  and  lightning  wires. 

Loads  at  terminal,  angle,  and  intermediate  positions. 
Choice  of  type  of  insulators  having  regard  to  mechanical 

loads  and  voltages.  < 

Special  arrangements  for  Merz-Hunter  system. 

3.  Particular  design  of  transmission  line  material. 

Poles  :  Wood,  tubular,  lattice  steel.     Testing. 
Line  insulators. 
Electrical  design  (normal  working  ;  surges)  ;  Pin  type  ; 

suspension  type  (Hewlett ;  metal  hooded). 
Mechanical     design  :     E.xpansion     and     contraction, 
stresses,  loads  ;  pin  insulators,  attachment  to  pins  ; 
suspension  insulators. 
Testing  of  insulators  : — 

Routine  :  electrical,  mechanical. 

Design :      electrical,      high-frequency,     mechanical, 

mechanical-electrical. 
Deterioration  :  "  Megger,"  dye,  mechanical-electrical, 

heat. 
Concluding  remarks  to  insulator  section. 
Clamps,  etc.,  for  straining,  suspension,  pin  insulators, 
earth  wires. 

4.  Conclusion. 

I.  Introduction. 

Several,  recent,  large  power  schemes  abroad  embodying 

transmission   lines  of   the   highest  voltages*   have    been 

*  T.-ita  Hydro-electric  Power  Co.  (see  paper  by  Mr.  A.  Dickinson, 
Joiiriia!  I.E.E..  1915,  vol.  53,  p.  693)  ;  Victoria  Falls  &  Transva.il 
Power  Co.  (see  p.iper  by  Mr.  A.  E.  Hadley,  Jotirual  I.E.E.,  iqi3, 
vol.  51,  p.  2)  ;  Hora  Hora  Hydro-electric  scheme  of  the  Wailii  Gold 
Mining  Co.,  etc. 
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engineered  from  this  country,  and  our  share  of  such 
engineering  is  likely  to  increase.  Moreover,  in  view  of 
the  necessity  for  conservation  of  the  coal  resources  of 
this  country  and  the  fact  that  we  must  hold  our  own 
in  industry  against  countries  possessing  abundant  and 
very  cheap  power — -derived  from  water  and  transmitted  by 
high-tension  transmission  lines — it  is  quite  possible  that 
we  may  j'et  have  transmission  lines  working  at  100  kilo- 
volts  or  so  in  this  country.  The  present  movement  in 
regard  to  the  linking  up  of  power  stations  may  indeed 
necessitate  transmission  lines  at  voltages  much  higher  than 
those  used  at  present  ;  and  there  is  still  the  possibility  of 
developments  such  as  the  transmission  of  power  in  bulk  at 
high  voltages  from  coal  areas,  as  foreshadowed  by  Dr. 
Ferranti  in  his  Presidential  Address  to  this  Institution.* 
Hence  the  subject  of  transmission  lines  at  the  highest 
pressures  is  of  increasing  concern  to  us. 

Transmission  lines  abroad  and  in  the  British  Dominion 
including  those  engineered  from  this  country,  show  markeo 
differences  from  those  at  home,  as  is  shown  in  Fig.  i. 
The  respective  voltages,  whilst  accounting  /c,  Ihe  length 
of  cross-arm,  do  not  entirely  account  for  the  other  differ- 
ences. If,  therefore,  a  loo-kilovolt  line  had  to  be  built 
in  this  country,  upon  which  practice  would  the  design 
be  based  ? 

This  is  merely  an  interesting  example  of  one  of  many 
divergencies  and  open  points  which  exist  in  transmission- 
line  practice  of  to-day,  and  these  and  other  matters  are 
considered  below. 

2.  Gener.\l  Design  of  Tr.4nsmission  Lines. 

Sp.^cing  of  Conductors. 

ArrangeJiient.— Conductors  may  be  arranged  in  any  of 
the  ways  shown  in  Fig.  2.  The  diagrams  show  arrange- 
ments for  double  circuits,  but  for  single  circuits  half  of 
each  diagram  may  be  read. 
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The  considerations  which  influence  the  choice  of  arrange- 
ment of  conductors  are  as  follows  :— 
( j)  Electrical  considerations. 
( ''»  Mcchinical  considerations,  such  as  :  — 
Possibility  of  wires  swinging  together. 
Leverage  on  the  crosi-.nrms  and  poles. 
Siiow,  cither  unevenly   weigliing  down  the  con- 
ductors, or  falling  off  and   causing  the   con- 
ductors to  foul  one  another  or  to  come  too  close 
together. 


lines  at  home  and 


abi'iaU. 


From  the  electrical  point  of  view,  the  A  and  H  arrangc- 
mcnl^  in  l*ig.  2  arc  e<|tialiy  satisfactory.  In  any  case, 
however,  the  niaintcn4ncc  of  an  c(]uilatcral  triangle  is  not 
of  tlif  iTr.iii  -i  importance,  and  on  some  of  the  hirgcst 
mo  n  line*  no  attempt  is  made  to  obtain  a 

triali,;<ii.ii    .1:  I  iii^i  iiicnt. 

From  the  point  of  view  of  twinging  together,  Ci   is  Ihc 

■    '  :     Hj,  anl  '  next,  whilst  as  reg.irds 

I'l  It  Ihc  I  lie  A  arrangement  is  Ihc 

lrt..l.       1  IS  equally  good   if 

the  lij"  1 1 V  as  ill  n_1. 

I'  lii.il  Ihc  IS  air.ingemcnl  with 

the  ilv  tilled  IS  the  hcst  arrange- 


ment for  double  circuits,  as  it  gives  the  shortest  poles  and 
the  shortest  cross-.arms  compatible  with  the  absence  of 
swinging  together  and  snow  effects,  and  incidentally 
maintains  the  triangular  arrangement — which  is  desirable 
if  nothing  is  lost  thereby. 

For  pressures  in  the  neighbourhood  of  100  kilovolts  this 
arrangement  makes  the  top  cross-arm  somewhat  long,  as 
shown  in  Fig.  i.  Asa  matter  of  fact  the  de!-it;n  of  these 
long  cross-arms  was  questioned  when  Mr.  H.idley  read 
his  p.ipcr  before  the  Institution,  in  which  he  illustrated 
similar  towers.'^  The  triangular  members  to  which  the 
insulator  is  fastened  at  the  extreme  of  the  crosvarm  are, 
however,  pivoted  and  form  a  sling  \  which,  having  no 
movement  later.illy,  is  free  to  swing  in  the  line  direction  ; 
hence,  in  the  event  of  a  conductor  being  broken  on  one 
side,  the  sling  and  the  suspension  insulator  swing  into  the 
span,  thereby  materially  reducing  the  tension.     The  anthor, 

ABC 


Fig.  j.  — AiranyeinenI  of  e  Mutuctors. 

who  was  concerned  with  the  design  of  these  masts,  was 
present  at  tests  conducted  upon  them  when  a  torsional 
couple  was  applied  to  tlic  long  cross-arm  to  simulate  the 
effect  of  the  breakage  of  the  conductors  on  opposite  sides, 
and  the  mast  withstood  tliis  test  satisfactorily. 

It  will  be  noticed  that  in  this  design  of  mast  the  con- 
tinuous taper  of  the  pole  gives  the  necessary  lilt  to  the 
base  of  the  triangle  to  obviate  trouble  due  to  snow  on 
conductors. 

For  single-circuit  conslructioii  the  horizontal  arrange- 
ment (C2  111  Fig.  2)  appcirs  to  have  advantages,  as  the 
pole  is  the  sliorlest  possible  and  there  is  no  pos-ibilily  of 
the  conductors  fouling  owing  to  snow.  It  requires,  how- 
ever, the  maximum  length  of  cross-.arm.  and  triangular 
spacing  as  A  or  H  is  more  frequently  used  in  practice. 

CIciiranu  bclwuii  foiK/m/on.— The  considerations  affect- 
ing clearance  between  conductors  are  as  follows  :— 

(I)  Mechanical,  i.e.  the  possibility  of  wires  swinging  into 
contact  or  dangerously  close  together. 

(j)  Electrical  considerations,  which  with  the  very  high 
voltages  must  include  the  possibility  of  corona  loss. 

In  regard  to  (1),  the  possibility  of  wires  swinging  to- 
rn the   RaiiJ."     .'?.'m«.i(  /.«.£-. 
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gether  will  of  course  depend  upon  the  relative  positions 
of  the  wires,  whether  horizontal,  vertical,  or  triangular. 

Clearance 
6   J   8    9  10  n  iz  13  14  15 


Fig. 


-Curve  of  clearances. 


•Vo/c*. — Figures  of  sag  and  clearance  may  be  read  in  anv  unit.  i.e.  in  feet, 
inches,  etc.    Conductor  cur^'es  are  calculated  upon  Board  of  Trade  regulations. 
o"505  in.  diam.  =  19/oToi"  :  0*415  in.  diani.  =  l9/o'0'^3"  ; 
024in,diam.  =  7/i4S.\\'.G. 

There  seem  to  be  no  definite  rules  in  regard  to  the  clear- 
ance necessarj'  for  mechanical  reasons,  and  the  following 
discussion  is  given  tentativeh-  with  a  view  to  arriving  at 
some  basis. 


material  such  as  aluminium)  will  tend  to  swing  irregu- 
larly, i.e.  out  of  phase,  and  might  touch  or  come  dan- 
gerously close  unless  well  spaced  apart.  Wires  having 
a  greater  weight  relatively  to  their  wind  area  (i.e  large 
wires,  especially  of  heav\-  material  such  as  copper)  will 
have  a  more  dead-beat  action  and  will  tend  to  swing  less 
out  of  phase,  i.e.  more  synchronously,  and  consequently 


Fig.  4. — Method  of  determining  length  of  pin. 

need    not   be   spaced   so   far  apart   to   obtain   the    same 
security  against  short-circuits. 

This  out-of-phase  swinging  is  best  stated  as  an  angle, 
and  as  the  wires  cannot  very  well  swing  to  diametrically 
opposite  positions,  the  maximum  angle  of  out-of-phase 
swinging  for  the  lightest  and  smallest  wires  will  be,  say, 
go".  For  heavier  and  larger  wires  it  will  of  course  be  less, 
depending  upon  the  ratio  of  wind  load  to  weight.     This 


r^ 


n  ■■■\i/i /- tv 


> 


y 


Fig. 


-Clearances  with  suspension  insulators. 


Clearance  with  horizontal  arrangement. — Wind  may  blow 
at  any  angle  to  the  conductors,  and  with  different  velocities 
at  different  points  in  an}'  span  ;  hence  a  set  of  sagging 
conductors  of  small  weight  relatively  to  their  wind  area 
(for    instance,    very    small    wires,   especially   if   of    light 


ratio  u\3.y,  however,  also  be  expressed  as  an  angle,  namely, 
that  made  with  the  vertical  by  the  resultant  of  the  wind 
load  and  the  weight.  The  maximum  value  of  this  angle 
would  also  be  90°  for  the  hypothetical  case  of  a  wire  with 
no  weight,  and  the  heavier  and  larger  the  wires  the  smaller 
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»-ill  be  this  angle.  From  this  point  of  view,  the  relation- 
ship of  wind  area  to  weight  might  be  used  as  an  absolute 
indication  of  clearance  by  making  the  latter  equal  to  the 
i-  ■"'•  tl>e  sine  of  the  angle  made  with  the 

^  ■  "H  of  the  wind  .irca  and  the  weight. 

Ic  prcvtiit  awinuing  togetlicr,  clearances  must  obviously 
\-an-  wHth  the  tension  at  which  the  conductors  are  strung, 
'^^  -P'"'  'he  wind,  the  temperature,  the  size  and 
■  ■  '^>c  conductor,  and  the  sag,  and  all  these  con- 

ditions .ire  considered  in  this  method. 

The  curve  of  clearances  shown  in  Fig.  3  has  been  cilcu- 
latcd  upon  this  basis  and  appe.vs  to  give  clearances  which 
•'  r.ible  with  the  best  practice. 

uilh  vctiiCiil  nnangcme-nt .—Here  the  chief 
pi-.ii;  to  be  Uken  into  consideration  is  the  possibility  of 
the  wires  being  unequally  borne  down  by  ice  or  snow,  or 
of  the  wind  lifting  or  depressing  the  wires  unequally.  The 
cle-irance  will  therefore  bear  a  relationship  to  the  span, 
and  a  clearance  of  i  ft.  per  100  ft.  of  span  would  appear  to 
be  a  good  rule. 

Clearance  XL-ith  triangular  arrangement.— \i  the  base  of 
the  triangle  is  horizontal  the  clearance  would  be  settled  as 
above  for  horizontal  cle.irance  ;  if  vertical,  then  the  vertical 
c  would  settle  it,  and  for  all  other  cases  the  clear- 

•*  '>c  adjusted  accordingly. 

In  regard  to  ut  above,  namely,  electrical  considerations, 
formula-  are  already  available. 

The  final  clearance  chosen  for  a  given  case  would  be 
whichever  proves  to  be  the  greater,  that  indicated  for 
electrical  or  for  mechanical  considerations  ;  and  in  certain 
cases  the  necessary  clearance  between  the  conductors  and 
the  pole  may  necessitate  a  greater  clear.^nce  between  the 
conductors  than  that  above  obtained. 


referred  to  has  therefore  been  used.  Fig.  5  shows  a 
mast  with  these  slings  and  the  clearances  thereby  ob- 
tained. As  a  matter  of  fact,  however,  on  the  majority  of 
transmission  lines  where  suspension  insulators  have  been 
adopted  no 'such  refinement  has  been  used  for  the  purpose 
of  maintaining  this  clearance,  and  it  is  evidently  considered 
that  trouble  from  this  source  is  so  unlikely  .is  not  to  justify 
special  provision  to  prevent  it.  This  theory  isl.-irgcly  justi- 
fied by  the  fact  that  an  arc  would  always  tend  to  strike  in 
the  path  of  the  strongest  electrostatic  field,  which  would 
generally  be  that  over  the  insulator. 

Tension   and   Loading   of   Conductors  and 
CoNSEQiiENT  Effects. 

Comparison  of  assumed  wind  ami  tee  loadings. — The  Board 
of  Tr.-ide  Regulations  assume  the  maximum  conditions  of 
loading  to  be  a  wind  of  25  lb.  per  sq.  ft.  at  a  temperature 
of  22°  F.  without  snow  or  ice  on  the  conductors  ;  and  a 
factor  of  safety  of  5  is  required  on  the  conductors  under 
these  conditions. 

Other  countries  make  different  assumptions  and  stipulate 
other  factors  of  safety.  For  in.stance,  the  l'.S..\.  Joint 
Report  Recommendations  assume  a  certain  ice  loading  and 
a  small  wind.  Nevertheless,  ice  does  sometimes  form  on 
conductors  in  this  country  and  high  winds  sometimes 
blow  in  the  United  States,  and  it  is  quite  possible  that  the 
assumed  conditions  which  occur  regularly  in  one  country 
may  occur  occasionally  in  the  other.  It  is  therefore  in- 
structive to  make  a  comparison  of  the  effect  of  such 
different  assumed  lo.idings  upon  the  factors  of  safety  in 
the  event  of  a  possible  reversal  of  the  assumptions. 

For  the  purpose  of  making  the  necessary  calculations 
the  following  case  has  been  taken  : — 


Copper  conductor  01  jy.  in.  (0-415  «"-  dia.)  =  0-404  lb.  per  ft.     Tensile  strength  60,000  lb.  per  sq.  in.  and  a  span  0/500//. 


Country 

Auumcd  Load 

StrcM,lb. 

F«lorof         "^Ja"' 

Strta  la  lb.          „ i_  ik 

RnpccUn      1          ij«F 
Tcin|».         1 

Factor  of 

S»(clv 

Bo.T   Load, 

«"F. 

Great  Britain  (B.o.T.) 
U.S.A.  (Joint  Report) 

t                                     Iro- 

Wind  25  lb.  sq.  ft. 
Min.  temp.  22'  F. 
Wind  «  lb.  sq.  ft. 
Ice  coating  }  in. 
Min.  temp.  0  F. 
Wind  1 1  lb.  sq.  ft. 
Ice  coating  j  in. 
Min.  temp.  32°  F. 

12,000 
30,000 

30,000 

S 

2 

a 

0-658 
1-05 

«o35 

13,000 
18,700 

19,100 

12.000 
17,800 

19.500 

5 
337 

3"o8 

from 

t',  in 


'lor  and  cros},-armi  or  pole.    Pin 

'    '     '•  Inrtwcen  a  conductor  and  the 

'11  i\  pill  in»ulator  is  of  course  dependent  upon 

'f  the  pin.     It  is  advivible  that  the  distance 

ctor  to  the  cros^arm  should  not  be  less 

'  c  from  the  condiictijr  round  the  insulator 

'      Fig.  4  shows  how  the  correct  length  of 

tied. 

.'.orsswingout 

to  the  cross- 

■casured  from 

'ini   over   the  insulator.      In 

iijiicc   Ihc    sling   prcviouily 


These  figures  sliow  that  the  United  States  and  Canadian 
factors  of  safely,  compared  on  the  s.imc  basis  of  lo.iding  as 
ours,  .ire  not  so  low  as  they  seem  to  be,  and  in  the  assumed 
conditions  under  which  we  gel  our  factor  of  safety  of  5, 
they  get  a  factor  of  s.-ifety  in  the  neighbourhood  of  3.  As 
a  matter  of  fact,  the  factor  of  safety  of  3  is  the  one  most 
favoured  on  the  Continent,  indeed  by  most  countries. 
The  factor  of  safety  and  assumed  lo.adings  have  important 
cffccli  on  the  efficient  span  length  and  on  the  cost  of 
tr.i'  line  construction,  as  shown  later. 

/  ..   s^jfi  length. — In  this  country  we  find  span 

lengths  ol  the  order  of  150  ft.  with  a  maximum  of  perhaps 
300  ft.,  while  abroad  wc  lind  a  usual  span  length  of  500  ft. 
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and  in  America  and  Canada  as  high  as  700  ft.  This  is,  of 
course,  excluding  abnormahties  such  as  crossing  valleys, 
rivers,  and  the  like,  which  are  common  to  all  and  require 
special  treatment.  One  can  design  to  get  equal  safety 
with  any  reasonable  length  of  span,  and  economy  should 
be  the  only  consideration. 

For  the  purpose  of  considering  the  relative  cost  of 
different  spans  a  transmission  line  can  be  broadly  divided 
into  two  parts,  viz.  (i)  the  conductors,  the  cost  of  which 
is  practically  irrespective  of  the  span  length,  and  (2)  the 
supports,  i.e.  poles,  insulators,  and  accessories,  the  cost  of 
which  will  vary  for  different  span  lengths. 

For  practical  purposes,  therefore,  it  may  be  stated  that 
the  cost  of  different  span  lengths  will  vary  according  to 
the  number  of  supports  and  the  individual  cost  of  such 
supports  for  such  different  span  lengths  respectively. 
For  a  given  span  the  number  of  supports  per  unit  distance 
is  constant  and  the  only  variable  is  the  cost  of  the  in- 
dividual supports.  The  cost  of  poles  varies  with  the 
height  and  load.  The  height  and  load — and  therefore  also 
the  cost  and  the  economical  span — vary  with  the  size, 
tension,  and  loading  of  the  conductor.  The  size,  tension, 
and  loading  may  be  plotted  as  in  curve  A,  Fig.  6,  indicating 
the  maximum  sags  and  the  loads  for  different  spans. 

Sags  4-  fixed  clearances,  etc.  =:  height  of  poles. 
Loads  X  no.  of  conductors  =  load  on  the  poles. 

Heights  and  loads  of  poles  may  also  be  plotted  as  in 
Curve  B,  which  indicates  the  cost  (on  a  given  basis)  of 
poles  of  various  sizes  for  different  loads. 

Cost  of  pole  4-  cost  of  insulators, 

cross-arms,  and  accessories  :=  cost  of  the  support. 

There  will,  however,  be  main  or  angle  supports,  generally 
about  one  in  eight,  and  the  cost  of  these  will  be  approxi- 
mately double  that  of  an  ordinary  support.     Therefore 

Cost  of  support  X  no.  per  mile  -{-  ^  (no.  per  mile) 

=  cost  of  supports  per  mile. 

The  method  of  finding  the  theoretically  economical 
span  for  any  transmission  line  is  therefore  as  follows  : — 

(i)  Select  any  span  and,  knowing  the  size  of  conductor 
and  the  tension  and  loading  to  be  allowed  for,  from 
Curve  A  find  the  sag  and  load. 

(2)  Take   the   sag  and  add    the   clearance,  etc.     This  . 

gives  the  height  of  the  pole. 

(3)  Take  the  load  per  conductor  and  multiply  it  by  the 

number  of  conductors  and  the  factor  of  safety 
required  on  the  poles.  This  gives  the  ultimate 
strength  of  poles. 

(4)  With  the  height  and  ultimate  strength  of  the  pole, 

from  Curve  B  find  the  cost. 

(5)  Make  an  addition  for  insulators  and  accessories  and 

multiply  by  the  number  of  poles  per  mile,  with  an 
allowance  for  main  and  angle  poles,  and  plot  the 
figure  obtained,  as  in  Curve  C. 

This  method  will  be  readily  followed  by  reference  to  the 
arrows  on  the  curves. 

By  taking  different  spans  and  repeating  the  above  pro- 
cedure, a ^  shaped  curve  will  result,  and  the  lowest 


point  in  this  curve  is  of  course  the  theoretically  economical 
span  for  the  particular  conditions  taken. 

The  set  of  curves,  Ci,  C2,  C3,  and  C4  in  Fig.  6  for 
different  sizes  and  different  tensions  and  loadings  of  con- 
ductors have  been  plotted  in  this  way,  and  the  assumptions 
as  to  clearance,  cost  of  insulators,  etc.,  are  indicated 
thereon.  The  cost  figures  are  correct  only  for  the  basis 
prices  as  indicated,  but  it  will  be  seen  that  the  relative 
cost  remains  substantially  correct  irrespective  of  the  basis 
price,  and  therefore  the  relationship  between  the  eco- 
nomical values  of  different  spans  is  equally  correct.  At 
any  rate,  the  foregoing  procedure  and  curves  provide  a 
definite  basis  to  work  upon  and  a  nucleus  upon  which  any 
refinements  which  occur  to  the  user  may  be  added. 

Also  it  will  be  noticed  that  it  is  a  theoretically  economical 
span  which  is  shown.  This  is  a  very  necessary  qualifica- 
tion, as  tlie  exigences  of  local  conditions,  such  as  the  nature 
of  the  route,  local  prejudices,  wayleaves,  etc.,  may  rule 
otherwise.  Even  then  it  wiil  be  something  to  work  back 
from. 

From  the  curves  it  at  once  appears  that : — 

(i)  The  larger  the  conductor  the  longer  is  the  economical 
span,  and  vice  versa. 

(2)  The  higher  the  tension  of  stringing,  the  longer  is  the 
economical  span,  and  vice  versa. 

(3)  The  larger  the  conductors  the  greater  is  the  differ- 
ence between  the  economical  span  lengths  for 
U.S.A.  and  Great  Britain  conditions  respectively 
(this  is  due  to  the  ice  loading  on  the  U.S.A. 
conductors). 

I       (4)  The  higher  the  tension  of  stringing  the  less  is  the 
cost  of  the  transmission  line. 
(5)  The  greater  the  number  of  conductors  the  shorter  is 

the  economical  span  length. 
(5)  The  economical  span  length  is  never  shorter  than 
250  ft.  for  the  cases  taken. 

(7)  A   wooden   pole   is   impracticable   for   an    ultimate 

strength  of  24,000  lb.  and  over,  whereas  for 
ultimate  strengths  up  to  6,000  lb.  wooden  poles 
have  always  the  advantage  over  steel  poles. 

(8)  Wooden  poles  are  the  more  economical  up  to  the 

points  of  divergence  shown  on  the  curves. 

Span  lengths  of  600  to  700  ft.  for  U.S..A..  and  Canadian 
conditions  are,  in  certain  cases,  shown  to  be  justified. 
On  the  other  liand,  spans  of  150  ft.  appear  never  to  be 
justified  on  economic  grounds  even  with  the  low  tensions 
of  stringing  used  in  this  country.  Similar  calculations, 
however,  show  that  the  span  of  150  ft.  is  correct  in  many 
cases  with  telegraph  lines,  and  it  may  be  that  telegraph 
practice  has  influenced  our  span  lengths  in  transmission- 
line  construction. 

Under  Board  of  Trade  requirements  the  cost  of  supports 
for  spans  of  150  ft.  is  shown  to  exceed  the  cost  of  supports 
for  the  economical  span  lengths  by  as  much  as  Xioo  per 
mile. 

Similarly  for  the  economical  span  lengths  the  cost  of 
supports  under  Board  of  Trade  requirements  is  shown 
to  exceed  the  cost  of  supports  under  Canadian  and  U.S.A. 
requirements  by  as  much  as  £icx>  per  mile. 

Consequently,  and  as  is  also  shown,  the  cost  of  supports 
for  spans  of  150  ft.  under  Board  of  Trade  requirements 
exceeds   the   cost   of   supports   for   the   economical   span 
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lengths  under  U.S.A.  requirements  by  much  as  ;£^2oo  per 
mile. 

This  is  on  the  cost  of  supports  delivered,  but  the  cost  of 
erection  will  be  partly  proportional  to  the  number  of  poles 
and  consequently  to  the  span  lengths,  so  that  the  above- 
mentioned  differences  in  cost  when  taken  on  such  trans- 
mission lines  completely  erected  will  be  'greater. 

Factors  of  safiiy. — -From  the  foregoing  curves  it  will  be 
seen  that  it  is  e.Kpcnsive  to  obtain  the  factors  of  safety 
adopted  in  this  countr)',  especially  on  large  conductors. 
Reverting  to  the  schedule  of  assumed  loads,  it  was  shown 
that  with  the  assumed  conditions  under  which  we  get 
a  factor  of  safety  of  5,  the  United  States  get  a  factor  of 
safety  of  3"32.  Consequently,  under  the  ice  conditions 
under  which  they  get  a  factor  of  safety  of  2,  we  should  get 
a  factor  of  safety  of  3*06.  This  is,  of  course,  on  a  o'5  in. 
diam.  conductor,  but  a  further  similar  calculation  shows 
that  on  a  02  in.  diam.  conductor  we  only  get  a  factor  of 
safety  of  26. 

Conditions  not  unlike  tliis  occur  in  this  country,*  and 
presumably  tlie  Board  of  Trade  are  satisfied  with  this 
factor  of  safety.  That  being  so,  it  is  difficult  to  see  why 
what  amounts  to  a  higher  factor  of  safety  should  be  re- 
quired for  larger  conductors.  The  factor  of  safety  is  of 
course  most  needed  when  the  severest  conditions  occur, 
even  if  this  only  happens  once  a  year  or  less  often,  and  it 
would  seem  that,  if  any  change  were  made,  we  could  do 
with  a  higher  factor  of  safety  than  that  required  by  the 
Board  of  Trade  Regulations  for  the  smaller  conductors, 
and  a  lower  one  for  the  larger.  This  is  another  way  of 
saying  that  if  we  assumed  the  worst  conditions,  such  as  an 
ice  load,  a  lower  factor  of  safety  could  be  used  all  round, 
whicli  would  give  a  higher  margin  of  safety  on  small  wires 
and  an  equal  one  on  large.  Tiiis  would  also  tend  to  reduce 
the  disproportion  in  the  cost  of  transmission  lines  embody- 
ing conductors  of  average  size  or  larger  in  this  country 
comp.ved  with  those  elsewhere. 

Earth  .\xd  Lightning  Wires. 

The  use  of  a  wire  or  wires  to  maintain  a  uniform  earth 
potential  throughout  the  line  is  desirable.  This  wire  is 
also  employed  for  sundry  other  purposes,  such  as  : — 

(i)  A  catenary  wire  to  carry  an  insulated  pilot  or  tele- 
phone cable. 

(2)  A  component  of  a  protecting  device  against  falling 
conductors,  as  in  the  case  of  the  triangular  guards. 

(31  A  mechanical  stay  to  help  to  support  certain  types  of 
flexible  poles. 

(4)  A  lightning  shield. 

All  these  uses  are  of  more  or  less  importance,  but  perhaps 
the  most  important  and  interesting  function,  particularly 
with  long  transmission  lines  in  exposed  positions,  is  that  of 
shielding  or  screening  the  power  wires  from  lightning  and 
atmospheric  disturbances.  Atmospheric  disturbances  may 
manifest  themselves  in  the  transmission  line  either  as  a 
direct  lightning  stroke  or  as  an  induced  charge,  in  either 
case  setting  up  a  surge  in  the  wires.  Earth  wires  will 
never  completely  protect  the  line,  and  consequently  the 
insulators  may  still  be  called  upon  to  withstand  surges  due 

*  C.  Vern'IER  :  Discussion  on  "British  Practice  in  the  Construction 
of  High-tension  Overhe.id  Transmission  Lines."  Journal  I.E.E.,  iqi4, 
vol.  $2,  p.  221. 


to  lightning ;  nevertheless,  they  provide  a  considerable 
amount  of  protection,  as  is  substantiated  by  reports  on  the 
results  obtained  from  their  adoption  in  practice. 

On  transmission  lines  with  the  design  of  which  the  author 
has  been  concerned,  earth  wires  have  usually  been  adopted 
as  lightning  shields.,  and  in  common  with  most  transmission 
lines  they  have  always  been  of  galvanized  steel.  The  use 
of  steel  for  these  wires,  particularly  when  placed  above  the 
conductors,  has  been  deprecated  •■  on  tlie  theory  tliat  owing 
to  the  shorter  life  of  steel  compared  with,  sav,  copper,  such 
wires  may  break  and  by  fouling  the  conductors  interfere 
witii  the  supply. 

Having  regard  to  the  importance  attached  (and  rightly 
so)  to  the  flexible  fixing  of  conductors  so  that  they  shall 
not  break  by  crystallization,  it  is  curious  that  a  flexible 
support  is  never  applied  to  earth  wires  ;  consequently  the 
shorter  life  of  steel  earth  wires  may  be  made  still  shorter  by 
crystallization. 

Steel  is  much  cheaper  than  copper  or  bronze,  and  before 
abandoning  it  in  favour  of  more  expensive  metals  its  life 
might  at  least  be  made  a  maximum  by  lixing  the  wire  with 
the  same  regard  to  crystallization  as  in  the  case  of  any  other 
wire.     A  flexible  clamp  for  this  purpose  is  described  later. 

Loads  at  Terminals,  Angles,  and  Intermediate 
Positions. 

Terminal  poles. — The  poles  upon  which  a  transmission 
line  terminates  must  deal  with  the  maximum  load  due  to 
the  tension  in  the  wires  under  the  severest  conditions  of 
minimum  temperature,  maximum  wind,  and/or  ice  on  the 
wires.  Such  load  is,  however,  in  the  longitudinal  direction, 
and  the  maximum  load  in  the  transverse  direction  is  only 
that  due  to  the  wind  on  the  wires  under  the  worst  con- 
ditions, which  is  generally  very  much  less  than  in  the 
longitudinal  direction. 

With  wood  poles  the  terminal  pole  is  often  designed  for 
the  transverse  load  and  stayed  in  the  longitudinal  direction, 
this  method  dealing  exactly  with  the  stresses.  Lattice- 
steel  poles  used  as  terminal  poles  are  generally  designed 
to  carry  the  maximum  load  in  tlie  longitudinal  direction 
without  staj'ing,  and  are  almost  invariably  made  of  equal 
strength  in  both  line  and  transverse  directions — in  other 
words  tliere  is  a  waste  of  strength  in  the  transverse 
direction. 

Angle  poles. — A  transmission  line  general!)' deviates  from 
the  straight  at  various  points,  thus  necessitating  poles  to 
deal  with  these  angles.  The  load  on  these  angle  poles 
will  of  course  be  the  resultant  of  the  maximum  longitudinal 
loads  due  to  the  tension  of  the  wires.  There  is,  however, 
a  point  here  which  is  not  generally  taken  into  considera- 
tion. The  maximum  tension  can  only  come  on  the  wires 
when  the  maximum  wind  is  in  a  direction  normal  to  the 
wires.  The  wind  cannot  be  blowing  in  a  direction  normal 
to  the  wires  in  both  the  spans  adjacent  to  the  angle  at  the 
same  time.  Hence  when  calculating  the  resultant  angle 
load  it  would  appear  that  the  longitudinal  stress  in  the  two 
adjacent  spans  should  be  taken,  not  as  the  maximum  stress 
that  can  occur  in  each  adjacent  span  individually,  but  as 
the  maximum  stress  that  can  occur  in  e;.ch  adjacent  span 
simultaneously. 

Intermediate  poles. — At  all  points  of  the  line  other  than 
terminals  and  angles,  the  stresses  in  the  longitudinal  direc- 
•  B.  Welbourx  :  Joitrnal  I.E.E.,  1914,  vol.  52,  p.  188. 
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•d  or  vcr>-  nearly  so,  cxecptinf;  when  a  wire 

i  fic-n!;  \v;t!i  below.    It  is  therefore  unneccs- 

c  of  dealing  witli  the  maximum 

; ,  ^'  the  use  of  a  third  class  of  f>olc, 

generally  known  as  intermediate  poles,  capable  of  dealing 
with  the  transverse  load  due  to  wind  on  the  wires.  There 
is,  however,  a  considerable  divergence  in  practice  as  to 
!'  :'.h  of  such  fKjlcs  in  the  longitudinal  direction. 

^  -.  such    as  those   made   of    a   pair   of    braced 

I  ive  practically  no  strength  in  the  line  direction, 

u  "Ki  A-poles  have  a  strength  in  the  line  direction 

ol  .ilK)ut  one-third  that  of  the  transverse  direction,  and 
?omc  poles  used  abro.id  have  equal  strength  in  both 
directions. 

The  question  is  therefore  what  is  the  correct  strength 
in  the  longitudinal  direction  for  an  intermediate  pole.  As 
the  longitudinal  stresses  are  balanced,  thcoreticallv  there 
is  no  necessity  for  any  strength.  On  the  other  hand,  how- 
ever, the  f>oles  have  to  be  erected  and  conductors  may 
hrcaW,  so  that  in  practice  the  poles  require  some  strength. 
It  IS,  however,  generally  considered  that  the  breakage 
of  one  wire  out  of  three,  or  two  out  of  six,  is  the  worst 
case  that  need  be  considered. 

If  pin  insulators  arc  used,  the  means  of  att.ichmcnt 
to  the  insulators  will  generally  permit  of  the  conductors 
slipping  (as  shown  later) ;  and  if  suspension  insula- 
tors are  used,  then  the  insulator  string  can  swing  out 
into  the  span,  so  that  in  the  event  of  a  break  in  cither 
case  the  full  tension  in  the  conductor  will  not  be  trans- 
mitted to  the  support.  Morever,  almost  any  pole  will 
deflect  to  some  extent,  which  will  further  reduce  the 
stress.  In  fact,  the  remaining  load  would  not  be  much  more 
than,  say,  equal  to  the  transverse  lo.id  in  the  conductor. 

If  provision  be  made  for  the  breaking  of  one  wire  out 
of  three,  this  would  indicate  that  the  intermediate  poles 
should  have  a  strength  in  the  longitudinal  direction  of  one- 
third  that  in  the  transverse  direction.  Thus  in  the  remote 
event  of  .-ill  wires  breaking,  the  load  would  still  be  within 
I'  'h  of  the  poles  by  virtue  of  their  factor  of  safety 

.ibihty  to  deflect.  This  is  about  the  strength 
ui  the  wcxxlcn  A-pole  upon  which  excellent  results  have 
been  obtained,  and  in  the  author's  opinion  it  provides  a 
good  basis  of  design  for  all  intermediate  poles. 

Choice  op  Type  of  Insuuitor  havini;  regard  to 

Mechan'Icai.  Loads  and  Voltackj;. 

Pin   in«ulalor«   necessarily   transmit    their   load    to   the 

or  less  long   Icver.age.     The   proper 

i  "tors  is  therefore  to  support  conductors 

■■^   where  comparatively  small   loads  arc  to  be 

''  :.,  e.g.  on  intermediate  poles  where  the  load  is 

merely  that  due  to  the  wind  on   the  conductors.     They 

may,  howo-cr,  also  be  uicd  on  small  angles,  the  resultant 

IomI  of  which  is  of  the  »amc  order  as  the  transverse  load. 

^'-  '  '    ■Tc  to  be  dc.ilt   will),  such  as  at  the 

■  line  and    at    l:ir(je    angles,   insulators 

^'  1  leverage,  such  as 

.    whilst     sound     mechanically,    j 
'  ^c,   even    at    coniparativclv    low 

voltaKe«,  owing  to  the  fact  that  the  upper  and  lower 
halvct  of  it»  inMilation  aic  in  parallel  >o  that  it  is  only 
equal  to  a  pin  intuUtor  of  one-half   it»  tire  (see  Fig.  7, 


which  shows  pin  and  shackle  insulators  having  comparable 
insulation).  This  is  often  lost  sight  of,  with  the  conse- 
quence that  the  straining  points  of  some  lines  have  only 
about  one-half  the  insulation  of  the  remainder  of  such 
lines. 


Fio.  7." 


'  A  pin  and  a  sh.\cklc  insulator  of  equal 
insulation. 


Comparable  insulation  can,  however,  be  rc.-idily  obtained 
by  the  use  of  strain  insulators  of  the  disc  type  (sec  Fig.  8), 
which  can  be  made  up  of  one,  two,  or  more  discs  as 
required  ;  and  this  pr.-ictice  is  rapidly  superseding  the  use 
of  shackles. 


^n9X 


Fig.  8. — Strain  insulator  of  disc  type. 

It  is  possible  to  design  and  manufacture  pin  insulators 
of  suflicicnt  size  to  give  the  tests  usually  required  for  a 
working  pressure  of  80,000  volts,  but  vcrj-  little  higher. 
Compared    with    suspension     insulators,    however,    such 


insulators  arc  much  weaker,  both  electrically  and  mechani- 
cally, and  cost  far  more.  This  is  shown  in  Fig.  9.  which 
indicates  that  66,000  volts  is  tlic  economical  limit  for  pin 
insulators. 


TWISS  :    HIGH-TENSION    OVERHEAD   TRANSMISSION    LINES. 


421 


Suspension-type  insulators  mounted  one  above  the  other 
rigidh',  thereby  simulating  the  effect  of  a  pin  insulator, 
have  sometimes  been  used  for  pressures  above  60,000  volts. 
Such  insulators,  however,  must  necessarily  put  enormous 
bending  moments  in  the  cross-arms  and  it  is  difficult  to 
see  how  this  practice  can  be  justified.  This  class  of 
insulator  has  its  proper  use  as  a  support  for  busbars, 
switches,  etc.,  on  the  high-tension  side  of  the  generating 
station  and  substation. 

Special   Arrangements  for   Merz-Hunter 
Split-ph.\se  System. 
The  two  conductors  of  each  split  phase  are  sometimes 
supported  on  separate  insulators  as  if  they  belonged  to 


Fig.  10. — Spreader. 

separate  circuits,  but  more  often  they  are  supported  on 
the  same  insulator  specially  made  with  two  side  grooves. 
This  necessitates  insulators  having  specially  deep  heads, 
and  whilst  this  is  permissible  with  the  smaller  sizes,  it  is 
questionable  with  large  sizes  for  the  reason  of  expansion 
and  contraction  stresses  referred  to  later. 
When  suspension  insulators  are  used,  the  split  conductors 


depending  upon  the  size  of,  and  tension  of  stringing  the 
conductors.  The  form  of  spreader  now  largely  adopted 
consists  of  a  porcelain  ring  with  two  grooves  in  the 
periphery  for  the  conductors,  which  are  fastened  thereto 
by  means  of  small  "stirrup  "  clips  of  copper  (sec  Fig.  10). 
In  view  of  the  vibration  the  bolts  and  nuts  are  locked  by 
a  soft  copper  locking  device  which  is  pressed  over  the 
head  of  the  bolt. 

It  is  necessary  that  the  two  conductors  making  one  split 
conductor  should  be  strung  with  as  nearly  the  same  sag 
as  possible,  otherwise  the  result  is  unsightly,  and  the  split 
conductors  may  "  capsize,"  causing  touching.  It  has  been 
found  difficult  to  obtain  this  exact  adjustment  of  sag  by 
ordinary  means,  and  on  some  recent  lines  the  strain 
insulators  have  therefore  been  provided  with  an  adjusting 
device,  as  shown  in  Fig.  11. 

3.  Particular  Design-  of  Traxsmissiox-lixe  Material. 
Poles. 

Wooden  poles. — The  subject  of  wooden  poles  has  been 
amply  considered  in  papers  read  before  the  Institution 
and  it  requires  little  reference  here. 

It  seems  to  be  the  general  idea  that  wooden  poles  are  not 
efficient  for  spans  of  more  than  200  ft.  or  so,  but  the  curves 
previously  mentioned  show  that  in  some  cases  they  can  be 
used  at  their  greatest  efficiency  for  much  longer  spans. 

Moreover,  it  has  been  considered  that  on  pressure  in 
the  neighbourhood  of  100  kilovolts,  the  length  of  the  cross- 
arm  necessary  prevents  the  use  of  wooden  poles.  It  is 
therefore  of  interest  to  note  that  one  recent  loo-kilovolt 
transmission  line  (the  Montana  Power  Co.,  U.S.A.)  is 
erected  on  wooden  poles,  the  pole  structure  consisting 
of  two  45 -ft.  wooden  poles  connected  together  by  a  single 
horizontal  cross-arm  from  which  the  suspension  insulators 
depend. 


i  j      I  i 
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Fig.  II.-  Strain  insulator  with  adjusting  device. 


■^-^ 


are  attached  to  reel  insulators  attached  to  the  lowest  unit. 
It  is  important  to  short-circuit  the  insulation  of  one  of  the 
reels  or  to  make  it  of  a  conducting  material,  otherwise  the 
effect  is  that  of  a  small  capacity  in  series  with  the  larger 
capacity  of  the  disc,  and  the  reel  may  be  in  a  state  of 
continuous  flash-over  even  at  working  voltage. 

When  the  two  conductors  making  one  split  conductor 
are  mounted  on  one  insulator  it  is  necessarj'  to  provide 
insulating  distance  pieces,  known  as  spreaders,  in  the  span. 
The  usual  spacing  of   these   is   from  about  30  to  40  ft.. 


Tubular  poles. — Poles  made  of  single  metal  tubes  are 
emploj'ed  for  telegraph  and  telephone  lines  and  small 
electrical  lines  of  the  nature  of  overhead-distribution  lines, 
but  they  are  not  as  a  rule  economical  at  loads  approaching 
those  which  come  upon  an  important  transmission  line. 
Built-up  structures  using  tubes  for  the  main  members 
have  therefore  been  designed,  but  this  class  of  structure 
does  not  appear  to  have  been  adopted  to  the  same  extent 
as  wood  or  lattice  steel. 

There  is,  however,  a  special  type  of  tubular  pole,  namely. 
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the  Kay  pole  (Fig.  li).  which  is  a  British  invention  and 
niay  be  of  interest,  particularly  as  it  is  capable  of  bcinjj 
applied  to  transmission  lines  of  the  highest  voltage.  The 
facilities  offered  by  this  class  of  structure,  particularly  in 
rcf!ard  to  case  of  transportation  and  erection,  merit  careful 
.  .      i.illv  when  a  pole  line  has  to  be  erected 

ij  jjround  or  mountainous  country. 
Ltiitue  si'ii.'--,.i>j* /•'/«  (usually  called   masts). —  Most  of 
these  structures  fall  within  one  or  other  of   two  classes, 
namclv,  narrow  base  structures  and  bro.id  base  structures. 


Kio.  \j. — Kay  pule. 

S'arroxt  hau. —  In  this  class  of  structure  the  loa<I  is  trans- 
mitted to  the  foundations  by  the  lift  on  the  one  side  and 
the  tliru»f  on  the  other  side  of  the  base,  forminf;  relatively 
■  tied  T  (see  l""ifj.  13).     This  class  of 
,:iicd  to  transmit   its  load  down  to 
numbers  and  tlience  to  the  ground, 
slight    movement    and    considerable 
:    force  at  the  groundliiK-,  point   A,  and  if  this 
■vcment  \->c   resisted    by   placing,   s.iy,   rocks   or 
baulks  of  timber  at  lhi»  point,  very  considerable  rlrcsscs 

"       '-  ' '    in   the   bracings    li  far  lieyond  those 

••rwinc  have  to  carry.  The  author  has 
«<rii  If  ;  nil  ni4»ls  of  ''  "  u'n  wlicre  the  mast  has 
failed  at  a  very  much   :  :  tlian  its  designed   load 


owing  to  tins  slight  movement  of  the  ground-line  being 
resisted,  causing  failure  of  the  bracings  in  the  earth  bav. 

It  is  quite  possible  that  something  may  inadvertently 
resist  the  movement  at  the  ground-line  or  be  deliberately 
placed  there  with  the  erroneous  idea  of  strengthening  the 
foundations  ;  it  would  therefore  seem  to  be  sound  pr.ictice 
to  design  the  base  members  as  for  the  assumed  condition 
of  the  structure  acting  about  the  point  .A,  which  of  course 
would  require  the  introduction  of  a  suitable  strut  at  the 
ground-line  C  This  design  of  structure  generallv  requires 
heavy  corner  members  and  very  lit;ht  bracings  ;  in  fact 
the  load  in  the  bracings  is  generally  so  small,  and  the 
bracings  so  short,  that  the  smallest  section  permissible  to 
hold  the  bolts  and  resist  the  weather  is  often  much  l.irger 
than  necessary  to  deal  with  the  loads.  The  design  is 
therefore  not  as  a  rule  very  cfl'icicnt  and  it  is  only  justified 
where  conditions  of  space  prevent  a  brcider  base. 

Broad  base. — With  this  design  of  structure,  owing  to  the 
wide  spre.id,  there  is  usually  little  horizoiit.al  reaction  at 
the  ground-line,  and  the  base  members,  i.e.  stub  ends,  have 
merely  to  take  thrust  and  pull  (see  Fig.  13).  This  type 
lends  itself   to   elTicient   design,   but   owing   to   the   long 


-solb. 


Fig.  i.v 

lengths  of  bracings,  etc.,  it  is  desirable  that  the  ratio  of 
the  length  to  the  radius  of  gyration  for  struts  should 
be  limited  to  a  reasonable  figure  (s.ay,  100  or  so)  other- 
wise a  design  which  shows  its  full  theoretical  factor  of 
safety  m.ay  fail  at  a  lower  (igure  owing  to  the  weakening 
of  long  struts  bv  slight  bends  incurred  in  transit,  or  even 
due  to  sagging  under  their  own  weight. 

Tcnsicn  membcn  ami  ilnih.—  U  is  usual  pr.ictice  with 
steel  construction,  including  bridges,  etc.,  to  calculate 
factors  of  safely  on  struts  on  their  crippling  load,  and  on 
tension  members  on  the  ultimate  strength  of  the  steel,  and 
such  a  mast  would  be  considered  to  be  correctly  designed. 
There  is,  however,  an  important  point  here  which  afTects 
tlie  actual  slicngtii  of  a  theoretically  calculated  structure. 
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With  a  strut  under  an  increasing  compression  load,  there 
is  little  change  until  it  cripples,  which  it  does  quite 
sudden!}-,  and  it  will  develop  its  full  theoretical  factor  of 
safety  before  crippling. 

With  a  tension  member  under  an  increasing  tension 
load,  however,  as  soon  as  the  elastic  limit  is  reached  it 
begins  to  stretch  and  the  point  of  the  structure  which 
sucli  tension  member  should  hold  is  no  longer  held  in  the 
manner  intended.  Hence  an  entire  redistribution  of  the 
stresses  takes  place  throughout  the  structure,  which 
consequently  fails  at  a  lower  load  than  that  calculated. 

It  would  therefore  appear  that  when  designing  struc- 
tures such  as  lattice  steel-work  masts,  as  the  factor  of 
safety  for  struts  is  taken  upon  the  crippling  load,  tlie 
factor  of  safet}-  for  tension  members  should  be  taken 
upon  the  elastic  limit  and  not  upon  the  ultimate 
strength. 

Testing. — The  usual  practice  is  to  test  lattice  steel-work 
poles  by  applying  a  pull  at  the  top  representing  the  load 
in  the  wires  -f-  the  wind  load  on  tlie  pole  itself  equated  to 
the  top.  One  point,  however,  in  regard  to  this  practice 
of  applying  a  load  at  the  top  to  represent  wind  load,  is 
that  the  wind  load  is  naturally  distributed  over  the  struc- 
ture, and  the  design  of  a  mast  to  be  correct  must  therefore 
deal  with  this  wind  load  as  its  occurs. 

Fig.  13  shows  a  mast  with  a  wind  pressure  of  10  lb.  per 
sq.  ft.  equalh'  distributed  over  it.  The  wind  load  on  the 
lower  bays  will  obviously  be  greater  than  that  on  the 
upper.  If  we  equate  the  wind  load  by  taking  moments 
round  the  base  of  the  mast,  we  find  that  it  equals  a  load 
of  740  lb.  applied  at  the  top.  If,  however,  bending 
moments  are  taken  round  the  point  X,  it  is  found  that 
the  designed  bending  moment  at  this  point  =  7,000  ft.  lb., 
whereas  the  equated  load  of  740  lb.  gives  a  moment  at 
this  point  of  22,000  ft.  lb.,  or  over  three  times  more  than 
the  structure  at  this  point  is  designed  for.  Hence  the 
mast  similar  to  that  shown  in  Fig.  13,  tested  with  an 
equated  wind  load,  failed  at  25  per  cent  less  than  its 
designed  load,  and,  as  the  lantern  slide  shows,  failed  in 
one  of  the  higher  bays  (near  the  point  X  in  Fig.  13),  owing 
to  such  baj's  carrying  not  only  their  own  load  but  the 
equated  increment  of  the  large  bays  below.  To  equate 
the  wind  load  in  this  way  for  the  purpose  of  test  would 
therefore  seem  to  be  unfair  to  the  structure. 


LiXE    IXSUL.iTORS. 

A  line  insulator  from  the  electrical  point  of  view  must 
be  regarded  as  a  more  or  less  complicated  electrostatic 
condenser  with  dielectric  plates  of  porcelain  (a  material  of 
high  specific  inductive  capacity)  and  air  (of  low  specific 
inductive  capacity),  the  condenser  plates  being  the  con- 
ductor and  its  fastening,  tiie  pin  or  other  attachment, 
and  perhaps  the  layers  of  cement.  All  laws  relating 
to  condensers  must  be  reasonably  observed  under  what 
amounts  to  changing  size  and  shape  of  the  condenser 
plates  due  to  rain,  dirt,  etc.,  and  under  frequencies  ranging 
from  normal  to  possible  surge  frequencies.  At  the  same 
time  the  insulator  must  sustain  more  or  less  heavy 
mechanical  stresses  caused  by  outside  loads  and  by 
inside  stresses  due  to  exp.insion  and  contraction  under 
heat  and  cold  of  the  different  materials  individually  and 
relativel}'. 


Electrical  Design. 

Up  to  comparatively  recent  times  it  was  the  practice 
to  design  insulators  merely  to  give  certain  flash-over  tests 
dry  and  wet,  and  with  suflicient  thickness  to  ensure  that 
under  test  flash-over  should  occur  before  puncture.  Con- 
siderable importance  has  also  been  attached  to  the 
leakage  distance  over  the  surface.  It  is  obvious,  how- 
ever, that  such  figures  are  of  little  value  as  the  surface 
resistance  given  bj-  such  leakage  distance  will  vary  with 
the  width  of  the  leakage  path,  which,  of  course,  varies 
considerabl}'  with  different  sizes  and  shapes  of  insulators. 
Insulators  have  also  been  speciall}'  designed  with  extra 
long  leakage  paths  to  work  in  situations  exposed  to 
deposits  of  dust,  salt,  etc. 

Such  designs  maj'  be  justified  in  the  circumstances,  but 
it  would  seem  better  to  obtain  the  additional  surface 
leakage  distance  required  bj-  using  a  correctly  designed 
insulator  of  larger  size  than  by  altering  a  correct  design 
to  make  it  give  a  greater  surface-leakage  distance  for  the 
same  size. 

Ability  to  withstand  a  flash-over  test  without  puncture  is 
not  necessarily  a  criterion  of  good  design  in  an  insulator, 
as  an  insulator  of  indifferent  design  may  still  give  such 
tests.  An  indifferently  designed  insulator  ma}'  have  badly 
balanced  shells  and  airspaces,  causing  some  portions  to  be 
unduly  stressed  electrically.  Under  increasing  test  pressure 
the  air  contiguous  to  such  over-stressed  portions  breaks 
down,  i.e.  becomes  ionized  and  glows.  Such  ionized  air  being 
a  conductor  tends  to  increase  the  capacity  of  such  portions 
and  decreases  the  over-stressing,  so  that  when  the  insulator 
is  at  its  flashing-over  point,  it  may  be  quite  vt-ell  balanced, 
not  by  its  design  but  by  the  corrective  balancing  action 
of  the  ionized  air.  Air,  however,  takes  a  definite  (though 
minute)  period  to  ionize  and  a  steep  wave-front  condition 
may  not  give  time  for  the  corrective  balancing  action  of 
the  ionized  air  ;  thus  the  over-stressed  part  may  break  down 
and  result  in  the  puncture  of  the  entire  insulator.  It 
would  seem,  therefore,  that  an  insulator  should  be  designed 
for  surges  with  steep  wave  front  rather  than  for  normal 
conditions.  It  is  therefore  desirable  briefly  to  review  the 
possible  surges  with  a  view  to  their  eft"ect  upon  the 
insulator  and  its  design. 

Surges. — As  previously  stated,  eartli-wires  cannot  be 
considered  to  be  an  infallible  protection,  and  an  insulator 
may  still  conceivably  receive  a  direct  stroke  and  may 
occasionally  receive  the  impacts  of  surges  induced  by 
lightning.  Lightaijig  may  directly  strike  an  insulator  and 
shatter  it  as  by  a  mechanical  blow  *  with  or  without 
electrical  eft'ects  such  as  puncture  or  flash-over.  Suspen- 
sion insulators  are,  however,  largely  protected  by  the 
cross-arms,  and  pin  insulators  are  generally  somewhat 
protected  by  the  poles  or  earthed  metal-work  projecting 
above  them,  so  that  an  actual  stroke  on  an  insulator  is  for- 
tunately not  very  frequent,  and  there  is  therefore  no  very 
great  necessity  to  attempt  to  make  actual  provision  against 
a  stroke,  which  provision  in  any  case  seems  impossible. 

A  lightning  stroke  though  appearing  to  the  eye  to  be 
one  discharge,  may  be  several  separate  discharges,  each 
inducing  in  the  wires  a  potential  which  may  rise  to  almost 
any  extent — only  limited  by  the  pressure  necessary  to  arc 

*  L.  C.  Nicholson  :  "  A  practical  metliod  of  protecting  insulators 
from  lightning  and  power  arc  effects."  Trtjitsnctious  of  the  Anietican 
Institute  of  Electrical  Eiigiiieets,  igio.  vol.  29,  p.  573 
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from  the  line  to  coilli — and  the  rate  of  rise  may  be  of 
almost  any  magnitude,  as,  for  instance,  equal  to  that  of  a 
J  cycle  of  a  frequency  of  a  million  per  second.  This  will 
be  manifested  as  a  rapidly  travelling  wave  with  very  steep 
front,  which  may  be  damped  and  dissipated  in  a  com- 
p.aratively  small  distance  by  the  resistance  of  the  line, 
augmented  skin  effect  and  corona,  or  it  may  reach  the  end 
of  the  line  and  be  rcllectcd  back  and  set  up  oscillations  of 
a  frequency  depending  upon  the  capacity  and  induction  of 
the  line. 

Switching  and  arcing  surges  may  rise  to  a  potential  of 
twice  the  line  voltage  and  will  set  up  oscillations  with  a 
frequency  depending  upon  the  constants  of  tlic  line,  or,  say, 
i,ooo  to  5,000  periods  per  second,  which  indicates  the 
steepness  of  the  front ;  but  whereas  the  switching  surge 
may  only  continue  long  enough  to  permit  of  two  or  three 
wave-trains,  the  arcing  surge  may  continue  for  much 
longer,  depending  upon  how  quickly  the  .arc  is  suppressed. 

One  must  therefore  endeavour  to  design  insulators 
having  regard  to  these  lightning  surges  with  their  steep 
front  and  high-frequency  oscillations  which  may  follow 
the  lightning  surge  and  which  will  be  set  up  by  switching 
and  arcing.  As  already  shown,  poorly  designed  or  badly 
balanced  insulators  may  behave  well  under  normal  fre- 
quency owing  to  the  automatic  balancing  action  of  the 
corona.  Such  an  insulator  under  a  steep  wave-front  con- 
dition, however,  might  puncture  at  a  voltage  even  lower 
than  its  flash-over  voltage  under  normal  frequency.  Hence 
the  first  requirement  is  to  balance  the  parts  of  the  insulator 
so  that  under  steep  wave-front  conditions  it  docs  not 
depend  upon  corona  to  relieve  the  over-stressing.  To 
obtain  correct  balancing  the  following  considerations 
must  be  taken  into  account : — 

The  mutual  capacity  of  the  parts. 

The  concentration  of  flux  upon  a  relatively  small 
electrode,  as,  for  instance,  the  pin.  (This  tends  to 
increase  the  potential  gradient  on  the  shells  near  such 
small  electrode.) 

The  capacity  of  parts  to  earth.  (This  increases  the 
capacity  current  and  hence  the  potential  gradient  on 
the  shells  nearest  to  the  line.) 

In  addition  to  being  balanced,  the  insulator  should  be 
proportioned  to  withstand  the  surges  and  oscillations  of 
limited  potential  and  frequency  as  set  up  by  switching  and 
arcing  with  an  adequate  m.irgin  against  (lash-over  or  punc- 
ture, and  also  so  tlial  when  the  almost  unlimited  rises  of 
lightning  surges  occur,  the  insulator  will  be  protected 
therefrom.  This  protection  m.iy  be  obtained  by  making 
use  of  the  low  dielectric  strength  of  the  air  surrounding 
the  insulator  as  a  protecting  gap  or  safely  valve  through 
which  it  may  arc  to  earth  and  thus  relieve  the  stress 
Ijcforc  damage  can  occur  to  the  porcelain. 

The  thicknc^s  of  porcelain  must  be  determined  with 
rcgiird  lo  the  air  gap,  or  vice  versa,  and  the  shaping  and 
dl^po<^lllon  tif  parts  should  be  such  that,  when  the  air  gap 
'■  will  l>c  thrown  out  from  the  shells  so 

•'  '     'h"-'  '')'  "'c  heat  of  the  arc.     In  propor- 

tioning the  air  gap  and  the  thickness  of  porcelain,  that 
which  might  be  termed  the  "lime  lag"  of  the  air  gap 
under  %tccp  impulnct  must  Imj  taken  into  consideration. 

^•'  f-  W.  Peck.  Jnr.'*  Invest igationi  on  this  subject* 
'  t.  \V.  faiK.  Jnr. ;  "  Dlclntric  Plicnnmcna." 


have  shown  that  under  impulses  of  steep  wave  front  the 
voltage  required  to  break  down  air  between  spheres  does 
not  materially  alter,  but  between  needle  points  the  air 
requires  a  higher  voltage  to  break  it  down.  The  electrodes 
on  a  line  insulator  are  certainly  not  of  the  character  of 
spheres,  and  though  they  arc  not  as  sharp  as  needles,  yet 
there  will  be  an  appreciable  time  lag. 

To  introduce  spheres  into  the  insulator  design  Is  feasible, 
but  it  is  more  pr.iclical  to  provide  for  the  time  lag  by  con- 
sidering it  as  the  extra  voltage  required  to  break  down  a 
given  air  gap,  and  lo  adjust  the  air  gap  and  thickness  of 
porcelain  accordingly.  In  common  with  most  insulation, 
the  porcelain  itself  will  withstand  a  greater  voltage  under 
a  single  impulse,  but  under  a  series  of  wave  trains  porcelain 
may  break  down  by  the  cumulative  effect  of  the  continua- 
tion of  the  impulses.  Hence,  a  lightning  surge  of  very 
high  potential  is  not  necessarily  llic  most  severe  condition, 
as  it  m.iy  only  cause  a  single  impact,  whereas  a  surge  of 
lesser  potential  setting  up  oscillations  may  do  llie  most 
damage. 

In  regard  to  this  cumulative  dam.ige,  an  impulse  above  a 
certain  v.alue  would  appear  lo  break  down  the  porcelain 
over  a  minute  distance  without  breaking  down  the  whole, 
just  as  the  phenomena  of  corona  breaks  down  a  small 
amount  of  air  without  sparking  across.  With  air,  however, 
when  the  stress  is  removed,  good  air  closes  in  on  Ihe  fault, 
whereas  with  porcelain  the  fault  remains  and  reduces  the 
distance,  thus  increasing  the  gr.idient  for  the  next  impulse, 
which  therefore  extends  the  fault,  and  so  on  until  complete 
rupture  occurs.  This  is  irrespective  of  the  formation  of 
heat  by  dielectric  loss,  but  in  indifferent  materials  contain- 
ing occluded  air  and  moisture  the  Joiilean  losses  will  add 
themselves  lo  the  dielectric  loss,  the  combined  effect  of 
which  will  he  considerable  at  high  frequency.  The  latter 
consideration  points  lo  the  necessity  for  the  soundest 
possible  porcelain. 

All  well-designed  insulators  will  be  recognized  under 
lest  by  the  small  amount  of  corona  formation  prior  to 
flash-over. 

Electrical  desigti  of  pin-type  insulators. — Pin-type  insula- 
tors were  first  designed  many  years  ago  without  great 
regard  lo  the  balance  of  dielectrics  and  their  ability  lo 
withstand  surges.  These  designs  are  generally  tall,  small 
headed,  and  elegant  looking.  If,  however,  these  require- 
ments arc  regarded,  the  resulting  design  becomes  more 
squat  and  wide  to  obl.ain  the  protecting  air  p.ath  and  free 
arcing  characteristic,  whilst  maintaining  electrostatic 
balance,  and  thicker  in  the  head  lo  obtain  the  puncture 
strength  and  reduce  the  (lux.  ConsC(|uciilly,  such  rlesign 
is  not  so  elegant,  but,  which  is  more  important  In  engineer- 
ing, is  more  efficient.  It  is,  however,  rem.irkable  what  good 
service  the  former  designs  have  given,  which  is  doubtless 
accounted  for  by  the  fact  that  such  designs  have  been  used 
on  the  lower  pressures  up  lo  30  kilovolts  or  so,  for  which 
vollages  the  electrical  factors  of  safely  are  much  higher. 
Insulators  for  the  higher  voltages,  however,  necessitate 
more  accurate  Irealnienl. 

Granted,  therefore,  that  it  is  necessary  to  make  adequate 
provision  for  correct  balance  and  high  frequency  in  insula- 
tors for  the  highest  voltages,  it  is  desirable  for  logical 
reasons,  even  though  not  so  necessary,  lo  apply  llie  .simc 
principles  to  the  designs  for  the  lower  voltages,  even 
though  they  lose  in  appearance  thereby.      Fig.  14  shows 
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a  comparison  of  the  earlier  design  of  insulator  with  an 
insulator  primarily  designed  for  balance  and  ability  to 
withstand  high  frequency,  and  the  comparative  behaviour 
of  these  insulators  under  test  is  characteristic. 

Elccliical  design  of  suspension  insulators. — Suspension 
insulators  are  usually  of  one  or  other  of  two  types,  viz.  the 
Hewlett  or  interlinked  type,  and  the  metal  hooded  or 
cemented  type. 


Comparison  of  insulators. 


•'  Hmhlt  type. — From  the  electrical  standpoint  the  inter- 
linking of  tiie  fittings  causes  a  concentration  of  flux  at  the 
point  where  the  interlinked  fittings  come  closest  together, 
i.e.  at  the  point  of  crossing.  Practice  has  proved,  how- 
ever, that  provided  the  insulators  are  made  of  high-quality 
porcelain,  as  for  instance  English  porcelain,  they  give 
satisfactory  service.  The  insulators  as  supplied  in  this 
countr}'  are  fitted  with  endless  steel-wire  grummets  con- 
nected together  by  an   S-shaped   fitting  devised    by  the 


Hewlett  type  of  insulator. 


author  (see  Fig.  15).  The  grummets  are  made  on  the 
insulator  itself  and  then  cemented  in  to  prevent  the  wear- 
ing of  either  the  porcelain  or  the  grummet.  The  cement 
being  hygroscopic  also  has  the  effect  of  what  amounts  to 
increasing  the  aixa  of  the  electrodes  and  thereby  reducing 
the  flu.x  density,  and  consequently  improving  the  electrical 
characteristics  of  the  insulator.  As  previously  stated,  this 
tj'pe  of  insulator  is  eminently  suitable  for  use  in  conjunc- 
tion with  pin  insulators  on  the  straining  points  of  the  line. 
This  design  of  insulator  is  also  used  on  very  high  voltages, 
as,  for  instance,  on  the  88,ooo-vo!t  lines  of  the  Victoria  Falls 
and  Transvaal  Power  Co.,  and  those  made  of  sound  por- 


celain, e.g.  the  English  ones,  have  given  good  service.  On 
the  very  high  voltages,  however,  the  metal-hooded  insula- 
tor is  more  generally  used,  presumably  owing  to  its  better 
electrical  characteristics. 

The  Hewlett  insulator  as  used  for  working  in  the  hori- 
zontal position  at  straining  positions  has  two  flanges  which 
cause  it  to  have  an  excessively  high  flash-over  voltage  dry, 
which  reduces  the  margin  against  puncture.  As  the  result 
of  experiments,  the  author  has  found  a  means  of  reducing 
the  dry  test  by  short-circuiting  one  flange  in  a  position  on 
the  periphery  opposite  to  the  midway  point  between  the 
two  grummet  holes  (see  Fig.  15).  The  position  is  important, 
otherwise  the  spray  test  is  also  reduced,  which  vitiates  its 
use.  The  following  are  comparative  tests  with  and  with- 
out the  short-circuiting  of  the  flange  or  "over-pressure 
release." 

Hewlelt  Insulators  {Single  6  in.  Disc). 


Ordinar>'  with- 
out Over-pres- 
sure Release 

With  Over- 
pi  essure 
Rele.ise 

Comparison  with 

Usual  Rating  of 

Pin  Insulator 

Working 

kllovolts 

6 

kilovolts 

6 

kilovolts 

6 

Flash -over     under 

35 

35 

37 

spray 

Flash-over  dry    ... 

80 

56 

54 

Puncture     (uncer- 
tain) 

80 

80 

80 

Metal-hooded  type. — The  characteristic  of  the  metal- 
hooded  or  cemented  insulator  is  the  concentric  arrange- 
ment of  the  parts  and  the  even  distribution  of  flux  which 
makes  the  insulator  very  good  from  the  electrical  point 
of  vievi'.   ' 

Considered  individually,  the  suspension  insulator  is  of 
very  simple  electrical  design,  but  when  arranged  in  a 
string  in  series,  as  for  working  at  high  voltages,  some 
interesting  features  arise. 

Distribution  of  potential.— Thiit  the  distribution  of 
potential  along  a  string  of  suspension  insulators  is  not 
equal  is  well  known,  but  it  is  desirable  briefly  to  refer 
to  it  -here  in  order  to  lead  up  to  other  matters.  Suspen- 
sion insulators  arranged  as  a  string  have  a  capacity  to  one 
another  which  might  be  called  "  series  capacity,"  and  a 
capacity  to  earth  which  might  be  called  "  shunt  capacity." 
The  unit  nearest  to  the  line  has  therefore  to  carry  the 
"  series  capacity  "  current,  which  is  uniform  throughout  the 
string,  plus  the  "  shunt  capacity  "  current  of  the  units  above 
it.  Each  successive  unit  above  has  a  lesser  amount  of 
"  shunt  capacity  "  current  to  carry.  The  voltage  gradient 
will  therefore  be  steepest  on  the  fine  unit  and  less  on  each 
successive  unit,  the  topmost  unit  nearest  to  the  cross-arm 
having  the  least  potential  across  it.-  The  unbalancing 
will  be  the  greater  the  greater  the  ratio  of  shunt  capacity 
to  series  capacity.  Insulators  therefore  with  large  thick- 
nesses of  porcelain,  such  as  a  double  piece  or  an  extra 

♦  .4s  a  m.-itter  of  fact,  the  shunt  capacity  of  one  unit  to  another  also 
enters  into  the  question  and  tends  to  relieve  the  middle  unit,  whilst  in 
combination  with  the  cap-icitv  to  earth  it  tends  to  make  one  of  the 
units  aw.\v  from  the  cross-arm  the  least  stressed  ;  but  the  effect  of  this 
is  slight  and  might  be  neglected  here. 
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thick  single  piece,  will  have  the  $iiialle>t  series  capacity  ; 
and   though  such  insuLitors  may  be  of  excellent   design 
considered  individually,  yet  a  string  of  them  in  series  may 
have  very  bad  characteristics. 
Such   extra   thickness    becomes    necessary    with    poor 
have  a  relatively  low  dielectric 
.   I  has  a  relatively  low  specific 
ctpacily,  30  ilial  the  effect  of  bad  porccl.iin  in 
!:;    the    out-of-balance  is  cumulative.      Inver^ely, 
tne  better  the  jwrcelain  the  higher  the   capacity  due  to 
the  materul  itself  and  the  thinner  it  can  be  for  a  given 
strength.     With  Flnglish  porcelain  which  has  high  dielec- 
tric strength,  a  lo  in.  suspension  disc,  J  in.  thick,  has  a 


1 

3 

- 

1,250 

0 

T             6 

4           « 

i                        * 

'^            5 

Spdcmg'  1"  ■nches 
Fic.  16.— Effect  of  spacing  cm  Hash-over. 

flash-over  value  of  70  kilovolts,  and  a   puncture  strength 

of  156  kilovolts,  and  such  a  unit  will  give  a  much  superior 

balance    lo,    say,   a   two-piece   insulator    or   an    insulator 

I  in.  thick,  particularly  if  of  poorer  porcelain.     It  will  be 

not       ■    '  ,,(h  (lie  pin  msulator  it  wasdcsirabic 

to  ,  with  the  sii>pcnsion  insulator  the 

lie  case.     With  pin  insulators,  how- 

v  is  smaller  in  respect  to  the  series 

and  in  any  case  the   shells  arc  readily  propor- 

i.c.  graded)  to  suit  ;  whereas  with  suspension  in- 

kulaior*  the   effect   i«  greater,  and    though   feasible  it  is 

not  "■'• '•    iMe  lo  grade  the  units  to  provide  for  this. 

Tti  .  can,  however,  under  certain  conditions 

be  ,ng. 

/  :  of  the  uneven 

r  of  a  string  of, 
:   <ine  unit    x  n. 


The  ratio  of  these  two  6gures  has  been  called  the  "string 
efficiency  ratio.  "  ■  and  is  an  indication  of  the  out-of- 
balance  of  the  string.  It  is  to  be  noteJ,  however,  that  just 
as  with  pin  insulators,  the  effect  of  corona  is  to  increase 
the  capacity  of  the  most  stressed  shells  or  automatically  to 
grade  them,  so  that  under  test  at  normal  frequency  the 
string  efficiency  ratio  may  indicate  a  belter  potential 
balance  than  is  actually  the  case  under  normal  working 
voltage.  If  the  units  arc  spaced  over  a  certain  length 
apart,  flash-over  will  take  place  between  the  metal-work 
of  each  unit  (Fig-  16 v),  and  further  spacing  apart  will  not 
materially  alter  the  flash-over  of  the  string.  If,  however, 
the  spacing  is  reduced,  the  flash-over  will  take  place  over 
the  entire  string  (,Kig.  if)H),  and  when  this  condition  is  first 
reached  the  flash-over  of  the  string  might  be  slightly 
increased  due  to  the  better  flux  distribution.  The  spacing 
can.  however,  he  further  reduced  up  to  the  limit  of  thfe 
minimum  spacing  required  by  the  fittings,  and  if  this  is 
done,  the  flash-over  will  be  decreased,  thereby  lowering 
the  string  efficiency  ratio. 

Fig.  160  shows  the  effect  of  these  movements.  The 
spacing  of  the  units  closer  together  will  have  the  following 
effects  : — 

(1)  The   flux  distribution   will   be   better,   due    to    the 

shortening  of  the  path  for  such  parts  of  the  flux 
as  pass  through  the  air  between  the  units. 

(2)  The  arc   will    be   thrown   out   from   the    porcelain 

instead  of  drawn  in.  and  so  will  reduce  the  possi- 
bility of  shattering  the  shells. 
(31  The  stresses  on  each  unit  will  be  reduced. 

The  latter  reason  is  a  very  important  one.  Under  pin 
insulators  it  was  shown  that  it  is  desirable  to  reduce  the  air 
fti'->  r^r  inrrcasf  the  thickncss  of  the  porcelain.  The  necessity 
for  not  increasing  the  thickness  of  porcelain  in  the  suspen- 
sion-type insulator  has  been  discussed,  so  that  the  only 
course  open  is  to  reduce  the  air  gap  and  thereby  the  stress 
which  can  come  on  any  unit  including  the  line  unit,  and 
at  the  same  time  lo  reduce  the  time  l.ig  under  high-fre- 
quency conditions.  Yet  that  which  provides  the  above 
important  advantages  and  efficiency  is  stigmatized  as 
bad  efliciency.  as  judged  by  the  string  efficiency  ratio. 

The  string  eff'fciency  r.itio  appears  to  be  a  reason.ibly 
accurate  guide  to  the  out-of-balance  of  a  string  up  to 
the  point  of  m.iximum  flash-over  for  a  given  string,  i.e. 
the  knee  on  the  curve  ;  beyond  that  point,  however,  the 
string  at  least  maintains  its  previous  string  efliciency,  but 
gains  in  security  by  the  reduction  in  potential  which 
can  come  on  to  any  unit. 

This  factor  might  be  termed  "  string  security  factor  " 

_   maximum  flash-over  of  string 
~  li;i!>h-over  witli  reduced  spacing 

L'nder  rain  conditions  the  balance  of  the  string  is  im- 
proved owing  to  the  incrca<>c  of  series  capacity  due  to  the 
wet  conducting  surf.iccs  and  also  due  lo  the  leakage 
current  over  such  surfaces,  which  adils  itself  to  the  scries 
capacity  current.  In  consequence,  after  a  certain  number 
of  units  arc  added  to  the  string,  the  flash-over  under  spray 
may  become  even  greater  than  the  dry. 

•  ).-  u  ii  ■  L  i„,  ••  Electrical  Cliaractt?ri>tlc<  of  llic  Su»pcnwon 
|ii>ul ,  '/  IIk  Amtrkan  ImlitiiU  of  Eteclmal  Enginitn, 

I'/H.  » 
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Mechaxical   Design. 

A  line  insulator,  whether  of  the  pin  or  suspension  type, 
may  be  made  up  of  one  or  more  shells  of  porcelain  with 
metal  parts,  usually  malleable  cast  iron  or  mild  steel,  and  in 
performing  its  normal  function  must  encounter  consider- 
able variations  of  temperature.  Expansion  and  contraction 
stresses  may  therefore  occur  even  in  one  of  the  component 
materials  owing  to  its  uneven  heating  and  cooling,  and 
are  bound  to  occur  in  the  different  component  materials 
owing  to  their  different  coeflicients  of  expansion.  The 
problem  is  therefore  to  shape  and  proportion  the  various 
parts  of  the  insulator  so  that  these  stresses  are  kept  as 
low  as  possible  and,  in  conjunction  with  the  stresses  set 
up  by  outside  loads,  well  within  those  that  the  materials 
can  continuously  withstand  without  deterioration. 

Metal  parts  do  not  generally  fit  in  close  contact  with 
porcelain  parts,  nor  do  porcelain  parts  fit  in  close  contact 
with  other  porcelain  parts ;  there  is  always  a  layer  of 
cement,  generally  neat  Portland  cement.  Any  stresses 
set  up  by  the  expansion  and  contraction  of  the  parts  will 
therefore  be  transmitted  through  such  cement  layers. 
Cement  has,  however,  a  low  modulus  of  elasticity  and  a 


thin  layer  of  cement  can  be  used  without  corresponding 
disadvantage.  When,  however,  there  are  solid  and  bulky 
metal  parts,  the  expansion  stresses  will  be  appreciable  and 
the  cement  layers  must  be  of  greater  thickness  so  as  to 
give  the  cushioning  effect.  In  some  cases,  however,  it  is 
possible  to  keep  such  stresses  low,  thus  avoiding  the 
necessity  of  tlie  thickest  layers,  as,  for  instance,  by 
cementing  a  sheet  metal  thimble  instead  of  a  solid  pin 
into  a  pin  insulator.  The  stress  may  also  be  reduced  by 
doing  the  work  of  cementing  at  a  higher  temperature, 
thus  reducing  the  range  of  expansion,  and  also  by  the 
employment  of  other  expedients.  In  any  case,  however, 
the  cement  should  be  chosen  with  care  and  gauged  with 
skill,  and  the  parts  should  be  shaped  so  that  whatever 
stresses  may  occur  will  not  be  localized. 

Mechanical  design  of  pin  insulators. — A  pin  insulator  may 
be  heated  to  a  considerable  temperature  by  the  sun 
shining  directly  upon  it— probably  more  on  one  side  than 
on  the  otlier— during  which  time  the  parts  tend  to  expand  ; 
and  it  may  then  be  subjected  to  a  sudden  downpour  of 
rain,  which  suddenly  cools  the  top  shed,  causing  it  to 
contract.  With  small  pin  insulators,  nothing  is  likely  to 
happen  under  these  conditions.     In  large  pin  insulators. 


t?:.^. 


Fig.  17. — Large  pin  insulators. 


Fig.  iS. — Thimble. 


strength  under  compression  very  much  less  than  either 
iron  or  porcelain,  so  that  it  will  act  to  some  extent  as  a 
cushion.  From  this  point  of  view,  the  cement  layers 
should  be  made  reasonably  thick.  On  the  other  hand, 
however,  neat  Portland  cement,  unless  very  sound,  i.e. 
thoroughly  burned  and  skilfully  gauged,  is  liable  to  a 
slight  expansion  of  its  bulk,  which  may  take  several  years 
to  develop. 

It  is  also  possible  that  such  gradual  expansion  might  be 
increased  by  some  subtle  chemical  action  causing  crystal- 
line growths,  this  chemical  action  being  set  up  perhaps 
by  the  action  of  the  electrostatic  field  on  the  air  and 
moisture  contained  in  the  interstices  of  the  cement.  This 
latter  theory  is,  however,  very  hypothetical,  though  the 
former  is  not,  and  in  view  of  the  effect  of  the  human 
element  in  gauging  and  the  probability  of  more  or  less 
imperfection  of  commercial  grades  of  cement,  it  must  be 
reckoned  with.  From  this  point  of  view  the  cement 
layers  should  be  kept  thin. 

Between  two  parts,  such  as  two  shells  of  porcelain, 
which  have  the  same  coefficient  of  expansion,  the  desirable 


such  as  those  fcir  50  kilovolts,  designed  with  the  top  shell 
shaped  as  A  in  Fig.  17,  considerable  stresses  may  be  set 
up  at  the  corners,  thus  causing  the  side  to  split  and  fall 
off.     This  has  been  a  source  of  trouble  in  America.* 

It  is,  however,  possible  to  design  the  top  shed  in  the 
form  of  a  continuous  disc,  with  the  head  formed  on  the 
upper  side  and  a  flange  on  the  underneath  side  for  fixing 
to  the  other  shells  (see  B  in  Fig.  17).  The  flange  is  given 
a  slight  slope  and  the  cement  space  is  kept  thin,  and  as 
porcelain  is  a  poor  conductor  of  heat,  this  arrangement 
of  head  and  flange  largely  obviates  this  trouble.  It  might 
be  thought  that  this  arrangement  would  weaken  the 
insulator  mechanically,  but  comparative  tests  which  have 
been  made  show  that  the  insulators  so  designed  have  a 
strength  at  least  equal  to  that  of  earlier  designs  with  the 
heads  as  shown  in  A,  and  have  ample  strength  for  any  load 
which  can  (or  ought  to)  come  on  them  in  practice. 

As  already  set  out,  the  characteristics  of  the  design  of  a 

•  A.  O.  Austin  :  "  Insulation  Depreciation  and  Effect  on  Operation." 
Tniiis<ictioiis  of  the  Aincriain  Iiistitiile  of  Electrical  Engineers,  1914, 
vol.  33,  p.  1731. 
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pin  insulator  limit  its  use  to  positions  where  the  working 
loads  arc  comparatively  small,  of  the  order  of.  say,  500  lb. 
To  obtain  vcryjjrcat  mechanical  strciii;lh  in  a  pin  insulator 
precludes  the  shaping  of  the  parts  so  .is  to  suit  best  the 
electrical  requirements  and  obtain  freedom  from  stresses 
due  to  sudden  extreme  variations  of  temperature. 

As  the  strength  of  the  means  of  attachment,  and  also  of 
the  spindle,  limits  the  stresses  which  can  come  upon  a  pin 
insulator,  it  would  appe;ir  unnecessary  to  insist  upon  a 
strength  in  the  pin  insulator  very  much  in  excess  of  that 
of  its  spindle  or  of  the  means  of  attachment  of  the  con- 
ductor, especially  since,  as  shown  above,  the  insistence  on 
excessive  mechanical  strength  merely  obtains  something 
of  little  or  no  value,  at  the  sacrifice  of  something  of  real 
value. 

Atliichment  of  pin  insulators  to  /i;«s.— Many  different 
methods  have  been  employed  for  fixing  pin  insulators  to 
spindles,  including  such  devices  as  the  Cordcaux  screw, 
hemp  fixing,  cementing,  or  cementing  in  a  separable  metal 
thimble  into  which  the  spindle  is  screwed.  The  desirable 
fixing  is  a  detachable  one  which  permits  of  tlie  insulators 
and  spindles  being  transported  and  handled  separately 
and  of  insulators  being  replaced.  The  Cordcaux  screw  and 
metal  thimble  both  possess  this  advantage. 

The  Cordeaux  screw  fixing  has  been  extensively  used  in 
this  countrj',  presumably  because  of  its  detachability.  and 
also  perhaps  because  it  is  inexpensive.  The  Cordeaux 
fixing,  however,  is  certainly  not  good  from  an  electrical 
point  of  view,  owing  to  the  presence  of  sharp  edges  and 
small  air  spaces  between  tlic  metal  and  porcelain,  and  it  is 
one  of  those  liberties  which  may  be,  and  therefore  is,  taken 
with  insulators  for  comparatively  small  voltages,  though 
it  certainly  ought  not  to  be  taken  at  the  higher  voltages. 
From  a  mechanical  point  of  view  the  Cordeaux  fixing  is 
much  weaker  than  any  other. 

Hemp  fixing  was  presumably  the  outcome  of  the 
necessity  for  a  method  of  fixing  to  certain  foreign  porcelain, 
a  characteristic  of  which  is  ..-.  brittleness.  With  brittle 
porcelain  the  use  of  hemp  may  or  may  not  be  necessary, 
but  with  Knglish  porcelain — or  .Vinerican  for  that  matter — 
which  is  tougher  and  more  resilient,  the  use  of  hemp  is 
not  at  all  necessary.  In  any  case,  however,  to  make  a  good 
job  of  hemp  fixing,  the  hemp  should  be  wound  on  the 
spindle  under  tension  on  a  lathe  and  screwed  in  on  a 
lathe  ;  and  as  such  facilities  are  generally  not  av.ailable  on 
the  site,  it  has  to  be  done  .it  the  maker's  works.  On  the 
other  hand,  however,  this  increases  the  cost  of  cirriage 
and  the  liability  to  breakiige  in  transit,  the  extra  ex- 
|H-n-.<'  of  which,  as  shown  above,  does  not  appear  to  be 
juMified. 

The  fixing  of  metal  pins  by  cementing  them  direct  into 
insulators  makes  a  very  sound  job,  but  as  the  pins  .ire  of 
solid  metal  a  good  cushion  of  cement  is  necessary. 

'1'       ■   "  lest    h.is   been   applied   to  insulators  of 

El  lilted  with  metal- work  cemented  in,  and 

it  !i  fixing  is  properly  done,  no  trouble 

ot-  Hin  and  contr.iction  : — 

The  insulator  fitted  with  a  thimble  is  immersed  for 
S  minute*  in  a  freezing  mixture  at  — 7'  C.  and  is  then 
plunged  into  water  .it  K5'  C  for  5  minutes.  This  test 
may  be  performed  repeatedly  without  damage  to  the 
insulator  or  reduction  of  its  electrical   strength. 


To  ensure  that  the  metal-wOrk  is  correctly  centralized 
and  that  proper  materials  arc  used,  it  is  desirable  that  the 
cementing  should  be  done  at  the  maker's  works,  where 
these  facilities  exist.  The  same  argument,  however,  as  for 
hemp  applies  here,  namely,  that  the  cost  of  carriage  and 
liability  to  breakage  in  transit  cause  extra  expense.  If, 
however,  a  separable  metal  thimble  is  cemented  into  an 
insulator,  the  advantages  of  proper  centralization,  materials, 
etc.,  arc  obtained,  but  the  extra  expense  and  risk  of  break- 
age in  transit  are  obviated.  Moreover,  if  the  thimble  is 
made  in  stamped  sheet  met.-il  as  opposed  to  a  casting,  the 
expansion  stresses  are  kept  low,  and  smaller  clearances  of 
cement  can  tliereforc  be  used. 

A  thimble  of  this  nature  is  shown  in  Fig.  18.  In  this 
design  of  thimble  the  joint  is  made  on  a  cone  seat,*  the 
screw  in  the  upper  half  of  the  thimble  being  chiefly  for 
the  purpose  of  bringing  the  cone  seats  of  the  thimble  and 
spindle  into  close  contact.  The  conCTSeated  joint  develops 
the  full  strength  of  the  full  section  of  the  spindle,  and  the 
small  taper  of  the  cone,  requiring  at  least  a  half  turn  to 
release  properly,  prevents  looseness.  This  would  appear 
to  be  one  of  the  best  methods  of  attaching  an  insulator 
to  a  pin. 

Mechanical  design  of  suspension  insulators. — In  suspen- 
sion insulators  porcelain  and  metal  are  in  very  close 
rcl.itionship  and  the  insulators  are  also  required  to  work 
under  heavy  loads,  so  that  it  is  necessary  to  give  very 
careful  attention  to  the  details  of  the  design. 

Metal-hooded  insulators  are  sometimes  considered  to  be 
in  tension,  and  as  porccKain  is  notoriously  weak  in  tension 
the  design  is  considered  to  be  inferior  to  interlinked 
insulators  in  which  the  porcelain  is  in  compression.  The 
following  test  is  therefore  interesting  ; — 

Insulators  A  and  H,  Fig.  19,  are  identical  as  regards 
section  of  material,  shaping,  shear  area  of  cement,  etc., 
but  the  pin  in  A  is  inserted  deeper  than  that  in  B. 

A  gives  an  average  strength  of  4  tons  and  the  porce- 
lain is  crushed  without  the  cement  being  sheared. 

B  gives  an  average  strength  of  2  tons  and  the  spindle 
pulls  out,  shearing  the  cement. 

It  would  appear  that  A  transmits  a  large  component  of 
stress  to  the  hood  througli  the  porcelain  in  compression, 
and  the  shape  of  the  break  as  marked  on  the  diagram 
and  the  stratified  character  of  the  porcelain  at  the  break 
substantiates  this. 

Combined  electrical  and  mechanical  tests  show  that 
some  designs  fail  electrically  long  before  they  appear  to 
break  mechanically,  whilst  others  develop  very  nearly  the 
full  mechanical  strenglli  before  electrical  failure  takes 
place.  The  former  .iKvays  appeared  to  be  those  where 
the  shaping  of  p.irls  indicated  the  possibility  of  severe  and 
localizetl  expansion  stresses,  and  the  latter  where  such 
stresses  were  likely  to  be  the  least  and  not  localized.  This 
shows  that  the  design  which  gives  the  highest  mechanical 
test  is  not  necessarily  the  best  design  from  the  point  of 
view  of  inside  stresses. 

A  metal-hooded  insulator  may  be  designed  for  an  ulti- 
mate strength  of  10  Ions  or  more.  The  siime  remarks 
that  were  m.ide  on  this  head  under  pin  insulators,  how- 
ever, holds  good  here,  as  insistence  upon  unnecessarily 
high  mechanical  strengths  precludes  the  easy  shaping  ol 
1  •  I'atciil. 
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parts  which  is  so  desirable  for  considerations  of  electrical 
soundness  and  freedom  from  expansion  and  contraction 

stresses. 


Meial-hooded  insulators. 


Transmission  line  conductors  rarels'  have  a  breaking 
strength  much  in  excess  of  2|  to  3  tons,  and  for  such  cases 
there  would  appear  to  be  no  object  in  requiring  the 
suspension  insulator  to  stand  much  more  than  this.  For 
a  load  of  3  tons  or  so  the  insulator  can  embody  the  most 
desirable  characteristics  from  ever)'  point  of  view,  but  for 
loads  verj'  much  beyond  this  something  has  to  be 
sacrificed. 

Testing  of  In'sulators. 

The  objects  in  view  in  testing  high-tension  insulators 
may  be  broadly  classified  as  follows  : — 

(i)  To  detect  insulators  the  material  of  which  is  faulty — 
this  is  generally  termed  a  "  routine  test "  and  is 
applied  to  all  material. 

(2)  To  prove  i   at  a  given  design  of  insulator  has  the 

necessary  margin  of  strength  for  the  electrical 
and  mechanical  stresses  which  will  be  imposed 
upon  it  in  practice.  This  is  generally  termed  a 
"  design  test "  and  is  applied  to  samples  selected 
at  random. 

To  these  a  further  requirement  might  advantageously 
be  added,  namel}-^ 

(3)  To  ensure  that  material  which  withstands  tests   (i) 

and  (2)  and  therefore  is  apparentlj-  free  from  faults 
in  the  new  condition  under  which  it  is  tested,  will 
not  sooner  or  later  develop  faults  or  deteriorate 
under  the  conditions  of  use.  These  might  be 
called  "  deterioration  tests,"  and  might  partly  be 
^plied  to  samples  as  a  design  test  and  partly 
to  all  material  as  a  routine  test. 

The  requirements  of  these  different  classes  of  tests  need 
sevp'-'xl  different  kinds  of  testing  and  combinations  thereof. 

(i)  Rouline  tests. — These  ma}-  be  briefly  summarized  as 
follows : — 

Electrical    routine    tests    at    normal    frequencj'   (50    to 

10Of\>). 

A  predetermined  voltage  =■■  is  applied  to  each  shell  before 
assembly,  and  again  to  each  assembled  insulator  for  a 
period  of  5  minutes,  water  generally  being  used  as 
electrodes. 

A  high-frequency  test  as  referred  to  later  might  also  be 
applied  in  a  manner  to  suit  the  requirements  of  a  routine 
test. 

Mccliankal  routine  tests. — A  predetermined  mechanical 
load  is  applied  to  the  insulator  for  a  certain  period  of  time, 
usually  10  seconds.     The  routine  mechanical  test  is  not  as 

*  This  voltage  should  be  in  the  neighliourliood  of  the  flash-over 
voltage  ;  in  tact,  one  English  firm  regulates  the  voltage  so  that  the 
insulators  flash  over  at  the  rate  of  as  nearlv  as  possible  once  per 
second.     This  makes  the  routine  test  verv  searching. 
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a  rule  applied  to  pin  insulators,  but  with  suspension  insu- 
lators it  is  applied  before  the  routine  electrical  test  on  the 
assembled  insulator.  Mechanical  tests  if  taken  to  very 
high  values  may  cause  damage  by  starting  internal  cracks, 
and  as  the  routine  mechanical  test  is  applied  to  insulators 
to  be  used  on  the  line  it  should  not  be  excessive  and  should 
be  limited  to  about  25  per  cent  more  than  the  maximum 
working  load. 

(2)  Design  tests. — An  electrical  design  test  at  normal 
frequency  (50  to  100  i\i). 

For  flash-over  :  the  insulator  is  fitted  with  metal-work 
and  is  attached  to  a  cross-arm  as  in  practice,  a  gradually 
increasing  voltage  being  then  applied  : — 

(a)  with  the  surface  dry, 

(6)  with  the  surface  wet  bj-  a  precipitation  of  water  at  an 

angle  of  45°  to  the  vertical  and  at  the  rate  of  i  inch 

in  5  minutes. 

For  puncture  :  the  insulator  with  metal  fittings  as 
similar  as  possible  to  those  used  in  practice,  is  immersed 
in  oil  and  a  gradually  increasing  voltage  (at  the  rate  of 
10  kilovolts  per  second)  is  applied  until  puncture  occurs. 

The  voltage  on  the  high-tension  side  of  the  transformer 
used  to  be  measured  by  means  of  a  needle  spark-gap. 
Needle  points  are,  however,  subject  to  variation  due  to 
brush  discharge,  etc.,  as  mentioned  by  Mr.  Lustgarten." 

The  sphere  gap  is  not  subject  to  such  variation  when  the 
spheres  are  of  sufticient  diameter  in  respect  to  the  width 
of  the  gap  to  prevent  corona  preceding  the  spark.  With 
a  width  of  gap  up  to  three  times  the  diameter  of  the 
spheres  there  is  very  little  corona,  but  for  the  most 
accurate  work  the  width  of  the  gap  should  not  be  greater 
than  the  diameter  of  the  spheres.  The  sphere-gap  read- 
ings are,  of  course,  subject  to  correction  for  barometric 
pressure  and  temperature.  A  resistance  which  may  con- 
sist of  a  porcelain  tube  filled  with  water  should  be  placed 
in  series  with  the  gap  to  limit  the  flow  of  current  at  arc- 
over  to  one  ampere  or  less,  otherwise  oscillations  are  set 
up,  causing  discrepancies  in  the  readings,  and  the  sphere 
gap  may  also  be  damaged  through  pitting. 

The  resistance  of  the  water  used  for  spray  tests  is 
important,  and  very  different  results  are  obtained  with 
different  qualities  of  water.  Water  with  a  resistance 
approximating  to  that  of  actual  rain,  i.e.  distilled  water, 
should  therefore  be  used  when  especially  accurate  figures 
are  required. 

When  insulators  are  submitted  to  design  tests,  the  for- 
mation of  corona  on  parts  should  be  carefully  observed,  as 
much  can  be  learnt  in  that  way  in  regard  to  overstressing. 

Electrical  design  tests  at  liigh  frequency. — The  term  "  high 
frequency"  appears  to  be  used  rather  widely,  so  as  to 
include  such  different  phenomena  as  : — 

Continuous  sine-wave  high-frequenc\'  oscillations. 
Damped  high-frequency  oscillations. 
Impulses  with  a  steep  wave-front. 

Continuous  high-frequency  or  undamped  oscillations  are 
very  severe  on  insulation,  and  there  would  appear  to  be  no 
condition  possible  in  practice  which  would  be  represented 
thereby. 

These  classes  of  high-frequency  oscillations  are  hardly 

*  J.  LuSTG.4RtEN  :  "  High-teusion  Porcelain  Line  Insulators."  Journal 
I.E.E;  1912,  vol.  49,  p.  235. 
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r  commercial  testing,  but  they  may  be  of  value 
.  Ji  work. 

The  condition  of  a  lightning  surge  of  such  a  value  .as 
would  break  down  the  air  surrounding  an  insulator  might 
be  represented  by  a  single  impulse  test.  As  previously 
shown,  however,  a  severer  effect  on  an  insulator  results 
from  a  series  of  high-frequency  waves.  A  high-frequency 
1  effect  c.in  be  set  up  by  testing  an  insulator  at 
.cqucncy  at  a  higher  voll.ige  th;in  the  flash-over 
when  llic  continuous  sp.irking-over  sets  up  oscillations. 
This  test  can.  of  course,  be  applied  without  any  additional 
apparatus  other  than  the  ordinary  high-voltage  testing 
transformer  and  is  therefore  simple,  but  on  the  other  hand 
it  is  >onicwh.it  uncertain  and  indefmitc. 

Tlic  lightning  surge-oscillation  and  switching  or  arcing 
surge-effects  would  appear  therefore  to  be  best  simulated 
by  high-frequency  oscillations  as  given  by  a  Tesia  circuit. 
High-frequency  oscillators*  of  this  type  have  been  ni.ide 
abrcid,  which,  when  taken  off  an  ordinary  supply  at,  say, 
60  t\i  per  second  give  120  trains  of  oscill.itions  per  second 
at  a  wave  frequency  of  about  300,000  rv  per  second.  There 
arc,  of  course,  comparatively  long  periods  of  rest  between 
each  series  of  wave  trains.  The  voltage  is  controlled  on  a 
control  spark  gap  and  measured  on  a  sphere  gap. 

Insulators  submitted  to  liigh-frequencyoscill.itions  should 
withstand  the  potential  being  incre.ised  until  fl;ish-over 
occurs  without  puncture.  The  severity  of  this  test  m.iy 
be  increased  to  any  desired  extent  by  maint.iining  such 
oscillations  for  given  lengths  of  time,  which  is  equivalent 
to  submitting  the  insulators  to  a  given  numlier  of  wave 
trains  at  a  potential  cither  below  the  flash-over  or  any 
higher  potential. 

Utchantcal  deugn  ttsls. — The  insulator  fitted  with  metal- 
work  as  in  practice  is  submitted  to  a  gradually  increasing 
mechanical  load  until  the  ultimate  mechanical  strength  is 
re.ichcd. 

Uciliiinidil-cUdrical  tat. — As  previously  mentioned,  in- 
ternal damage  sufficient  to  ctusc  eleclncal  breakdown 
may  occur  m  an  iuNulalor  under  mechanical  test  before 
visible  mechanical  failure  occurs.  This  point  can  be 
detected  by  applying  an  electrical  test  to  the  insulator 
in  conjunction  with  the  mechanicil  test.  This  test  would 
seem  to  be  important,  as  an  apparently  high  mechanical 
test  is  of  no  value  if  damage  has  occurred  which  causes 
electrical  failure  at  a  very  much  lower  v.ilue.  The  best 
insulator  from  the  mechanical  point  of  view  will  Ix;  the 
one  which  will  withstand,  before  electrical  f.iiliirc  lakes 
place,  a  load  as  high  as  possible  in  respect  to  the  ulti- 
mate load. 

(3)  lidcrioratioH  tat. —  It  is  important  to  recognize  that 

even  a  test  by  high-frc(iucncy  oscillations  is  not  necessarily 

an  infallible  test  of  either  the  soundness  of  the  material  or 

"        '      ^'n.     For   instance,  an    Insulator   might    be   quite 

the   works  and  withstand   high-frc<jiicncy   tests, 

'I'litions  of  changing  temperature, 

1,  if  the  insulator  be  not   properly 

in.iy  set   up  small  cr.icks  .ind  theieby  eventually 

irc.     Moreover,  an  insulator  slightly  porous  from 

'ig  might  withstand  these  tests  when   in  a  new 

> .'indilion,  but  under  working  conditions  such  an 

inkulalor   might  gradually  abwrb  moisture    by  breathing 

*  .n,"   Trumtntltiymt  a/  Iki 


action  set  up  by  the  changing  tempcr.Hture.  It  is  prob- 
able tliat  the  so-called  "fatigue"  of  insulators  under  high 
pressures  has  been  due  to  these  causes. 

In  regard  to  expansion  and  contraction  stresses  causing 
deterioration,  the  mechanical-electrical  test  previously 
referred  to  would,  to  some  extent,  detect  this  tendency, 
as  an  insulator  in  which  these  stresses  arc  likely  to  be 
most  severe  would  fail  at  a  lower  load.  A  more  exact 
w.iy,  however,  would  be  to  perform  this  test  with  the 
insulator  heated  up  to  the  maximum  temperature  likely  to 
occur  in  practice. 

In  regard  to  the  detection  of  slight  porosity,  probably 
the  best  vmy  of  discovering  this  is  by  the  use  of  a  '•  Megger" 
giving,  say,  1,000  volts. 

A  test,  presumably  for  the  purpose  of  detecting  porosity, 
and  one  frequently  met  with  in  specilications,  requires 
that  insulators  be  broken  into  small  pieces  and  weighed 
.ifter  being  kept  in  a  warm,  dry  place  for  24  hours,  then 
soaked  ill  w.ater  for  24  hours,  the  surfaces  dried  and  again 
weighed,  when  no  increase  in  weight  must  occur.  The 
difficulty  with  tliis  test  is  that  it  is  impossible  to  remove  all 
the  moisture  from  the  slightly  rough  surface  of  the  broken 
pieces,  so  that  if  the  balance  is  a  verv  delicate  one  the 
pieces  must  weigh  more,  and  if  the  balance  is  not  very  dcU- 
cate  tlien  the  test  cannot  be  very  valuable.  A  more  search- 
ing way  to  discover  porosity  in  broken  pieces  of  insulators 
is  to  leave  them  to  soak  in  a  solution  of  analine  dye  and 
alcoliol,  and  then  to  break  the  pieces  transversely  to  the 
surface,  when  any  absorption  will  at  once  lie  visible. 

Co.NXi.UDixG  Remarks  ox  Insulator  Desicx  and 
Tksting. 

The  foregoing  section  on  insulator  designing  and  testing 
indicates  that  many  considerations  contribute  to  the  design 
of  an  insulator  which  may  be  depended  upon  to  give  free- 
dom from  trouble  in  service.  It  has  also  been  shown  that 
indifferent  porcelain  is  not  only  bad  in  itself  but  reacts 
against  the  design.  However  well  designed  an  insulator 
niav  be,  it  will  not  make  up  for  defective  materials;  and 
an  indifferently  designed  insulator  of  good  material  will 
probably  give  better  service  than  a  well-designed  insulator 
of  liad  material. 

The  desirable  result,  of  course,  is  a  combination  of  good 
niatcri.-il  and  good  design  ;  and  as,  especially  with  a 
material  like  porcelain,  flaws  are  bound  to  occur  occa- 
sionally in  inanuf.actiire,  careful  and  thorough  testing  is 
a  necessity.  The  importance  of  sound  material  cannot  be 
overestimated,  and  fortunately  in  Knglish  hard  porcelain 
wc  possess  a  sound  material  which,  in  combination  with 
good  design,  makes  an  insulator  having  exceptionally 
desirable  characteristics. 

As  with  most  things,  a  carefully  inspected  and  tested 
insulator  of  the  Inist  design  and  m.itcrial  costs  more  to 
produce  than  an  insulator  where  refinements  have  been 
neglected.  It  is,  for  instance,  quite  easy  to  s,ave  20  per 
cent  or  more  on  the  design  of  an  insulator  and  still  give 
the  same  flash-over  tesls  ;  and  this  siving  can  be  increased 
if  inspection  and  testing  are  not  ligoiously  carried  out. 
That  such  saving  is  not  woith  while  will  be  gianled  when 
it  is  remembered  that  insulators  only  ai-coiinl  for  about 
I  or  1  per  cent  of  the  cost  of  a  power  supply  system,  and 
that  Ihc  power  supply  may  be  shut  down  by  the  failure  of 
an  insulator. 
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Clamps   or   other    Means   of  Attaching   Conductors 
TO  Insulators. 
The  means  of  attachment  of  conductors  to  insulators 
should  be  such  that : — 

(a)  Crystallization  of  the  conductor  must  not  be  set  up. 
{b)  The  conductor  should  be  held  to  the  required  load 

without  bruising  or  injury  to  its  surface, 
(c)  The  attachment  should  be  capable  of  being  erected 
with  ease. 

The   clamp  or  other  means  of  attachment  for  fixing  a 
conductor  to  a  pin  insulator  must  necessarily  be  different 


1  !  \    '.I  hi     I  !  ^    , 

■  i» 


Fig.  20. 

from  that  for  fixing  the  conductor  to  a  suspension  insu- 
lator. Similarly,  attachments  to  carry  the  dead  end  load 
must  be  different  from  those  to  carrj-  the  load  in  an  inter- 
mediate position,  but  there  is  no  reason  why  similar 
principles  should  not  be  reasonably  embodied  in  all  designs. 

Clamps  for  strain  insulators. — Strain-insulator  clamps 
have  flexibility  to  an  eminent  degree  owing  to  all  the 
motion  being  taken  by  the  link  attachment  of  the  insulator, 
and  they  are  therefore  ideal  from  the  point  of  view  of  the 
prevention  of  crystallization.  A  strain  clamp  necessarily 
requires  a  grip  sufficient  to  develop  the  ultimate  strength 
of  the  conductor  before  slipping.  The  best  grip  can  be 
obtained  by  means  of  roughened  gripping  surfaces,  but 
these  injure  the  conductor  and  it  is  preferable  that  the 
gripping  surface  of  the  clamp  should  be  smooth  and 
rounded,  which  requires  a  greater  length  of  surface  than 
when  roughened.  In  some  forms  of  clamps  this  grip  is 
obtained  by  gripping  jaws  consisting  of  two  grooved 
plates  bolted  together.  This,  whilst  providing  an  excellent 
grip,  free  from  risk  of  damaging  the  conductor,  is  not  the 
easiest  to  erect  owing  to  the  necessity  of  handling  separate 
plates,  bolts,  and  nuts  whilst  erecting. 

For  ease  of  erection,  clamps  providing  the  grip  by  means 
of  hook  bolts  have  been  used,  these  bolts  not  having  to  be 
separated  from  the  clamp  during  erection.  Perhaps  a 
better  way,  however,  is  to  use  plates  bolted  together  as 
above  mentioned,  but  with  the  bolt  holes  arranged  so  that 
the  gripping  jaws  can  be  opened  to  receive  the  conductor 
without  removing  the  bolts.     A  clamp  on  this  principle  is 


shown  in  Fig.  8.  The  eye  at  the  end  of  the  clamp  enables 
a  block  and  tackle  to  be  attached  to  the  clamp  instead  of 
to  the  cross-arm,  thus  facilitating  the  clamping-in  of  the 
conductor. 


Fig.  21. — Stirrup  clip. 

Clamps  for  suspension  insulators. — Suspension  clamps  have 
also  a  considerable  degree  of  flexibility  by  virtue  of  being 
suspended  from  a  link.  In  the  event  of  a  conductor  breaking, 
the  suspension  clamp  swings  out  into  the  line  of  the  sag, 
thus  reducing  the  stress,  so  that  there  is  no  necessity  for 
the  suspension  clamp  to  grip  the  conductor  to  its  breaking- 


FlG. 


-Fle.Nible  clamp. 


Fig.  23. — Clamp  for 
earth  wires. 


point.  In  any  case  the  intermediate  pole  upon  which  the 
suspension  insulator  is  fixed  is  not  designed  to  carry  the 
stringing  tension  of  the  conductor.  A  light  grip  which 
will  permit  the  conductor  to  slip  at  a  load  of  500  to  1,000  lb. 
is  sufficient,  and  such  a  grip  can  be  easily  obtained  in  a 
manner  which  will  not  damage  the  surface  of  the  cable. 
The  suspension-insulator  clamp   should   have   the   ends 


imple  radius  so  thai  when  the  insulator  swings 

.!i.  in  the  event  of  a  conductor  brcaU- 

.  not  lie  further  damajjcd  bv  kinkin;;. 

be  formed  so  that  when  this  condi- 

.-  _         1  the  clamp  or  llic  conductor  will  not 
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strike  and  shatter  the  porcelain   of   the   last   unit  of  the 

insulator  chain  (see  Fig.  3o). 

ili.ins    of  attachment  for  pin    insulators. — The    binder 
method  of  a!  conductors  to  pin  insulators  is  largely 

favoured,  p.i  because  of  the  amount  of  flexibility 

which  it  gives.  The  insulator  groove  which  supports  the 
conductor  must,  however,  necessarily  prevent  to  some 
extent  the  transmission  of  vibration  ;  in  other  words,  tlic 
binder    nicUuxl    of    altacbmcnl    is    not    enlirclv    flexible. 


ticular  shaping  of  this  clamp  gives  a  degree  of  flexibility 
sufficient  to  obviate  crystallization,  and  it  has  given 
satisfactory  service. 

A  new  type  of  clamp  ■  to  obtain  the  advantages  of  a 
mechanical  attachment  and  yet  be  flexible  is  that  shown  in 
Fig.  22.  This  type  of  clamp  has  complete  freedom  of 
motion,  and  all  wearing  of  the  conductor  by  rubbing  on 
the  point  of  support  is  obviated. 

Grip  of  pin-tvpe  insulator  attadimcnis. — Owing  to  the  fact 
that  a  pin  insulator  is  only  capable  of  carrying  loads  of  the 
order  of  the  transverse  lo.id,  there  is  no  point  in  making 
the  attachment  grip  to  a  greater  load.  The  following 
results  have  been  obtained  from  tests  taken  upon  a  range 
of  different  sorts  of  binders,  clamps,  etc. : — 
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w«,  however,  that  lliis  slight  prevention  of  the 
1  of  vibration  by  the  point  of  support  is  not 

1  the  conductor  to  a  pin  insulator  by  a  rigid 

1  lamp  is  bad  practice,  as  deterioration  of  the 

'  '  '  Iv  to  occur.    To  obtain 

,    :    V   the   "»turup  clip"* 


kliuuti  uii  i  ix.  it  wa»  dekigncU.    The  thin  metal  and  par- 

*   Patent  No.  OilHi  II. 


In  no  case  does  the  means  of  att.ichnienl  develop  a  grip 
anything  like  the  strength  of  the  conductor,  but  it  lets  the 
conductor  slip  at  a  load  more  of  the  order  of  a  transverse 
load  due  to  wind  on  the  conductors.  This  is  as  il  should 
be,  otherwise  the  insulator  pin  or  cro>s-arm  would  be 
damaged.  The  U.S.A.  binders,  however,  seem  to  give  too 
light  a  grip. 

The  flexible   clamp   shown  in    Fig.  12   has  mechanical 

•   I'*triil  applied  (or. 
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characteristics  in  both  the  line  and  longitudinal  direction 
of  the  same  order  as  a  good  binder  and  has  a  flexibility 
greater  than  any  binder. 

In  regard  to  ease  of  erection,  a  binder  is  probably  always 
more  difficult  and  requires  greater  skill  to  erect  than  a 
mechanical  clamp,  but  of  all  mechanical  clamps  the  flexible 
clamp  shown  in  Fig.  22  is  by  far  the  easiest  to  erect,  being 
merely  dropped  into  the  insulator  head  and  turned  at  right 
angles,  the  conductor  then  being  dropped  into  the  slot  and 
the  one  nut  tightened  up.  This  type  of  clamp  is  of  course 
only  suitable  for  use  with  the  latest  type  of  insulators  (de- 
signed to  withstand  surges),  the  heads  of  which  insulators 
are,  as  previously  explained,  formed  on  the  upper  side  of 
a  disc  to  avoid  internal  stresses. 

Clamps  for  earth  vsires. — As  previously  mentioned,  it  would 
seem  correct  practice  to  attach  earth  wires  to  poles  with 
due  regard  to  flexibility.  Fig.  23  shows  a  clamp  on  similar 
principles  to  the  clamp  for  attaching  conductors  to  pin 
insulators  but  arranged  to  take  earth  wires. 


4.    CONXLUSIOX. 

The  matter,  data,  and  illustrations  that  have  been  referred 
to  in  the  foregoing  are  almost  exclusively  concerned  with 
transmission  lines  which  have  been  engineered  from  this 
country,  and  the  material  for  which  has  been  designed  and 
manufactured  in  this  country. 

In  regard  to  the  high-frequency  tests  and  tests  requiring 
pressures  up  to  500  kilovolts,  reference  has  necessarily  had 
to  be  made  to  those  conducted  by  investigators  fortunate 
enough  to  have  access  to  such  apparatus,  but  steps  have 
been  taken  whereby  the  author  will  have  the  advantage  of 
at  least  equally  good  facilities,  when  further  data  of  a 
valuable  nature  is  anticipated. 

The  author's  best  thanks  are  due  to  Messrs.  Bullers,  Ltd., 
for  facilities  afforded  in  connection  with  the  preparation 
of  the  paper.  He  also  wishes  to  acknowledge  valuable 
assistance  received  from  Mr.  N.  E.  P.  Harris  in  connec- 
tion with  the  experiments,  and  from  Mr.  A.  J.  Cunningham 
in  the  preparation  of  data  and  illustrations. 


Discussion'   before  The  Institution',   26  April,    1917. 


Mr.  Trotter.  ^Ir.  A.  P.  Trotter  :  Among  the  developments  in 
electrical  engineering  which  we  hope  to  see  after  the  War, 
overhead  lines  for  bulk  supply  and  for  linking  up  will  be  an 
important  feature.  It  is  true  that  at  present  we  have 
no  higher  pressure  in  this  country  than  30,000  volts,  but 
I  hope  that  we  shall  have  in  the  future.  For  the  limited 
lines  that  now  exist,  a  considerable  increase  of  voltage 
would  so  add  to  the  terminal  cost  of  the  transformers, 
insulators,  and  switchboard,  that  the  saving  on  the  copper 
in  the  line  would  be  swallowed  up.  We  might  calculate 
the  critical  point  at  which  it  is  cheaper  to  send  coal  by 
train  than  to  transmit  electric  power,  having  regard  to 
the  very  peculiar  conditions  in  normal  times  in  this 
country  with  regard  to  the  railways  and  the  coal  supply. 
It  is  wrong  to  make  comparisons  with  countries  which 
perhaps  have  no  coal  at  all,  or  countries  where  no  network 
of  railways  exists.  It  is  very  rare  indeed  that  snow  freezes 
on  overhead  wires  in  this  country.  In  the  past  10  3'ears, 
which  practically  cover  the  experience  of  high-pressure 
overhead  lines  in  this  country,  I  cannot  remember 
more  than  two  or  three  cases  in  which  snow  binding  on  the 
wires  has  had  any  serious  effect  on  electricity  supph'  wires. 
Of  course  on  Post  Office  wires  it  is  altogether  different. 
Passing  to  the  question  of  factors  of  safety  I  find  it  stated 
on  page  416  that  there  is  a  ratio  of  5  to  2  between  the 
factors  of  safety  in  this  country  and  abroad.  Is  not  that 
something  like  the  ratio  of  the  quality  of  engineering  work 
in  this  country  and  abroad  ?  I  do  not  want  to  say 
an3'thing  against  American  work  ;  they  have  their  own 
methods  to  suit  their  own  conditions.  I  think  the  ratio 
of  the  number  of  failures  is  even  larger  than  the  squares 
of  those  figures,  i.e.  25  and  4,  because  in  America  a  dupli- 
cate line  is  often  installed  alongside  the  first  one.  This 
is  hardly  ever  done  in  this  country  as  we  expect  the 
first  line  to  stand.  Of  course  the  requirements  are  quite 
different.  I  am  not  criticizing  American  practice,  but  we 
know  that  most  of  the  lines  in  this  country  are  erected  to 
ensure  continuity  of  supply. 

Reference  is  made  in  the  second  column  on  page  416 
to  the  Board  of  Trade  Regulations.      I  am   not   here  to 


defend  them,  but  it  must  be  remembered  how  they  arose,  ^r-  Tn 
The   first   overhead   wires   were    erected   in    Bond-street 
many  j'ears  ago  ;    and  although,   I   believe,  not  a  single 

i  accident  happened,  Parliament  was  frightened  and  thought 
that  such  wires  would  be  put  everywhere.  They  there- 
fore passed  legislation  and  handed  the  matter  over  to  the 
Board  of  Trade,  who  passed  the  responsibility  over  to 
their  Electrical  .\dviser.  The  Electrical  Adviser  has  no 
one  to  consult  and  is  not  allowed  to  have  an  advisory 
committee.  Is  it  therefore  to  be  wondered  at  that  factors 
of  safety  are  rather  high  when  the  responsibility  rests  on 
the  shoulders  of  one  man  to  say  "  this  is  safe  "  ?  He  is, 
I  must  say,  very  gratified  when  he  finds  that  the  engineers 
who  use  overhead  wires  are  perfectly  satisfied  with  the 
Regulations.  Mr.  Starr  at  the  last  meeting  *  said  that 
he  was  quite  satisfied,  and  in  various  papers  read  before 
the  Institution  the  authors  have  said  that  thev  did  not 
want  any  alteration  in  these  factors  of  safety.  It  will 
generally  be  found  that  there  is  some  proviso  for  the 
consent  of  the  Board  of  Trade  ;  that  all  the  schemes  must 
be  submitted,  considered  on  their  merits,  and  passed. 
With  regard  to  the  25  lb.  per  sq.  ft.  wind  pressure,  it  must 
be  remembered  that  after  the  Tay  Bridge  was  blown 
down  the  Board  of  Trade  standard  wind  pressure  was 
50  lb.  ;  then  it  was  reduced  in  the  case  of  overhead  wires 
to  35  lb.,  and  now  we  have  come  down  to  25  lb.,  but  it  is 
quite  understood  by  those  who  erect  wires  that  25  lb.  is 
the  maximum.  For  a  sheltered  locality  there  have  been 
several  cases  in  which  a  lower  wind  pressure  has  .been 
permitted  ;  each  case  is  judged  on  its  merits.  The  rules 
in  force  in  the  United  States  and  Canada  are  based  upon 
accumulations  of  ice.     We  have  not  had  occasion  to  make 

,  regulations  for  snow  and  ice  in  this  country,  and  the 
Regulations  distinctly  state  that  no  allowance  has  been 
made  for  them  ;  that  is  to  say,  we  expect  that  if  snow  and 
ice  accumulate  on  the  wires — which  very  rarely  happens — 

I   the  factor  of  safetj'  will  allow   for  .it.     These   factors  of 

'   safety  are  bound  up  with  the  question  of  responsibility. 
If  I  were  a  consulting  engineer  erecting  a  line  over  which 
*  Jjuriitit  f.E.E.,  1917,  vol.  55.  p.  34S. 
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Mf.Trrtirr.  I  ^hwiW   hrtvc  control,    I   should    have   no   hesitation  in 

MTXiurcs  than  the  Board  of  Trade 
V  where    tho>c  Kci^ulations   did 
Thoic  Kcgulations  are  made  for  Ihc  purposes 
.,  ...:cd  under    the    Acts,    namely,    for    a    densely 
Ued  country  and  questions  of  public  safety. 
'    Mould  like  to  refer  to  the  Icn^jths  of  spans.     It 
.1  at  the  foot  of  the  second  column  on  p.ige  416 
;ntry  we  find  lcii(»ths  of  the  order  of   150  ft. 
^  in  the  Iloaril  of  Tr.idc  Regulations  limit- 
^'h-pressure  wires — those  dealt  with  in 
1  in  the  low-pressure  Regulations  there 
ilinary  poles,  200  ft.     The  Regulation  says 
.1  not  be  exceeded  without  the  consent  of  the 
i  of  Trade,  which  simply  means  that  if  one  desires  to 
.  .>.^  .1  longer  span  one  sends  in  drawings  and  gives  par- 
ticulars and  the  application  will  then  be  considered.     But 
.:    do   we   find   in   C.inada  ?     The   author   appears   to 
,   -t  that  under  no  circumstances  can  a  span    under 
ivj  IL  be  justified  on  economic  grounds.    Looking  tlirough 
llio  last  Report  of   the  Ontario  Commission,  I   lind   th.it 
1  ^ift.  IS  a  standard  span  for  low-pressure  wires.     In  this 
C'uiitry  a  verj*  common  sp.-in  for  high-pressure  wires  is 
240 ft     Mr.  Mcrz's  standard  is  240  f<.,  and  so  is  Mr.  Wood- 
house's.      That   is  the   aver.igc   span   for  ordinary   cross- 
country work  for  the  very  moderate  pressures  to  which 
we   work.     I    repeat,  there   is   no  limit  in   the   Board  of 
Trade  Regulations  with  regard  to  spans.     As  a  matter  of 
fact,   there   is   a   span   of    1,420  ft.   in   South    Wales  and 
another  of  .ibout  qu.irtcr  of  a  mile  in  North  Wales.     In 
the  1420  ft.  span  no  alter.ition  h,is  been  made  in  regard 
to  the  type  of  tower  used.     Long  spans  greatly  reduce  the 
cost   of   waylcaves,  as  one  is  able  to  jump  from  hedge 
to  hedge. 
t,,  Mr.  Alfred  Dickis'sov  :  There  arc  two  or  three  things 

*'*'**^  which  I  do  not  interpret  in  the  same  wav  Mr.  Trotter  docs. 
For  inst.ince,  it  is  my  experience  that  volt.ige  makes  very 
!  in  the  cost  of  transformers,  at  any  rate  of 

I  do  not  agree  with  what  Mr.  Trotter  has 
high-tension  work  in  this  country.     What  are 
1  'A  Trade  Regul.itioiis  made  for  ?     I  understand 
thai  they  are  to  protect  the  public.     Having  permitted  a 
fatal  voltage,  I  cannot  sec  any  difference,  so  far  as  injury 
or  death   is  concerned,  whether  the  voltige   is  5,000  or 
loi.ooD.      Permission   to  use  high    voltages  would    assist 
vprv  murh  the  development  of  long-distance  transmission. 
rKK  ;  There  is  no  limit  whatever  to  the  voltage 
;ti  this  country.)     I  think  most  of  the  members 
.1011  that   tlie  Hoard  of  Trade  discouraged 
I   .,     ,  I   would  suggest  that  when  the  Regula- 

lioriv  are  next  under  revision  by  the  Board  of  Tr.ide 
the  new  Regulation*  xhould  be  framed  in  conjunction 
with  thi>  Institution.  My  view  is  that  the  present  Regii- 
■  ■  •       .  .  ■         ■        I      I  do  not  agree  with  Mr.  Trotter 

:ic  in  a  more  slipshod  way  than 
it  I-  1:1  tl.u  c»ju.iliv,  al  ativ  rate  not  in  the  British  Colonics 
Of  in  Indii  A  point  I  wish  to  put  for  Mr.  Trotter's 
it  the  various  electrical  authorities  in 
111  under  the  British  Crown  take  the 
Ikurd  ol  Trade  Krgulatioiis  as  Ihcir  Mandard,  and  they 
will  not  vjrv  I'.niii  I  could  give  instances  where  very 
heavy    u:  cxpcnw:     ha»    had    to    be    incurred 

bccauM    li.i     ,ii]ijiciiitie»   My:    "Tho»c    arc    the    British 


Board  of  Trade  Regulations  and  wc  cannot  vary  them."  Mr. 
If,  when  any  new  Bo.ird  of  Trade  Regulations  are  framed, 
a  short  note  could  be  added  to  the  effect  that  thcv  are  put 
forward  as  a  guidance,  but  that  modifications  are  per- 
mitted to  suit  special  conditions,  it  would  help  people  who, 
like  myself,  arc  doing  work  in  other  countries.  I  agree 
with  wh.it  the  author  says  about  tests.  1  h.ive  in.ide  the 
mistake.  In  future  I  shall  simply  satisfy  myself  that  the 
particular  type  of  apparatus  will  stand  with  the  factor 
of  safety  desired,  Ivjth  mechanical  and  electrical,  bv 
testing  s.-imples,  but  I  shall  not  subject  each  individual 
piece  to  tlic  full  test.  I  shall  be  content  to  test  the 
bulk  to  10  per  cent  above  working  load,  and  in  that 
way  I  think  better  results  in  working  will  be  obtained. 
First-class  high-tension  insulators  can  be  made  in  this 
country,  the  very  best  material  for  the  purpose  lieing. 
available.  High-tension  transmission  is,  in  my  opinion, 
onl}'  in   its  infancy    in   this    country.      I    believe   that  in  1 

a  short  time  a   pressure  of  100,000  volts   or   so   will  not  | 

frighten- people.  It  is  difficult  to  know  what  factor  of 
safety  to  provide  in  tlie  insulators  on  a  transmission  line. 
The  author  showed  to-nighl  an  illustration  of  the  special 
work  at  the  creek  crossing  of  the  Tata  hydro-electnc 
transmission.  In  that  location  of  the  line  the  strong  wind 
carries  the  salt  spray  on  to  the  insulators.  This  calls 
for  more  insulator  discs  than  arc  needed  on  (he  inl.ind 
p.irt  of  the  line.  No  hard-and-fast  general  rule  as  to  the 
factor  of  safety  to  be  provided  can  be  laid  down  ;  the  line 
must  be  dealt  with  in  sections.  On  some  sections  more 
discs  arc  needed  than  on  others.  I  know  of  a  case  where 
for  a  distance  of  125  miles  live  discs  arc  sufficient,  whereas 
when  the  line  approaches  the  coast  eight  arc  required. 
Insulators  are  subject  to  many  strains  not  contempLited  or 
provided  for.  About  the  second  day  after  pressure  was 
put  on  the  Tata  line  a  vulture  Hew  against  a  slack  tele- 
phone wire  and  carried  it  over  the  power  line,  thus 
breaking  the  wire  long  enough  to  4>ermit  the  loose  end 
to  touch  the  earth  as  it  swung  to  and  fro.  I  should  not 
like  to  suggest  what  stresses  were  set  up  in  the  line  by 
the  surges,  but  they  were  enormous.  It  is  very  difficult  to 
build  an  insulator  to  meet  these  conditions.  Although 
I  have  done  it,  I  think  it  is  wrong  in  a  high-tension  line 
to  put  the  telephone  circuit  upon  the  same  towers  ;  many 
difficulties  .irise.  On  the  other  hand  it  is  often  ditVicult 
to  run  the  telephone  line  apart  from  the  transmission  line 
because  of  the  necessity  of  obtaining  another  right  of  way. 

Sir  W.  Si.iNno  :  With  regard  to  the  question  of  spanStW. 
lengths,  the  author  thinks  that  the  150  ft.  span  is  a  relic  of 
telegraph  experience.  He  is  incorrect,  because  our  heavy 
spans  at  the  present  day  are  180  ft.  long.  When  I  speak 
of  "  heavy "  I  mean  lines  carrying  up  to  40,  50,  or  60 
wires  of  weights  v.aryingfroni  150  lb.  to  t>oo  or  Hoo  lb.  per 
mile.  Ten  or  twenty  years  ago  the  spans  were  much 
longer,  and  the  author  can  to-day  sec  many  of  our  spans 
which  .are  70,  So,  <fo,  and  100  yards  in  length  for  mile  after 
mile.  It  is  only  in  very  exceptional  cases  that  wc  use 
these  short  spans  of  150  ft.  The  question  of  ice  to  which 
Mr.  Trotter  has  refetred  i^,  I  think,  important.  I  should 
like  to  give  members  the  bciuhl  of  a  little  experience 
which  was  obtained  more  parliculaily  in  legard  (o  the 
great  storm  on  the  27111  and  2Kth  M.irch,  1916,  when  over 
;^.^oo,ooo  of  damage  was  done  to  the  telegraph  and  tele- 
phone lines  of  the  country  as  a  result  of  snow  and  wind. 
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I  then  found  out  that  not  a  single  wire  weighing  600  lb. 
per  mile  (i.e.  about  5J  S.W.G.)  was  broken  down  by  the 
weight  of  snow  and  ice  or  the  pressure  of  the  wind. 
Wires  of  400  lb.  or  more  per  mile  in  weight  came  down 
owing  to  either  the  poles  or  the  arms  being  broken.  I 
think  that  may  be  a  point  of  some  utility  to  power-trans- 
mission engineers,  who  I  suppose  never  work  with  wires 
of  a  smaller  gauge  than  that.  There  is  one  other  inter- 
esting point  in  connection  with  wind  pressure  to  which  I 
should  like  to  refer.  Ice  which  is  formed  under  peculiar 
climatic  conditions — that  is  to  say,  which  freezes  as  the 
rain  falls — will  sometimes  form  around  the  wire  in  a  shape 
other  tlian  that  of  a  cylindrical  rod.  In  March  1916  there 
were  many  cases  in  which  the  ice  took  the  form  of  a 
horizontal  flat  band,  so  that  the  wind  pressure  upon  it  was 
comparatively  small.  Another  interesting  fact  that  has  been 
noticed  is  that  the  accumulations  of  snow  and  ice  upon  a 
wire  are,  generally  speaking,  independent  of  the  gauge  of 
the  wire,  that  is  to  say,  a  thin  wire  will  get  as  thick  with 
snow  as  a  thick  wire.  We  come  back  to  this  point,  there- 
fore, that  once  we  have  our  wires  strong  enough  to  with- 
stand tlie  wind  pressure  and  the  vi-eight  of  the  snow  and 
ice  which  form  upon  them,  then  we  can  determine  the 
minimum  gauge  of  wire  that  we  must  erect  in  order  to 
secure  immunity  from  breakdown  due  to  wind  and  snow. 
The  Post  Office  started  its  work  with  copper  conductors 
of  100  lb.  weight  and  found  that  every  small  storm  broke 
them  down.  That  was  30  or  more  years  ago.  Then  we 
went  to  150  lb.  as  a  minnnum  weight,  and  that  stands  up 
under  all  ordinary  conditions  ;  200  lb.  weight  generally 
stands  well ;  and  400  lb.  and  over  will  stand  almost  anything. 
I  should  be  glad  if  the  author  would  make  some  reference 
in  his  reply  to  his  experience  with  regard  to  ferro-concrete 
poles.  We  have  not  tried  any  yet,  mainly  because  they 
are  very  expensive  and  because  we  cannot  readily  do  with 
them  what  we  want,  namely,  put  on  12,  16,  or  20  arms.  A 
pole  that  will  carry  one  arm  will  suit  the  purpose  of  most 
traction  engineers,  but  such  a  pole  would  not  be  suitable 
for  telegraph  work.  So  many  conductors  have  to  be  fixed 
that  the  standardization  of  fittings  would  lead  to  consider- 
able difficulties. 

Mr.  A.  Jacob  :  I  do  not  agree  with  Mr.  Trotter  that 
American  and  other  long-distance  power-transmission 
systems  are  unreliable  ;  in  fact,  if  an  analysis  were  made 
of  the  leading  modern  transmission  systems  throughout  the 
world,  I  believe  it  would  be  found  that  the  failures  on  those 
systems  were  not  appreciably  more  numerous  than  those 
in  this  country.  I  believe  that  Mr.  Vernier  stated  in  his 
recent  paper  '■•  that  there  were  some  2,000  miles  of  trans- 
mission in  operation  in  this  countrv,  practically  all  of  which 
is  short-span  work.  This  is  but  a  very  small  figure  com- 
pared with  the  transmission  svstems  of  the  United  States, 
Canada,  Mexico,  Scandinavia,  Italy,  or  France.  On  hydro- 
electric transmission  systems  the  power  transmitted  is 
generally  greater  and  frequently  more  important  than  on 
the  comparatively  small  installations  in  this  country. 
There  has  not  hitherto  been  any  great  need  for  long- 
distance transmission  in  England  as  the  distances  to  be 
covered  have  been  quite  moderate.  When  we  get  power 
transmission  from  the  coal-fields,  and  unrestricted  way- 
leaves  along  the  railways,  I  have  no  doubt  we  shall  come 
to  long-distance  transmissions,  and  we  shall  then  have  to 
*  Journal  I.E.E.,  1917,  vol.  55,  p.  329. 


tackle  the  problem  on  an  entirely  different  basis  from  that  Mr.  jacc 
on  which  it  is  being  dealt  with  at  the  present  moment. 
Not  only  the  engineering,  but  also  the  commercial  side  of 
the  question  has  to  be  taken  into  consideration.  The 
capital  cost  in  any  given  installation  of  transmission  and 
distribution  is  a  very  large  proportion  of  the  whole,  and 
the  cost  increases  very  rapidly  w-ith  increased  factors  of 
safety.  Why,  when  a  factor  of  safety  of  3  is  considered 
sufficient  in  countries  where  the  weather  conditions  are,  if 
anything,  more  extreme  than  here,  is  it  necessary  to  have  a 
factor  of  safety  of  5  in  England  ?  What  I  suggest  is  that 
there  should  be  a  liappy  medium  in  this  matter  and  that 
standards  should  be  adopted  after  very  careful  consideration 
and  analysis  of  existing  practice  throughout  the  world,  and 
that  the  standards  adopted  should  be  international  and  not 
apply  to  Great  Britain  only.  It  appears  to  me  that  it  is  as 
much  the  business  of  the  Institution  as  it  is  of  the  Board 
of  Trade  to  frame  such  regulations.  With  regard  to  the 
question  of  revising  the  Board  of  Trade  Regulations,  I 
should  like  to  call  attention  to  those  recently  issued  by 
Mr.  Evan  Parry,  electrical  engineer  to  the  Government  of 
New  Zealand,  which  are  the  result  of  a  vast  amount  of 
experiment  and  study  and  are  most  practical  and  worthy 
of  close  attention.  The  other  point  with  which  I  should 
like  to  deal  is  the  question  of  conductors.  The  author  has 
practically  ignored  the  existence  of  any  other  conductor 
than  copper.  That  is  probably  due  to  the  fact  that  the 
only  competitor  in  peace  time  is  aluminium,  the  output  of 
which  is  at  present  exclusively  reserved  for  munitions.  In 
Central  Europe,  the  famine  of  copper  and  aluminium  has 
led  to  the  substitution  of  other  metals  for  both  bare  and 
insulated  cables,  more  particularly  iron,  steel,  and  zinc, 
and  very  comprehensive  regulations  and  standards  have 
been  issued  by  the  Verband  Deutscher  Elektrotechniker 
governing  the  use  of  such  substitutes.  In  view  of  the 
anticipated  continued  scarcity  of  copper  after  the  War, 
owing  to  the  enormous  demands  for  the  metal  for  replacing 
that  taken  from  industry  and  households  to  make  muni- 
tions, the  Germans  are  now  considering  more  permanent 
substitutes  and  are  standardizing  the  use  of  aluminium,  not 
only  for  bare  and  insulated  cables,  but  for  windings  of 
electrical  machinery  and  transformers,  for  switchgear,  and 
many  other  purposes.  I  suggest  that  the  V.D.E.  Regula- 
tions governing  overhead  transmission-line  material  merit 
careful  study  by  the  members  of  this  Institution.  The 
latest  development  in  the  use  of  aluminium  is  a  steel-core 
strand,  which  eliminates  many  of  the  early  troubles  with 
aluminium  due  to  increased  sag.  The  world's  longest 
transmission  system,  that  from  Bishop's  Creek  to  El 
Centro  in  California,  a  distance  of  404  miles  at  15,000  volts 
pressure,  employs  such  a  steel-core  strand  with  an  average 
pole  spacing  of  some  650  ft.  The  following  figures  show 
the    superiority   in    mechanical   characteristics    of    steel- 


-Aluminium 

.Aluminium- 
steel 

Copper 

Weight  for  equal  conductivity 

i-oo 

r6i 

2-19 

Diam.            „                  ,, 

i-oo 

1-13 

078 

Strength       „                  „ 

100 

2-17 

1-38 
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Ml  )>  :n  cables  over  those  of  copper  and  all 

of   the   s;imc   electrical   conductivity. 
.i't<  of  measurements  taken  on  a  large 

,    I  >M,!,:,i  i-i  ..vj.....  conductivity  is  ^w  per  cent  greater 
than  for   pure  .iluminium,  but   very  much   less  th.in  for 

'.inical  strength  permits 

:   tension  th.m  for  citlier, 

:;iay  Ih;  .-hoitcr  or   the    sp.ins   longer. 

have  been  in  service  for  a   number 

-h  a  \-ariety  of   loc.ilities  and  under  such 

lis  that  their  efticiency  and  rcliabilitv  have 

been  thoroughly  demonstrated.     The  lantern  slide  shows 

a  method  of  catenary  susptension  where  the  supporting 

wire    is    also    the    feeder    .ind   consists   of    a    steel-core 

.'  ;   iinium  cable,  the  suspended  contact  wire  in  this  cise 

.;  of  steel.     This  makes  an  extremely  simple  ari-angc- 

meiit  of  feeder  and  catenary  and  it  has  been  adopted  on 

the    Canadian    Northern    liailway    for    a    line     recently 

•  J  rpped  near   Montreal.     With  regard    to    the   question 

i.ii^d  by  Mr.  Mordey  as  to  ice  and  snow  on  aluminium 

conductors,  authorities  apftear  to  be  agreed  that  they  do 

not  collect  to  anything  like  the  extent  on  aluminium  as 

on  copper.     Mr.  H.  W.  Buck,  in  a  paper  read  before  the 

■^'    I.ouis  Congress  in  1904.  stated  that  "Aluminium  wire 

vrs    much   less   sleet   than  copper.     This   is    perhaps 

to  the  grease   which   is  absorbed  due   to  its  porous 

■  lies,  in  the  process  of  wire-drawing." 

ii'tk*<.j  Mr.  J.  S.   HiGHUF.LD  :    I    should    like   to  support  what 

Mr.  Trotter   said   about   the   desirability   of   working   for 

security.     I    agree   that    in    some   respects    perhaps   the 

tendency  in  this  country  has  been  to  aim  for  too  great 

>ecurity,  but  on  the  whole  it  has  been  both  for  the  benefit 

of  the  public  and  particularly  for  the  operating  engineer. 

I  prefer  toerron  the  side  of  security.     If  these  l.irge  power 

i   as  we  hope  and  believe  they  will  do,  the 

labihty  of  supply  will  become  incre.\singlv 

Mj  that  I   hope  engineers  in  the  future  will  not 

tig  to  decrease   that  security.      In  general  the 

is  this.     If  we  adopt  the  greatest  security,  the 

I. --i  of  the  whole  installation  is  necessarily  high,  but 

nn  the  other  hand  the  annual  charges  for  maintenance  arc 

low.     If  wc  add  together  the  interest  on  thecapiUil  and  the 

.miuMl  charges  for  rip.urs  and  maintenance,  it  will  be  found 

very  nearly  the  same  in  both  aises,  so  th.at 

.in   tv   no  ipic'.lion    th.it    the  more  secure 

iigh  I  hold  strongly 

.^^  work,  there  are 

where  a   minimum   sum  only  can  be 

,    .,.,^ie  the  cost  of   first-class  work   would 

l<c    quite    prohibitive.     In   Kuch   schemes  risks   must    be 
■     '  with  the  supply  will  neces- 

ller  to  have  nn  inexpensive 
I    at    all.     This 
•re  the  future 
irried  out 
,  ii:  a  more 

•  d  out  on  firtt-claks  engineering 
'  ...  ■•••der  to  facilitate  such  second- 
two  klandards  would  be  of 
the  conductors 
.1.     I  consider 
It  lii  be  au  aUiuitaitk  mcUioJ,  liul  I  lliiiik  the  arrangement 


Ci  is  also  a  very  good  one,  possessing  the  advantage  of  Mt 
keeping  the  cross-arms  as  short  as  possible.  With  that  '* 
arrangement  it  is  necessary  at  given  distances  to  cross 
the  phases  over  so  as  to  keep  them  balanced  ;  a  very 
simple  wire  system  is  all  that  is  neccss;iry,  and  there  is 
a  good  de.-il  to  be  said  for  such  a  simple  arrangement. 
In  using  steel  poles,  particul.arly  in  d.imp  and  warm 
climates,  it  is  very  necess.iry  to  take  great  care  to  protect 
the  metal-work  from  corrosion  ;  and  in  using  tubular  jvjlcs 
it  is  particularly  necessary  to  see  that  the  wliole  of  the 
inside  of  the  pole  is  coaled,  otherwise  destruction,  once 
it  starts,  will  go  on  very  rapidly.  It  is  not  so  easy  to  paint 
the  inside  of  a  pole  as  one  might  think.  Poles  arc  dipped 
before  they  are  sent  out  from  the  works,  but  during  transit 
and  in  course  of  erection  the  paint  gets  displaced,  and  by  . 
the  time  the  pole  is  completely  erected  a  considerable- 
p.irt  of  the  inside  is  not  painted.  The  Cornwall  Power 
Company's  engineers  developed  quite  a  good  way  of 
overcoming  the  diiliculty.  A  hole  was  made  in  the 
bottom  of  the  pole,  which  was  pumped  quite  full  of  paint  ; 
then  the  paint  was  run  out  and  a  perfect  coat  of  paint 
remained  over  the  whole  of  the  inside.  It  is  not  quite 
so  easy  as  it  sounds,  because  there  are  leaks  all  the  way  up 
in  the  tie  bars  and  the  joints.  It  is  necessary  to  blow  the 
paint  in  suddenly,  and  to  do  that  two  tanks  were  used,  one 
cont.iining  paint  and  the  other  containing  air  under  pres- 
sure. Hv  opening  a  cock  between  the  two  tanks  the 
paint  could  be  projected  suddenly  to  the  top  of  the  pole  ; 
by  releasing  the  pressure  equ.iUy  quickly  the  paint  came 
back  into  the  tank.  In  this  way  the  le.ikagc  w.is  reduced 
to  a  minimum  owing  to  the  short  time  the  pole  was  full  of 
paint.  Steel  poles  possess  one  great  advantage  over 
wooden  poles  in  the  great  length  of  span  tlial  can  be 
adopted.  There  is  no  difficulty  in  using  at  least  a  403-fl. 
span  with  them.  Th.it  is  particularly  necessary  in  a 
country  like  Kngland  where  diflicully  is  experienced 
not  only  in  getting  w.iyleavc.^  but  in  finding  places  in 
which  to  put  the  poles  when  one  has  obl.iincd  the  way- 
leaves.  A  farmer  does  not  like  a  pole  placed  in  the 
middle  of  a  field  ;  he  likes  it  placed  in  the  hedgerow  or 
where  it  is  not  in  the  w.iy.  Therefore  there  is  .m  immense 
advanUige  in  being  able  to  work  with  very  long  spans.  I 
should  very  much  like  to  support  what  Mr.  Dickinson 
said  about  testing.  I  am  quite  cert.iin  that  to  test  a  line 
to  an  excessive  pressure  is  a  great  mistake.  It  only  causes 
trouble.  I  think  if  is  much  lielter  to  make  quite  certain 
that  all  the  gear  is  good  by  a  severe  test,  and  then  put 
it  all  up  and  trust  to  the  or<linary  course  of  working  to 
find  out  the  defects,  which  will  very  quickly  be  done.  It 
will  be  found  each  yc\r  after  a  line  has  been  erected  that 
insuLalors  fail,  and.  as  a  rule,  the  earlier  years  always  show 
more  failures  than  the  later.  In  other  words,  in  the 
ordinary  process  of  working,  the  surges  and  rises  of 
pressure  which  necessarily  occur  seek  out  the  defective 
insulators. 

Ml.  ,\.  V.  W.   RiciiMii's:  I   notice  il  1         -  the  Mr. 

temperature  at  which  the  sag  is  to  br  ;    i^   not 

given.     I  presume  the  author  I   ■  mi  to  l>c 

made   for  the  lempcr.iturc  at  .,    1  winds 

may  be  expected  in  each  particular  locality.   Mr.  WcllvMirn, 
in  a  paper  read  Ixrforc  the  Institution  in  i<ji4,*  after  giving 
the   formula   to  ascertain  the  maximum  angle  to  which 
•  J.unMl  l.f.R.,  1914.  >■"'•  H'.  P-  ""•• 
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wires  might  swing,  recommended  that  the}'  should  be 
spaced  at  a  minimum  distance  equal  to  their  sag  at  60°  F. 
That,  I  think,  is  a  very  sound  practice,  and  it  appears  to 
correspond  approximately  to  the  author's  curve  for  the 
smaller  wires,  0-24  in.  diameter.  Does  the  author  con- 
sider 60°  F.  the  correct  temperature  to  assume  for  this 
purpose  in  England  ?  I  should  also  like  to  ask  him  how 
he  has  arrived  at  the  temperature  of  132°  F.  (given  in  the 
top  curve  on  page  418)  as  the  maximum  obtained  in  the 
sun  in  this  country.  Failing  to  find  any  authorized  figure, 
I  generally  take  122°  F.  solely  because  that  is  the  point  at 
which  calculations  are  easiest  to  make,  since  we  neces- 
sarily have  to  find  the  sag  at  22°  F.  as  a  basis.  It  would  be 
an  advantage  to  have  a  definite  ruling  by  the  Board  of 
Trade  on  this  point,  as  it  governs  the  length  of  poles. 
Strictly  speaking,  of  course,  the  sag  due  to  load  on  the  con- 
ductor should  be  added  to  that  due  to  external  tem- 
perature. The  statement  is  made  on  page  417  that  "  from 
the  curves  it  at  once  appears  that  the  larger  the  conductor 
the  longer  is  the  economical  span,"  but  I  do  not  think  the 
author's  curves  on  page  418  bear  this  out.  Though  at 
first  sight  the  statement  may  appear  true  for  steel  poles, 
the  curves  show  clearly  that  the  contrary  is  the  case  for 
wooden  poles,  e.g.  the  most  economical  span  for  three 
small  wires  is  shown  to  be  about  300  ft.,  and  for  the  larger 
size  about  200  ft.  Further,  the  author  has  not  taken  into 
account  maintenance  and  life,  and  I  think  it  is  generally 
agreed  that  in  these  respects  wooden  poles  can  show  an 
enormous  advantage  over  steel  in  this  country. 

Mr.  J.  C.  WiGHAM  :  I  have  been  particularly  interested 
in  the  curves  which  show  the  most  economical  transmission 
line  of  steel  and  alternatively  of  wood  poles  under  the 
Board  of  Trade  Regulations,  giving  for  steel  approximately 
a  400  ft.  span,  and  for  wood  200  ft.  Those  are  the  same 
as  we  arrived  at  in  practice.  These  curves  show  that  even 
with  the  U.S.A.  Regulations  400  ft.  is  the  economic  span 
for  a  heavy  wire.  What  is  the  advantage  of  the  enormous 
towers  shown  in  Fig.  i  ?  If  the  author's  curves  are  correct, 
why  are  such  heavy  transmission  poles  and  long  spans 
adopted  so  much  abroad  ?  One  point  which  is  borne  out 
by  the  paper,  and  which  is  not  generall}'  appreciated,  is 
that  the  factor  of  safety  with  small  wires  must  be  a  great 
deal  higher  than  where  large  wires  are  used.  That  is  why 
the  Post  Office  wires  come  down  in  a  snowstorm  and  the 
electric  power  lines  do  not. 

Mr.  W.  M.  MoRDEY  :  It  would  be  useful  if  in  this  dis- 
cussion we  could  clear  up  the  question  of  the  difference 
between  copper  and  aluminium  overhead  conductors  as 
regards  the  deposit  of  snow  or  ice  on  them.  Mr.  Jacob  in  a 
previous  discussion  quoted  extensive  experiences  in  Norway, 
showing  that  so  long  as  the  aluminium  lines  are  alive,  there 
is  nothing  but  hoar  frost  on  them.  There  have  been  oppor- 
tunities this  winter  of  obtaining  information  on  this  sub- 
ject.* The  only  other  point  I  desire  to  mention  is  a  method 
which  I  have  used  for  testing  insulators.  I  partly  immersed 
them  niverted  in  trays  of  very  slightly  acidulated  water, 
putting  some  v;ater  also  into  the  hollow  of  each  insulator. 
They  were  run  for  many  hours  with  a  little  piece  of  copper 

*  AiUh-d  later. — See  discussion  on  Mr.  Wclbourn's  p.iper.  Journal 
I.E.E.,  1914,  vol.  52,  pp.  222-3.  Resnlting  from  that  discussion,  Mr.  W.  B. 
Woodhouse  put  up  experimental  copper  and  aluminium  conductors  for 
observation.  He  now  writes  to  me  as  follows  : — "  The  observations 
we  have  been  able  to  make  have  not  been  at  all  conclusive.  Up  to  the 
present  I  can  only  say  we  have  noticed  no  difference." 


wire  hanging  in  each  cup  as  an  anode  on  a  2,000-volt  con-  Mr. 
tmuous-current  Circuit.  This  generally  produced  m  a  small 
proportion  of  the  cups  a  slightly  blue  coloration,  showing 
that  a  small  current  had  passed,  enough  to  colour  the  liquid 
with  a  copper  salt.  In  that  way  insulators  were  weeded 
out  which  appeared  by  ordinary  tests  to  be  perfectly  good. 
Whether  they  would  have  broken  down  on  the  line  sooner 
than  the  others,  I  do  not  know. 

Mr.  C.  P.  Sparks  :  I  had  some  early  experience  of  over-  ^i''-  Spar! 
head  transmission  and  therefore  heard  with  interest  the 
remarks  by  Mr.  Trotter  and  Mr.  Highficld  in  regard  to 
Bond-street.  I  was  assistant  to  Mr.  Ferranti  over  30  years 
ago  when  overhead  wires  were  first  erected  in  London  for 
electricity  supply.  Why  were  they  used  ?  At  that  time  if 
cables  were  put  underground  the  undertaking  was  pur- 
chasable after  21  years.  We  were  obliged  therefore  to 
put  the  lines  overhead.  For  the  safety  of  the  public, 
insulated  wires  were  used,  hut  it  was  soon  found  safe  to 
operate  with  bare  wires.  The  wires  were  not  only  erected 
in  Bond-street  but  extended  in  the  direction  of  the  City, 
Hampstead,  and  Kensington,  and  quite  a  comprehensive 
scheme  was  worked   out  by  Mr.  Ferranti.     He  was  not 


,v'T>'-« 


Fig.  a. — .\ngle  pole. 

satisfied  with  what  was  then  thought  to  be  the  high 
pressure  of  2,500  volts,  and  we  were  putting  up  over- 
head bare  lines  to  operate  at  10,000  volts  when  legislation 
was  passed  giving  us  a  franchise  for  42  years.  That  is 
what  stopped  the  erection  of  overhead  wires  in  London. 
I  should  like  to  show  on  the  screen  some  views  of  an 
overhead  line  with  which  I  have  been  concerned  in  South 
Wales.  I  read  a  paper  before  the  Institution  a  little  more 
than  two  years  ago  on  "  Electricity  Applied  to  Mining,"  * 
in  which  I  mentioned  that  the  Powell  Duffryn  Steam  Coal 
Company  were  erecting  over  the  Welsh  hills  an  inter- 
connecting line  between  9  and  10  miles  long  to  operate  at 
30,000  volts.  I  believe  that  is  one  of  the  lines  to  which 
Mr.  Trotter  alluded,  and  it  came  into  service  in  October 
last.  This  overhead  line  connects  the  collieries  in  the 
♦  Journal  I.E.E.,  IQIS,  vol.  53.  p.  389. 
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Mr  v^ria.   ASfTHirp  and  Rliymncy  Vallc>-s,  which  are  supplied  from 

:is  working  in  parallel  having  a  tola!  capacity  of 

t!iiv  equipment  consisting  of  turbo-alternators 

and  s,  one  of  the  stations  being  equipped  with 

live-^> .w,l>o-alternators,  the  others,  in  order  to  utilize 

the  waste  heat  from  coke  ovens,  with  gas  engines  and  also 

•.turbo-alternators.     The  output  of  this 

ir  was  75  million  units.     The  line  is 

.>i  I..!  a  working  pressure  of  30,000  volts  and  is 

t    supplied    through    three    i.20o-k.v.a.    step-up 

.rs.     The  line  constructed  on  the  Mcr/.-Hunter 

-c  vystem  consists  of  six  o*o7-i-sq.  in.  (7/1 1  S.W.G.) 

stranded  copper  conductors,  the  phases  being  5  ft.  ap.irt 

vertically  and  the  two  "splits"  of  each  ph.ise  being  at 

4  ft.  horizontal  centres.    The  conductors  arc  carried  on 

pin-type  insulators  mounted  on   three  channel  irons,  the 

latltr  being  protected  by  insulated  sleeves  to  prevent  birds 

the  protective  geir.     Steel  poles  of  the  "  Kav  " 

Fig.  Ai  with  lattice  masts  in  special  locuitions 


Kio.  B.— Cpi»»ing  G.P.O.  trunk  telegraph  lines. 


ved,  the  average  length  of  span  on  str.-iight  runs 

II.  and  the  maximum  span  5K5  ft.     For  crossing 

iiul  the  I'o-I  Office  lines  a  special  construction 

ng  is  employed  I  Kig.  H).     In  the  case  of  crossing 

the  lines  of  the  South  Wales  I'owcr  Company  and   the 

Mcrlhyr   Tramways    Company   a  simple    construction    is 

u»ed,  consisting  of  an  independent  earthed  screen  carried 

on  four  wofidcn  poles.     A  continuous  earth  wire  of  copper, 

7  n  S.W.fi.  is  carried  on  a  flexible  clip  fixed  belnw  the 

■me    and    ■  the    metal-work    of    the 

Fsch  li..  :i  pull-  has  four   galvan- 

■'■^  wilh  .■(lilitiiinal  c.irlh-plales  at  each 

ic  of  the  line.     I-or  the  substation  con- 

.in«l  (or  a  length  of   half  a  mile  in  the  centre 

(i.iix  t  iiLiiliird  armoured  cable  is  u.icd.     The 

■n  i<  carried  on  a  separate  route. 

■  1  ■■  .irc  employe<l,  the  capacity  of  the 

.ind   the  choking   effect  of   the   tranv 

tormcn,  w filth  have  tpccially  intulated  end-turns,  being 


relied    upon    for    damping    down    any    excess    pressure  Mr.  Sp»iit 
waves. 

Mr.  J.  W.  AsTl-EV  (communtcaled):  The  advisability  or  Mr.  Attir 
otherwise  of  placing  an  unyielding  substance  at  the  base 
of  the  mast  depends  of  course  on  the  nature  of  the  soil  to 
which  the  stresses  have  to  be  transmitted  and  the  extent 
to  which  movement  must  be  limited  in  order  to  retain 
alignment.  The  horizontal  pressures  at  the  foundation 
may  be  reduced  by  incrcising  the  deptli  of  structure 
below  ground-level.  Therefore,  if  movement  takes  place 
at  ground-level  the  point  of  re.iction  automatically  falls  to 
a  lower  level  until  it  reaches  an  unyielding  substance 
which  will  support  it.  The  distance  between  the  reaction 
at  ground-level  and  the  root  of  the  pole  being  reduced, 
their  values  are  increased.  Therefore,  contrary  to  the 
author's  statements,  it  appears  to  be  desirable  to  limit, 
the  horizontal  movement  of  the  structure  .at  the  ground- 
line  to  that  which  takes  place  when  the  foundation  beds 
itself  on  the  first  application  of  the  load.  The  case  of 
failure  whicli  is  attributed  to  this  movement  at  the  ground- 
line  being  resisted  could  more  reasonably  be  said  to  be 
due  to  the  inability  of  the  bracing  to  withstand  the  greater 
shearing  stress  below  ground-level,  but  it  is  hardly  con- 
ceivable that  with  a  concrete  foundation  a  failure  such  as 
that  indic;tted  would  occur,  as  the  bracings  would  then 
be  relieved  of  the  cvcessive  shearing  action.  For  equal 
heights  and  loads  it  is  quite  probable  that  up  to  a  certain 
height  the  narrow-base  structure  is  more  elVicienl  than  the 
wiilc-base  structure,  when  reckoned  in  terms  of  cost. 
When  erecting  iqsulators  of  the  Cordeaux  screw  type,  I 
have  often  screwed  on  the  insulator  with  a  tap  of  spun 
hemp  in  the  threads,  and  all  the  insulators  I  have  erected 
in  this  manner  are  quite  s^itisfactory.  My  firm  has,  how- 
ever, carried  the  idea  of  hemp  attachment  to  a  very  high 
state  of  perfection.  The  method  of  accomplishing  this  is 
somewhat  as  follows  : — The  thread  within  the  insulator  is 
screwed  six  threads  per  inch  and  the  stalk  is  screwed 
to  the  same  pitch,  but  its  external  diameter  is  made 
slightly  less  than  the  internal  diameter  of  the  hole  in  the 
porcel.ain.  A  hole  is  provided  in  the  spindle  at  the 
bottom  of  the  "  V "  of  the  end  thread  for  cord  attach- 
ment. H.ard  tarred  hemp  of  approxim.ately  3/16  in. 
diameter  is  titled  into  the  hole  and  then  wound  around 
the  spindle  into  the  "  V "  of  the  thread.  The  spindle  is 
then  wound  into  the  insulator,  the  hemp  acting  as  the 
male  thread.  Hy  this  method  the  hemp  is  forced  into 
"V's"  between  the  internal  and  external  threads  and 
becomes  very  solid.  Tests  conducted  on  insulato.'s  of  a 
small  type  lilted  in  this  manner  broke  down  at  a  mechani- 
cal stress  of  6,500  lb.,  and  examination  showed  that  the 
hemp  in  the  unbroken  porcelain  was  still  quite  firm. 
Kxperiments  with  hemp  applied  in  this  manner  have 
gone  to  show  that  the  hemp  can  be  arranged  to  give 
ct)ual  rcNults  to  the  tensile  strength  of  the  melal  em- 
ployed. Fig.  C  herewith  illustralcs  the  method  of 
applving  the  hemp  to  the  Cordeaux  type  insulator.  The 
author  points  out  that  under  certain  tests  no  trouble 
occurs  through  expansion  and  contraction,  and  cites  a 
method  of  conducting  such  a  test.  I  h.trdly  think  that 
the  test  is  correct  for  the  working  conditions  which  have 
to  be  fulfilled,  Messrs.  K.  K.  F.  Crcighton  and  P.  K. 
Hosegood  of  the  consulting  engineering  dep.irtment  of 
•  pAtrnt  No.  S,J4t,  Igl6. 
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the  General  Electric  Company,  U.S.A.,  in  an  article  in  the 
Gaum!  Electric  Review  for  June  1916,  point  out  that  the 
majority'  of  failures  of  insulators  on  transmission  lines 
have  been  due  to  two  causes,  viz.  cracks  and  porosity. 
They  state  that  "the  cracked  porcelain  is  due  primarily 


FiG.  C. — Cordeaux  type. 

to  the  unequal  expansion  of  metal  and  porcelain  coming 
from  the  fact  that  the  iron  has  a  coefficient  of  expansion 
about  twice  as  great  as  porcelain.  This  trouble  does  not 
show  up  during  the  early  months  of  use  of  the  porcelain 
because  the  Portland  cement  has  not  yet  hardened  suffi- 
ciently to  transmit   the  strains."     It  was  to  combat  this 


Fig.  D. — Suspension  type. 

trouble  and  to  provide  a  ready  means  of  renewing  a 
damaged  insulator  that  this  tarred  hemp  method  of 
attachment  was  introduced.  The  method  is  shown  more 
clearly  in  Fig.  D.  I  might  add  that  there  is  no  difficulty 
in  obtaining  the  required  mechanical  strength,  and  the 
resilience  of  the  tarred  hemp  is  sufficient  to  provide  for 
the  coefficient  of  expansion  in  any  climate. 

Mr.  E.  Blakemore  {communicated) :  From  the  introduc- 
tion to  the  paper  it  would  appear  that  the  author  is  urging 
English  engineers  to  exert  themselves  to  take  up  foreign 
trade  relating  to  transmission  of  electric  power,  and  with 
this  end  in  view  it  would  be  of  great  interest  if  he  would 
give  us  some  information  on  the  following  points  : — 
(a)  Rights  of  way,  etc.,  in  various  countries.  (6)  Life  of 
various  woods  when  used  for  poles  in  different  climates, 
(c)  Maximum  fall  of  rain,  pressure  of  wind,  etc.,  in  various 


countries,     (d)  Method  of  maintaining  a  good  earth  along  Mr. 

...  .      ,  ,    .  7,   „,      ,,  ,       .       BLikemor 

the  pole  hne  m  tropical  countries,     (e)  Would  a  shorter 

pole  decrease  lightning  effects  on  lines  in  the  tropics  ?  In 
view  of  the  recent  discussions  on  linking  up,  I  cannot  see 
why  we  should  require  in  this  country  so  high  a  pressure 
as  100  kilovolts.  With  regard  to  the  great  height  of  poles 
abroad,  was  this  brought  about  by  the  cart  drivers  using 
very  long  whips  or  was  it  to  avoid  tree-cutting  and  ground- 
levelling  ?  I  firmly  believe  that  to  keep  to  the  triangular 
spacing  is  of  great  importance  in  this  country,  and  dis- 
cussions of  recent  years  go  to  prove  that  telephonic  inter- 
ference does  take  place  when  the  wires  are  spaced 
otherwise.  Of  course  in  countries  which  are  only  just 
being  developed,  the  triangular  spacing  is  not  so  necessary 
and  telephones  belonging  to  the  power  supply  authorities 
can,  and  should,  go  along  a  separate  track,  and  then  when 
failures  of  the  line  wires  take  place  the  telephones  neces- 
sary for  quick  replacement  of  wires,  etc.,  are  not  involved, 
as  would  be  the  case  with  the  tower  shown  in  Fig.  i.  I 
should  like  to  draw  the  author's  attention  to  the  channel 
irou  cross-arm  in  Figs.  8  and  ii  ;  surely  this  is  the  wrong 
way  for  a  terminal  pole.     If  placed  as  "  a  "  in  Fig.  E  here- 


FiG.  E. 

with  the  bolts  are  longer  than  necessary,  and  with  the 
heavy  pull  to  which  the  cross-arms  are  subjected  the 
flanges  will  cut  into  the  wood  of  the  pole.  If  put  as  "  b  " 
in  the  same  figure,  then  all  the  pull  comes  on  the  bolt 
heads.  With  reference  to  Fig.  9,  I  read  that  the  econo- 
mical limit  of  pin  insulators  is  72,003  volts  not  66,000  volts. 
With  reference  to  the  design  of  insulators,  on  page  424  the 
author  says  that  an  insulator  should  be  so  balanced  that  it 
does  not  depend  upon  corona  to  relieve  overstressing,  and, 
on  the  same  page,  tliat  well-designed  insulators  are  recog- 
nized by  the  small  amount  of  corona  just  before  breakdown. 
Does  he  mean  that  the  less  the  corona  formation  before 
flash-over,  the  better  the  insulator  ?  Also  can  he  give 
some  information  as  to  what  effect  the  climate  has  upon 
the  design  of  insulators,  i.e.  whether  an  insulator  designed 
for  100  kilovolts  in  America  would  or  would  not  be  used 
for  the  same  voltage  in  Africa  ?  I  do  not  agree  entirely 
with  his  remark  on  page  424  that  high-tension  insulators 
must  be  designed  to  withstand  the  rapid  oscillations  set  up 
by  lightning.  If  this  is  necessary  with  high-pressure  insu- 
lators why  not  with  low-pressure  ones  ?     He  partly  admits 
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Uiai   low-pressure  insulators  do  not   need  it.     I   cannot 

■  'less  it  is  that  he  is  spe.jking  from  the 

•w-prcssure  lines  .ire  >hortcr  and  therc- 

-k  by  lightning.     I  take  it  th.it 

when  he  speaks  of  "Joulean" 

if>>c>.     Uii  paj»c  ^19  he  ia\-s  stress  on  the  importance  of  tlie 

resistance  of  the  water  used  in  spray  tests.     I  agree  that 

very  different  results  are  obtained  with  different  qu.-ditics 

of  water,  but  I  should  like  to  know  in  what  district  distilled 

water  approximates  to  rain  water.     Certainly  not  in  the 

I'ottcrics.     Mr.  Digby  in  the  discussion  on  .\Ir.  Lustg.irtcns 

paper  on  "  HorceLiin        said  that  "  Manchester  tap  water  is 

■1  Manchester  rain  water."     Would  the  author  say 

ct  the  velocity,  etc.,  of  the  water  h.is  upon  tlic 

.  :i  vclLige,  also  what  thickness  of  porcelain  can, 

c  newer  methods  of  manufacture,  be  thoroughly 

vitnficd.    This  would  be  of  particular  interest  to  engineers 

who  design  their  own  insulators  for  various  purposes  other 

than  overhead  work.     Will  he  also  give  the  usual  ratio 

between  flash-over  and  puncture  voltages. 

Mr.  E.  S.  Bv\G  (communicalcii]  :  I'nder  Section  3  of  the 
paper,  dealing  with  the  "  particular  design  of  transmission 
line   material  "  the  author  refers  to  the  v.irious  types  of 
poles  in  use,  but  his  remarks  are  confined  to  wood,  tubular, 
and   lattice    steel.      As   this    paper   will   undoubtedly   be 
referred  to  as  representing  the  most  up-to-date  methods 
of   line  construction,  perhaps  some   reference  should  be 
made  to  the  latest  developments  in  reinforced  concrete 
poles  which  are  now  coming  to  the  fore.     The  points  to 
l>c   considered   in   comparing   the   different    methods    of 
■:')n  are  :  (a)  Cost  of,  and  facilities  for  obtaining, 
:  (61  cost  of  manufacture  ;  (c)  transport  ;  (</)  cost 
of  erection  ;  (e)  maintenance  ;  ( /)  life  of  poles  ;  (g)  insu- 
lation  propterties.      In   the  case   of   wood  poles  the  cost 
of  timber  is  going  up  by  leaps  and  bounds,  and  in  view 
of    the   rapid   depletion    of    the   forests,   p.irticularly   on 
account  of   the  abnormal  demands  during   the  past  two 
and  a  h.ilf  years,  it  is  exceedingly  doubtful  whether  stout 
wootlen   poles  above  45  ft.   will    he   obtainable   after   the 
War  at  anything   like  a  commerci.al    figure.     The  many 
advantages      of      ferro-concrefe      for      girders,      beams, 
columns,    etc.,   have   been  appreciated    for    some    years, 
hut    the    weight    of     concrete    h.is    hitherto     practically 
prohibited  this  system  from  being  utilized  more  generally 
for   overhead  transmission  routes.     In  the  latest  develop- 
ment of  (crro-concrcte  poles  there  are  at  least  two  or  three 
manufacturers  in  this  country  who  have  .idopted  a  hollow 
foim  of  pole.     These  are  of  various  cross-sections,  some 
"  round,  and  others  triangular,  but    in 
•A  i»  the  same,  nanu-ly,  to  Ic.ivc  out  the 
where    it    is  not    required    for   the   strength   of 
The  weight  of  concrete  as  compared  with  a 
up  to  about  4f;  ft.  is  thcrebv  reduced  to  approxi- 
■   '''^rd,  and  in  poles  of  greater  height  this  reduc- 
'vcn  more.     Some  three  or  four  weeks  ago 
i      '1  .1  ome  ferro.concretc 

polc«  at  '  I  III  in  loio.     These 

liut   up  lu  II  '  ihcv  liavr 

wnv  nnri   in   t  u    to  havi 

ei  III  question  were 
..  „   '.  16  in.  M]uare  at  (he 

bMC,  tapering  to  H  in.  vpiarc  at  the  top.    It  was  understood 

•    'lourm.it  l.tM.,  i<)ll,  »-ol.  40,  p.  i»l. 


that  a  similar  pole  had  been  tested  to  destruction  and  with-  Mr.  B>-ns. 
stood  a  horizontal  pull  at  the  top  of  90  cwt.  before  col- 
lapsing. One  of  the  chief  point-,  about  these  ferro-concretc 
poles  is  the  density  and  uniformity  of  the  concrete.  This 
is  obtained  bv  a  special  method  of  manulnclurc  consisting 
of  an  oscillatorj'-vibratory  motion  applied  to  the  moulds 
whilst  the  poles  are  being  manufactured,  but  before  the 
"initial  set"  occurs.  The  patentees  of  this  system  con- 
tend that  as  the  concrete  is  perfectly  homogeneous  and 
impervious  to  moisture  the  pole  after  erection  is  practically 
indestructible.  .\  further  advantage  claimed  for  hollow 
poles  is  that  the  design  and  construction  allow  for  any 
number  of  br.ickcts  or  arms  to  be  attached  after  erection. 
There  would  appear  to  be  no  difticully  in  now  obtaining 
poles  to  any  height  required  for  power  transmission,  as 
one  firm  are  preparing  designs  for  wireless  telegraph  masts 
of  ne.irly  700  ft.  height  for  use  after  the  W.ir.  In  a  paper  by 
Mr.  J.  Orchiston  on  "  Telcgrapli  Poles  in  New  Zealand,"'" 
it  is  stated  that  over  3,000  concrete  poles  h.-id  been  recently 
erected  in  New  Zealand  and  these  h.ad  proved  a  great 
success,  although  one  objection  to  their  extended  use  was 
the  question  of  transport.  This  is  certainly  a  factor  which 
has  operated  in  the  past  against  the  use  of  ferro-concrcle 
poles  for  power-transmission  work  where  poles  of  con- 
siderable height  are  frequenllj'  required,  but  this  dilTiculty 
has  been  overcome  to  some  extent  by  the  reinforcement 
being  designed  so  that  it  can  be  put  together  and  the 
structure  made  on  site.  The  amount  of  steel  reinforce- 
ment is  approximately  only  one-third  of  the  weight  of  steel 
used  in  an  equivalent  pole  of  all-steel  construction,  there- 
fore the  weight  of  material  (steel  and  cement)  to  be  trans- 
ported to  convenient  places  for  manuf.aclurc  at  intervals 
along  the  route  would  be  considerably  less  tlian  that  of  an 
all-steel  pole  (cither  tubular  or  lattice  work).  A  suitable 
aggregate  for  the  concrete  can  generally  be  found  in  the 
immediate  vicinity,  and  as  this  represents  by  far  the 
greater  proportion  of  the  material  required,  the  freightage 
is  consequently  reduced  to  a  minimum.  In  these  circum- 
stances the  initial  co>t  of  fcrro-concrctc  poles  now  compares 
favourably  with  that  of  any  other  type  of  construction, 
although  this  would  not  be  of  first  importance  if  the 
annual  charges  were  equ.itcd  when  working  out  the 
economics  of  the  alternative  proposals.  In  the  case  of 
the  former  the  maintenance  and  ileprcciation  charges 
would  be  practically  nil,  but  in  either  wood,  tubular,  or 
lattice  work  poles  these  arc  quite  an  appreciable  item, 
particularly  in  the  case  of  the  latter  wliere  the  framework 
h.as  to  be  painted  at  frequent  intervals  in  order  to  prevent 
corrosion  which  would  otherwise  quickly  occur. 

Mr.  S.  Ddxkis  iiiiiiiiiiiiiiuatriii:  The  curves  given  on 
page  4iS  arc  very  valuable  and  show  in  a  very  clear  m.inncr 
iiow  the  most  economical  span  for  any  power  line  can  be 
obtained.  I  have  checked  an  existing  extra-high-tension 
power  line,  for  which  my  firm  were  responsible,  on  Salis- 
bury Plain,  in  accordance  with  the  methods  employed  by 
the  author,  and  I  find  that  although  I  am  able  to  agree 
with  his  statements  on  page  417,  neverlhclc'is,  an  economi- 

111  of  joo  ft.  is  obt.iiiiable  willi   1 

ii.il   area   on   a    three-phase    ; 
telephone   wires  and   an    earth    wiic. 
chosen   was  200  ft.      This  result   is   no 
schedule  of  prices  of  poles,   the  prices  of   higher   poles 

•  J.'iiniiil  I  K.E  .  iqiy,  vol.  55,  p.  aj5. 


Mr 

llonkin. 


i  nf  o'l  sq.  in. 

11    line   with 

1  iie    actual   span 

doubt  due  to  the 
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increasing  at  a  greater  rate  tlian  shown  b}-  the  author. 
The  curve,  however,  is  almost  horizontal  between  a  span 
of  200  ft.  and  one  of  300  ft.,  showing  that  it  would  be 
equall)'  economical  to  use  either  of  these  spans.  As  this  is 
a  condition  which  may  often  arise  in  working  out  economi- 
cal spans,  it  would  appear  to  be  a  proper  generalization 
that  the  shorter  span  should  then  be  chosen,  as  it  has  the 
effect  of  making  the  whole  line  less  likely  to  break  down, 
that  is,  it  increases  the  factor  of  safety.  Very  little  is  said 
in  the  paper  in  connection  with  pin-h-pe  insulators,  but  as 
this  type  is  very  largely  used  and  will  probably  continue  to 
be  adopted  for  lines  of  medium  pressure,  it  w'ould  appear 
desirable  that  some  rule  should  be  made  as  to  the  factor 
of  safety  on  the  insulator  pin  itself.  It  is  impracticable  to 
make  the  pin  large  enough  and  strong  enough  to  stand  the 
stress  due  to  the  load  on  one  span  under  Board  of  Trade 
conditions  if  it  is  assumed  that  the  span  on  the  other  side 
is  broken.  A  strength  that  has  proved  satisfactory  in 
practice  is  to  have  the  pin  stressed  up  to  its  elastic  limit 
with  the  Board  of  Trade  load  on  one  span  when  the 
neighbouring  span  is  broken,  and  to  make  the  pin  of  mild 
steel  so  that  it  will  bend  and  the  maximum  stress  be  imme- 
diately released.  With  such  an  arrangement,  however,  it  , 
has  been  found  desirable  to  anchor  the  conductor  wires  at 
every  five  spans  on  shackle  insulators,  looping  the  con- 
ductor between  the  two  shackles  so  that  any  bad  derange- 
ment of  conductors  is  always  limited  to  a  length  of  five 
spans,  the  poles  at  every  five  spans  being  sufficiently  stayed 
in  both  directions  with  stay  wires  to  hold  up  the  line  if  all 
the  conductors  are  broken  on  one  side  of  it. 

Mr.  J.  A.  MoRTOX  (communicated)  :  With  reference  to 
the  necessarv  clearance  between  conductors  to  prevent 
the  same  swinging  together,  it  is  evident  that  Fig.  3  is 
based  on  the  Board  of  Trade  wind  pressure  of  25  lb.  per 
sq.  ft.  and  that  the  diameters  of  conductor  given  are  not 
diameters  of  solid  conductors  but  refer  to  stranded  con- 
ductors. It  would  have  been  better  if  the  conductor  sizes 
were  stated  in  sectional  areas.  For  instance,  a  o"505  in. 
diameter  conductor  is  evidently  a  0'I5  sq.  in.  copper 
strand,  and  the  0'4I5  in.  conductor  a  o'l  sq.  in.  strand. 
I  consider  that  the  spacing  between  two  horizontal  con- 
ductors should  be  equal  to  the  swing  from  the  vertical 
calculated  at  minimum  temperature  with  the  maximum 
wind,  i.e.  under  the  assumed  worst  conditions,  which  in 
England  are  those  laid  down  by  the  Board  of  Trade,  viz. 
25  lb.  per  sq.  ft.  wind  pressure  at  22°  F.  In  the  case  of 
two  w'ires  in  the  vertical  plane,  the  clearance  of  i  ft.  per 
100  ft.  of  span  given  by  the  author  is  a  good  rule  ;  I 
generally  make  this  vertical  clearance  half  the  horizontal 
clearance,  which  has  been  found  to  be  a  safe  figure.  I 
consider,  however,  tliat  instead  of  arranging  six  con- 
ductors as  in  Ci  (Fig.  2)  the  two  middle  conductors 
should  be  spaced  slightly  further  apart  than  the  two  top 
and  bottom  conductors,  which  would  give  a  compressed 
form  of  B2  in  the  same  figure.  This  adds  a  little  to  the 
length  of  the  middle  cross-arm,  but  helps  to  prevent 
fouling  by  snow  loads.  The  clearances  laid  down  by 
the  author  in  Fig.  3  are,  I  take  it,  intended  for  use  with 
pin  insulators  and  not  with  suspension  insulators,  which 
can  themselves  swing  out  of  the  vertical  under  windage 
stress.  If  suspension  insulators  arc  used  I  consider  that 
in  addition  to  the  theoretical  horizontal  clearance 
calculated    for     use    with    pin     insulators     the     spacing 


should     be     increased    by    the    length    of    one    suspen-  Mr. 

1.  r        ii_  c    iu  Morton, 

sion  strmg  so  as  to  allow  for  the  swmg  of  the  sus- 
pension insulators.  For  the  same  reason  the  horizontal 
distance  between  a  conductor  and  the  pole  or  mast  should 
be  such  that  a  minimum  clearance  is  given  when  a  sus- 
pension insulator  has  swung,  say,  45°  from  the  vertical.  If 
this  swing  is  not  allowed  for,  then  it  might  come  about  that 
the  conductor  would  touch  the  pole  in  a  heavy  wind  when 
carried  by  this  pattern  of  insulator.  With  regard  to  the 
comparison  of  assumed  wind  and  ice  loadings  in  which  the 
author  compares  the  factors  of  safety  used  in  Great  Britain, 
U.S..\..  and  Canada,  I  think  there  is  something  wrong  with 
the  figures  given.  The  Board  of  Trade  wind  pressure  of 
25  lb.  per  sq.  ft.  is  assumed  to  be  the  pressure  on  a  plane 
surface  and  is  equal  to  25  x  o-6=  15  lb.  on  the  projected 
area  of  the  conductor.  The  U.S.A.  and  Canadian  wind 
pressures  of  8  lb.  and  11  lb.  per  sq.  ft.  respectively  are  the 
windages  on  the  projected  area  of  the  wire  and  should  not 
be  compared  with  the  25  lb.  per  sq.  ft.  in  the  Board  of 
Trade  rule,  but  with  15  lb.  per  sq.  ft.  This  would  make 
the  resultant  load  in  the  U.S.A.  case  1-35  lb.  per  ft.  instead 
of  I '05  given  by  the  author,  and  in  the  case  of  Canada 
i"32  lb.  per  ft.  instead  of  i"035  lb.  This  means  that  com- 
pared with  our  factor  of  safety  of  5  in  England  their  factor 
of  safety  is  nearer  2|  than  3.  With  regard  to  the  author's 
remarks  regarding  the  Board  of  Trade  factor  of  safety  for 
conductors,  it  might  be  pointed  out  that  in  calculating  the 
erection  sags  according  to  the  Board  of  Trade  Rules  the 
sag  under  the  worst  conditions  of  22°  F.  and  25  lb.  wind 
pressure  is  calculated  and  then  the  corresponding  erection 
sag  has  to  be  worked  out  at,  say,  a  temperature  of  60°  F. 
without  wind,  to  get  the  erection  sag  under  normal  condi- 
tions. The  Board  of  Trade  Regulations  state  that  the 
elasticity  of  the  wire  should  be  ignored,  although  I  do 
not  understand  the  logic  of  this.  For  instance,  taking 
a  Q-i  sq.  in.  conductor  with  a  200  ft.  span,  the  sag 
under  the  worst  conditions  comes  out  at  about  2-8  ft., 
and  the  corresponding  erection  sag  at,  say,  60°  F. 
without  wind  would  be  3  ft.  That  is  to  say,  if  the 
wire  is  erected  at  60' F.  with  a  3  ft.  sag,  then  under 
the  Board  of  Trade  worst  conditions  the  sag  would  be 
2-8  tt.  as  called  for  by  the  Regulations.  If,  however,  the 
elasticity  of  the  wire  is  ignored,  then  the  corresponding 
erection  sag  at  60°  would  come  out  at  3-64  ft.,  and  this  is 
larger  than  is  necessary  to  give  the  factor  of  safety  of 
5  under  the  worst  conditions.  That  is  to  say,  the  Board  of 
Trade  worst  conditions  are  never  actually  reahzed,  and 
the  wire  would,  at  22°  F.  and  25  lb.  wind  pressure,  have  a 
factor  of  safety  considerably  over  5  ;  in  this  case  it  would  be 
nearer  to  6,  owing  to  the  elasticity  being  ignored  in  calcu- 
lating the  erection  sag.  Referring  to  Fig.  6  giving  the 
costs  of  steel  and  wood  supports,  it  seems  to  me  that  the 
cost  of  erection  should  be  included  to  get  a  proper  com- 
parison. In  the  case  of  a  wood  pole  the  erection  usually 
costs  much  less  per  pole  than  in  the  case  of  a  steel  mast, 
because  the  latter  requires  painting  after  erection,  and  may 
require  foundations  (depending  on  the  type  of  base),  and 
these  should  be  taken  into  account  in  making  comparisons. 
Strictly  speaking,  however,  it  is  not  correct  to  base  these 
comparisons  merely  on  the  capital  cost.  The  annual 
charges  are  different  on  steel  and  wood  poles  even  if  it  is 
assumed  that  the  length  of  life  is  the  same  in  each  case,  so 
that  instead  of  the  capital  costs  being  compared  it  would 
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be  more  correct  to  compare  the  annual  charges,  consisting 
of    interest,    i'  n.    maintenance,  and   waylcaves. 

Hrwcvcr.  for  .■  .'.c  purposes  the  author's  nii-thod  of 

n    i>   very    useful,    though    it    probably    unduly 
■  lie   steel   pole   as   against   the   wood    pole.     The 
author  mentions  that  "a  span  of  150  ft.  appears  never  to 
be  justified  on  economic  grounds."  this  statement  being 
based  on  the  use  of  A-poIcs,  and  I  think  that  in  many  cases 
where  the  lines  are  sufficiently  light  for  single  wood  poles 
to  he  used    150   ft.   will   be   found  an   economical   span. 
The  author  is  rather  in  error  in  stating  that  earth-wires 
are  never  flexibly  supported.     It  has  been  the  practice  of 
my  firm  for  some  years  to  carry  the  earth-wire  on  a  small 
insulator,  the  c.irth-wirc  l>eing  bound  to  this  insulator  by  a 
flexible  binder  just  as  is  done  in  the  case  of  the  line  wires 
themselves,  in  order  that  the  earth- wires  shall  not  suffer 
from  cr^'Stallization  any  more  than  the  line  wires.     Refer- 
ring to  his  remarks  on  "  Loads  at  Angle  Poles,"  it  is  true 
that  when  calculating  the  resultant  angle  lo.id  the  actual 
longitudinal  stress   in   each   of   the    two   adjacent    spans 
should    be    taken    because    the   maximum   wind   pressure 
cannot   come   on   both   the   spans ;  but   this   is   rather   a 
rclinement.     As  a   matter  of  interest    I    worked  out  two 
particular  cases  and  found  that  in  working  out  the  stress 
for  an  angle  of  105   the  theoretical  correct  resultant  stress 
amounted  to  about  15  per  cent  less  than  the  figure  obtained 
in  the  usual  way  by  assuming  that  both  spans  at  the  angle 
had  the  maximum   stress  in  them.     For  an  angle  of  150', 
however,  the  figures  came  out   practically   the   same  by 
both  methods.     It  is  not  .always  necessary  to  provide  strain 
insulators  at  these  angle  poles,  two  ordinary  pin  insulators 
in  scries  can  often  be  used  to  negotiate,  small  change  of 
direction  with   light   wires,  which  is  often  cheaper  than 
using   strain  insulators.     With  regard  to  the  question  of 
line  insuLitors  being  designed  to  deal  with  lightning  volt- 
ages, these  usually  consist,  according  to  Mr.  F.  \V.  Peck, 
of  half-period   impulse  waves  of   100  to  200  kilo-periods 
'IV.     These  lightning  or  impulse  voltages  are  of 
;  plied   very  quickly,  i.e.  for  a  very   limited  time, 
ami  lilt  r   under  such  impulses  does  not  occur 

at  the  on;  period  spark-over  voltage,  but  at  higher 

values.      These    impulse    spark-over    voltages    vary  with 
different  patterns  of  insulators,  but  I  think  that  for  prac- 
tical  purposes  they  might  Ik-   left  out   of  the  question, 
because   an    insulator    properly    designed   for   a  certain 
line  voltage  at,  say,  50  periods  is  not  likely  to  break  down 
under  these  impulse  voltages,  which  arc  applied  for  so 
short  a  time  that  there  is   not   time   for  the   insulator  to 
break  down  under  them. 

Mr.   K.  V.  Pannki.i.  ((omrwiifiKu/rif) :    A   paper   having 
this  title  can  hardly  be  considered  complete  when  it  deals 
with  only  one  type  of  conductor.    In  America,  where  loiig- 
diotancc  transmission  has  been  developed  to  its  furthest 
.......   ..  will  be  found  that  practically  50  per  cent  of  the 

t    transmitsion    undertakings  employ  aluminium 

wi"  "r  in  part.     For  about  three  years  previous 

In  !  1?  when  the  scarcity  of  aluminium  began  to 

■iipound  aliiminium-slecl  conductor 

'•■.    not     f.tilv    on    accoiinl    of    the 

isc,  but  also  because 

■^  than  in  the  case  of 

copper.     'Ihc  choice  of    conductor  is  such  an  iinporlanl 

{..ii/ir  ...,<l  l,:,N  v..  much  greater  influence  than  the  econo- 


mical span  length  (which  is  always  dependent  upon  the  Mr.  P;ini« 
contour  and  other  local  conditions),  that  I  feel  sure  only 
considerations  of  space  can  have  prevented  the  author 
from  dulling  fully  with  this  aspect  of  tlic  subject.  In 
the  table  herewith  comparison  is  made  between  copper, 
aluminium,  and  aluminium-steel  str.ands  of  the  same  con- 
ductance. The  last-mentioned  conductor  is  made  by 
substituting  for  the  core  a  strand  of  high-tensile  steel 
having  one-seventh  the  .ireii  of  the  complete  cable.  The 
method  of  calculating  the  tensile  strength  and  the  sag  of 
such  a  composite  conductor  was  fully  treated  in  an  article 
by   Mr.    E.   T.  Driver   and   the   writer   some   time  ago.* 


Copper 

o-ioo 

Aluminium 

Aluminium- 
steel 

Area,  equivalent  sq.  in. 

0100 

0100 

„     actu.al        

0  100 

0-167 

0198 

No.  of  strands 

7 

7 

7 

Core      

copper 

aluminium 

Steel 

Weight  per  ft.  lb. 

0400 

0-200 

0'300 

Diameter  of  conductor 

0408 

0529 

0570 

Tensile  strength,  lb.  per 

60,000 

28,000 

47,000 

sq.  in. 

Maximum  sag  at  120°  F. 

>9 

»S 

12 

on  500-ft.  span,  ft. 

Height  of  double-circuit 

69 

7S 

62 

tower,  ft. 

Cost  of  towers  (11)  per 

£370 

£^0 

£300 

mile 

This  comparison  takes  no  account  of  the  fact  that  in 
the  normal  conditions  of  the  market  b.ve  conductors  in 
aluminium  or  aluminium-steel  are  from  10  to  40  per  cent 
cheaper  than  the  equivalent  copper,  but  it  merely  shows 
how  wide  is  the  variation  in  the  cost  of  towers  for  different 
conductors.  The  towers  differ  from  those  shown  by  the 
author  in  having  three  cross-.irms  as  is  usual  in  American 
practice,  but  this  docs  not  affect  the  comparison.  No 
mandatory  rules  are  in  force  in  the  United  States  covering 
the  erection  of  transmission  lines  ;  it  is  felt  th.at  the 
engineers  concerned  arc  those  best  calculated  to  know 
wh.al  is  best  and  safest  both  in  their  own  interests  and  in 
those  of  the  coinmunity.  The  recoinniendations  of  the 
Joint  Committee  referred  to  on  p.agc  416  were  formulated 
to  govern  railway  crossings,  and  con^truction  across  open 
country  will  gcner.illy  be  a  little  less  conservative.  Con- 
ditions in  such  States  as  Maine  and  Arizona  are  so  diverse 
tliit  no  universal  standard  of  loading  c.in  posMbly  be 
adopted. 

Mr.  O.  V.  Twiss  {in  iej>h) :  The  President  gave  an  indi-  m 
cation  of  one  miion  li'ilrc  of  the  paper  when  he  mentioned 
that  it  had  been  brought  forward  bv  Ihc  Council  together 
with  the  paper  by  Mr.  Vernier  oiv  "  Waylcaves"  in  view 
of  the  present  importance  of  electric  supply  developments 
in  this  country.  Mencc  a  goo<l  deal  of  the  discussion  has 
h.id  reference  to  f.iclors  of  safety  and  the  Hoard  of  Trade 
Kegulations.  I  h  ive  reason  to  hope  that  this  matter  will 
not  be  left  ex»ctly  where  it  is  and  that  some  good  will 
come  of  the  paper  in  that  direction.  Certainly  recent 
developments  in  all  branches  of  activity  have  shown  that 
many  things  which,  under  ordinary  circumstances,  would 

•  Elnlri.al  U'.'thl.  Ii>i5,  vul.  W^  p.  514. 
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be  immovable,  are  amenable  to  modification  under  war 
conditions.  If  advantage  is  therefore  taken  of  tlic  present 
opportunity  to  obtain  greater  facilities  in  regard  to  way- 
leaves,  and  modifications  of  restrictions,  the  transmission 
of  electrical  power  will  be  greatly  facilitated,  with  con- 
sequent benefit  to  the  electrical  profession  and  industry 
and  thence  to  the  country. 

In  regard  to  Mr.  Trotter's  reference  to  the  pressure  of 
30,000  volts  for  the  limited  lines  in  this  country,  I  quite 
agree  that  for  such  lines  the  use  of  higher  voltages  is  not 
justified.  There  is  an  economical  pressure  for  every  con- 
dition, which  would  take  into  consideration  the  extra  cost 
of  transformers,  etc.,  and  transmission  lines  in  this  country 
are  designed  for  pressures  closely  in  accordance  with  their 
respective  economical  voltages.  If  greater  developments 
ensue  on  the  lines  indicated  in  the  "  Introduction  "  to  the 
paper,  then  doubtless  the  economical  pressures  would  be 
considerably  higher  than  those  at  present  used.  In  regard 
to  the  critical  point  mentioned  by  Mr.  Trotter  at  which  it 
is  cheaper  to  send  coal  by  train  than  to  transmit  electrical 
power,  this  presumably  only  occurs  with  very  small 
amounts  of  power  to  be  transmitted  over  long  distances, 
and  when  large  amounts  of  power  have  to  be  transmitted 
over  any  reasonable  distance  it  is  surelj'  always  cheaper 
to  transmit  electrically.  Mr.  Trotter  states  that  I  am 
wrong  in  making  comparisons  with  countries  which  have 
perhaps  no  coal  at  all  or  countries  where  a  network  of 
railways  does  not  exist.  I  quite  agree  that  if  a  network 
of  railways  is  largely  used  for  transmitting  coal  for  the 
purpose  of  subsequentlv  generatirtg  electrical  power  in 
more  or  less  small  quantities,  then  the  comparison  does 
favour  the  country  with  the  coal.  There  is,  however,  no 
very  great  difference  between  the  cost  of  generating  in 
large  bulk  from  coal  and  that  where  water  power  is  used. 
The  latter  must  of  necessity  be  used  on  site,  and  if  it  is 
to  be  transmitted  to  consumers  at  any  distance  this  must 
be  done  electricallj'  or  not  at  all.  Coal,  on  the  other  hand, 
can  be  transmitted  in  trucks  and  used  piecemeal,  but  that 
is  no  argument  for  doing  so,  and  it  seems  to  me  that  had 
coal  the  same  disability  as  water  power  of  not  being 
transportable  in  trucks,  we  should  at  the  present  time  be 
generating  the  bulk  of  our  electrical  energy  at  the  coal- 
fields and  transmitting  it  at  high  pressures  with  far  greater 
all-round  efficiency  than  we  at  present  approach. 

I  regret  I  am  unable  to  agree  to  Mr.  Trotter's  suggestion 
that  the  ratio  of  5  :  2  between  the  factors  of  safety  in  this 
country  and  those  abroad  represents  the  ratio  of  the  quality 
of  the  work.  It  must  be  remembered  that  much  of  the 
early  American  work  was  of  the  nature  of  pioneering 
and  was  presumably  erected  without  much  regaid  to  any 
particular  factors  of  safety.  The  security  of  their  recent 
lines  and  also  of  those  of  the  Canadian  Hj'dro-Electric 
Commission,  who  use  similar  factors  of  safety,  would 
appear  to  compare  favourably  with  that  obtained  in  this 
country.  With  regard  to  the  question  of  the  Board  of 
Trade  factors  of  safety,  I -endeavoured  to  show  in  the 
paper  that  a  consistent  margin  of  security  has  not  been 
given  owing  to  the  fact  that  we  occasionally  get  leadings 
more  severe  than  the  Board  of  Trade  assumed  loadings,  in 
which  case  the  margin  of  security  with  a  small  conductor 
is  less  than  with  a  large  ;  hence  it  is  not  a  question  of 
reduction  of  security  but  merely  one  of  consistenc)- — that 
is   to  saj',  of   having  equal  security  on  all  sizes  of   con- 


ductors.     Mr.   Wigham   in   his  remarks   draws  attention  Mr.  Twiss. 
to  this  point,  and  Sir  William  Slingo's  remarks  substan- 
tiate it. 

I  do  not  suggest  that  the  Board  of  Trade  have  limited 
the  length  of  spans.  Indirectly,  however,  as  is  shown  in 
the  paper,  the  economical  span  length  is  longer  and  the 
transmission-line  construction  more  economical  the  tighter 
the  conductors  are  strung,  so  that  the  low  tension  of 
stringing  necessitated  by  the  Board  of  Trade  Regulations 
does  indirectly  limit  the  length  of  spans  by  making  longer 
spans  uneconomical.  In  regard  to  the  short  spans  used 
by  the  Ontario  Hydro-Electric  Commission  for  low- 
pressure  wires,  these  are  distribution  lines  which  are 
light  enough  to  allow  single  poles  to  be  used.  Trans- 
mission lines  are  usually  too  heavy  for  the  economical 
use  of  such  poles,  and  the  curves  in  the  paper  were 
therefore  taken  on  A  poles. 

Mr.  Dickinson's  reference  to  the  limitation  of  pressure 
by  the  Board  of  Trade  gave  Mr.  Trotter  the  opportunity 
of  making  it  quite  clear  that  the  Board  of  Trade  have 
no  objection  to  the  highest  voltages.  Mr.  Dickinson 
suggests  that  the  next  revision  of  the  Board  of  Trade 
Regulations  should  be  framed  in  conjunction  with  the 
Institution.  Mr.  Jacob  also  made  a  similar  suggestion. 
Mr.  Trotter's  reference  to  the  Electrical  .\dviser  not  being 
allowed  to  have  an  advisory  committee  and  his  remark 
that  the  responsibility  for  the  factors  of  safety  rests  on  the 
shoulders  of  one  man  would  also  seem  to  indicate  that  he 
is  not  averse  to  that  course.  The  matter  is  an  important 
one  from  the  national  point  of  view,  and  also  from  the 
point  of  view  expressed  by  Mr.  Dickinson,  that  our  Over- 
seas Dominions  often  take  our  Board  of  Trade  Regulations 
as  a  precedent  not  to  be  departed  from,  with  the  result 
of  unduly  increasing  the  cost  of  schemes — if  not,  in  fact, 
making  some  uncommercial.  In  any  case  it  would  seem 
desirable  that  Board  of  Trade  Regulations  should  be 
marked  with  a  footnote  to  make  it  clear  that  they  only 
apply  for  the  particular  conditions  obtaining  in  this  country, 
and  that  the  different  conditions  abroad  might  justify  con- 
siderable deviations  therefrom. 

The  over-testing  of  insulators  is  of  course  more  likely  to 
occur  mechanically  than  electrically,  as  electrically  the 
flash-over  of  an  insulator  is  to  a  large  extent  its  own  safety 
valve.  As  Mr.  Dickinson  states,  it  is  important  to  limit 
the  mechanical  test  to  a  small  percentage  above  the 
working  load,  and  those  insulators  which  are  tested 
considerably  beyond  that  for  the  purpose  of  proving  the 
accuracy  of  design  should  be  destroyed  to  ensure  that  they 
will  not  be  used  on  the  line.  Mr.  Dickinson  states  that  it 
is  necessary  to  varv  the  degree  of  insulation  according  to 
the  requirements  of  different  parts  of  the  line.  This  is  to 
my  mind  very  true  and  I  am  glad  to  see  this  authoritative 
statement.  I  quite  appreciate  the  difficulty  when  insulators 
become  covered  with  salt  incrustation.  On  one  system 
where  this  trouble  is  serious  a  section  of  the  line  had  to  be 
provided  in  duplicate,  each  part  of  this  section  being  alter- 
nately taken  out  of  commission  for  the  purpose  of  cleaning 
the  insulators.  I  agree  with  Mr.  Dickinson  that  it  is  always 
better  to  avoid  erecting  a  telephone  circuit  on  the  same 
poles  as  the  transmission  line  ;  but  where  this  is  unavoid- 
able, care  should  be  taken  to  erect  the  telephone  lines 
on  insulators  sufficiently  large  to  prevent  leakage,  having 
regard  to  the  high  potential  which  may  be    induced   in 
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the  wires,  and  that  such  insulators  should  be 

of  t  ^itioii  tj-pe  to  enable  the  telephone  wires  to 

be  •  .It  every  pole. 

\\  :  to  Sir  WillLim  Slingo's  remarks,  whether 

the  •lit.  or  iSoft.  it  is  generally  uneconomical 

Witt;  ;...  i;  where   the   line   is  so 

l^c''!   1-  .il   use  of  single  poles\ 

~  .ire  oilen  used,  and  luiless  the  users 

■pan   length   upon   telegraph    practice, 

1  am  unable  to  sec  wh.it  otherwise  influenced  them.     The 

conditions  for   telegraph    lines,  particularly  where   there 

are  40  or  more  wires,  necessitate,  for  economy,  far  shorter 

■'ill  transmission  lines,  and   in   some   instances  a 

!i  of  iSoft.  for  such  telegraph  lines  is  too  long 

>nomy  ;  in  such  cases  the  reduction  of 

Sir  William   states   has  already  been 

made    niigtit    be    continued     still    further    with    greater 

economy.     The   experience   which   he   relates  as   to  the 

damage  on  telephone  and  telegraph  lines  during  the  great 

storm  in  March  iqi6  is  very  interesting  and  bears  out,  as 

do   his  deductions   therefrom,   the   point    I    have   cndca- 

%-oured  to  make  in  the  paper,  namely,  that   under  snow 

and   ice    conditions    the    small    wires    are    more    highly 

stressed  (or  have  a  smaller  factor  of  safety)  than  larger 

wires. 

Mr.  Jacob's  remarks  show  he  is  sanguine  that  we  shall 
eventually  have  larger  power  developments  and  trans- 
missions in  this  countrj',  and  I  agree  with  him  tliat  we  • 
should  then  be  obliged  to  reconsider  some  of  our  existing 
rcgul.itions.or  alternatively  have  to  incur  greatly  increased 
I  c.     The  utc   of   aluminium    calls   to  mind  the 

■    our   existing  regulations   ignore  the   eUisticity 
The   effect   of   elasticity   is   appreciable, 
-  strung  at  higher  tensions  justifying  longer 
effect  of  elasticity  is  consulerable,  and  as 
i  ,  ,  -'■  and  aluminium  is  the  more  considerable 

on  aluminium  conductors.    The  data  given  by  Mr.  J.icob 
in   regard  to  aluminium   wires  with  steel  cores  is  inter- 
esting,   as    is    also    the    application    of    this    type    of 
'   :    as  a   catenary   from   which   a  trolley  wire   is 
i. 
I    ^m   in   complete   agreement    with    Mr.    Highfield   in 
rcjird  lo  working  for  security,  but   I   think   that   security 
>tent.     I  note  that  Mr.  Highfield  likes  the 
'  1 1  of  the  conductors  (see  Fig.  2).     The  one 

"f  this  arrangement,   namely,   that   snow   may 
.  ..>.  -  ;    u.ing,  can  be  avoided  by  .irranging  the  conductors    i 
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very  novel  method  of  painting  the  inside  of  tubular  poles.  Mr.  Twu 
I  agree  with  him  that  the  use  of  longer  spans  is  a  great 
advantage,  for  the  reasons  which  he  gives,  and  that  there 
is  no  difliculty  in  using  ^onft.  spans  in  this  country-  with 
steel  poles.  Tigliter  stringing  of  the  conductors  has,  how- 
ever, the  same  cflect  at  less  expellee,  and  as  the  curves 
show,  with  tighter  strung  conductois  spans  of  400  ft.  can 
often  be  economically  negotiated  by  wooden  poles.  I  am 
glad  that  Mr.  Highlield  agrees  as  to  the  danger  of  over- 
testing  insulators. 

In  reply  to  Mr.  Richards,  the  curve  in  Fig. -j  docs  not 
embody  temperature,  as  before  using  the  curve  one  would 
already  have  worked  out  (he  sag  at  the  required  tem- 
perature, and  from  tliis  figure  the  cur\'e  then  indicates  the 
necessary  clc;ir.-ince.  The  figures  for  sag  and  clearance 
in  Fig.  ,^  m.iy  be  read  in  any  unit,  inches  or  feet,  and  the 
conductor  curves  arc  calcuLited  upon  the  Board  of  Trade" 
loadings.  In  regard  to  tlie  temperature  at  which  the 
ma.\iroum  s.igs  are  to  be  calculated,  I  agree  with  Mr. 
Rich.irds  that  a  definite  ruling  is  wanted  on  this  point.  I 
have  taken  a  temperature  of  i;,2' F.,  which  is  s  range  of 
1 10  degrees  upon  the  Bo.ird  of  Trade  Regulations,  and  a 
temperature  of  132'  F.  in  the  sun  is  sometimes  rc.ichcd  in 
this  country.  My  sLitcmcnt  that  the  larger  the  conductor 
the  longer  the  economical  span  length,  is  applicable  to 
either  wood  or  steel,  whichever  gives  the  cheaper  line. 

I  am  pleased  to  note  that  the  carves  of  economical  span 
lengths  arc  confirmed  by  Mr.  Wigham's  practical  results. 

Mr.  Wigham  asks  what  is  the  advantage  of  the  enormous 
tower  shown  in  Fig.  i.  These  towers  .ire  of  the  minimum 
height  to  give  a  clearance  of  22  ft.  on  soo-ft.  spans.  The 
economy  of  a  span  of  500  ft.  for  this  case  is  substantiated 
by  a  curve  worked  out  exactly  on  the  same  lines  as  Fig.  0. 
That  the  economical  span  for  such  a  curve  is  longer  than 
any  shown  on  the  curves  in  Fig.  6  is  due  to  the  fact 
that  for  the  double-circuit  curves  in  Fig.  6  the  cost  of 
insulators  and  accessories  is  only  taken  at  £^  per  pole, 
which  is  sufficient  to  include  insulators,  etc.,  for  a  pressure 
of  30,000  volts.  The  transmission  line  shown  in  Fig.  i  is 
for  100,000  volts  and  a  larger  sum  is  required  to  cover  the 
cost  of  the  insulators,  which  therefore  gives  a  different 
curve  and  the  dip  in  this  curve  occurs  opposite  a  greater 
span  length.  In  view  of  Mr.  Wigham's  question  I  should 
like  to  make  it  clear  that  the  curves  C,,  f„  C„  and  C,.  in 
Fig.  6,  arc  merely  given  to  show  the  complelion  of  the 
process  of  finding  the  economical  span,  and  at  the  same 
time  to  give  some  examples,  but  such  examples  are  by  no 
means  comprehensive  and  one  would  plot  a  fresh  curve  in 
the  manner  shown  for  each  individual  case — a  few  minutes' 
job  by  this  method. 

Mr.  Mordey  has  raised  a  point  which  came  up  in  a 
previous  paper  in  reg.ard  to  the  difference  between  copper 
and  aluminium  conductors  as  rcg.iids  the  deposit  of  snow 
or  ice  upon  them.  Mr.  J.icob's  rem.-irks  apply  to  this  point. 
The  test  mentioned  by  Mr.  Mordey  is  certainly  novel  and 
interesting.  There  would,  however,  be  a  certain  amount 
of  leakage  current  over  the  surface  of  the  insulators,  so 
that  any  discoloration  of  the  liquid  would  not  be  entirely 
iluc  to  the  effects  of  current  passing  throiigli  the  porcelain, 
A  delicate  galvanometer  can  be  used  for  the  same  purpose, 
and  the  leak.igc  cuircnt  over  the  surface  can  be  shunted  so 
that  the  galvanoinelci  only  indicates  the  amount  of  current 
passing  through  the  poicclain. 
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It  is  interesting  to  note  from  Mr.  Sparks'  remarks  that 
overhead  wires  were  working  at  a  pressure  of  2,500  volts 
and  were  being  put  up  for  10,000  volts  at  the  inception  of 
the  electrical  industry  in  this  country.  The  30,000-volt 
scheme  which  Mr.  Sparks  described  uses,  of  course,  the 
highest  transmission  line  voltage  yet  employed  in  this 
countrv,  and  I  am  glad  to  note  that  the  average  span 
length  is  360  ft.  Mr.  Sparks'  remarks  show  that  he  has 
already  adopted  a  flexible  clamp  for  earth  wires,  which 
practice  I  advocate. 

In  reply  to  Mr.  Astley's  first  point,  the  argument  given 
in  the  paper  on  this  subject  is,  as  stated,  for  structures 
supported  by  vertical  reactions,  which  is  the  usual  practice 
with  lattice  steel  masts.  IMr.  Astley's  remarks  obviously 
apply  to  a  structure  supported  by  horizontal  reactions,  so 
that  the  objections  he  makes  to  my  conclusions  do  not 
apply.  In  regard  to  the  use  of  hemp,  which  Mr.  Astley 
appears  to  advocate,  hemp  can  of  course  be  used,  but  in 
my  opinion  it  is  not  necessary  or  justified  with  English 
porcelain,  though  it  may  or  may  not  be  necessary  with 
certain  classes  of  brittle  porcelain.  I  am  interested  in  the 
designs  which  he  shows  of  insulators  arranged  with  a 
patent  method  of  using  hemp.  If  hemp  must  be  used  tlien 
I  agree  that  this  is  as  good  a  way  of  applying  it  as  could 
be  designed.  At  the  same  time,  however,  one  cannot  fail 
to  notice  that  this  design  introduces  sharp  edges,  thereby 
causing  concentrations  of  flux  and  also  air  spaces  between 
the  dielectric  and  the  electrodes,  which  air  spaces  are 
likely  to  be  in  a  state  of  static  breakdown  and  to  set  up 
local  heating  and  chemical  action.  These  effects  are 
detrimental  to  the  insulator.  The  V  threads  on  the  porce- 
lain also  weaken  it  and  concentrate  the  mechanical  stress 
therein,  so  that  I  should  always  expect  the  porcelain  in 
such  an  insulator  to  fail  at  a  lower  load  than  an  insulator  of 
similar  proportions  where  such  grooves  are  not  used.  The 
effects  of  expansion  and  contraction  can  be  and  are 
successfully  combated  in  the  latest  types  of  metal-hooded 
insulators  by  the  employment  of  a  number  of  devices 
which  do  not  introduce  other  evils.  The  tests  I  mention 
may  be  performed  after  the  cement  has  thoroughl}'  set 
and  hardened,  that  is  to  say,  after  the  early  months  to 
which  Mr.  Astley  refers,  which  I  think  disposes  of  the 
ground  upon  which  he  questions  the  correctness  of  such 
tests  for  the  purpose.  I  quite  agree  with  his  remarks  as 
to  the  failure  of  insulators  being  largely  due  to  cracks  and 
porositv  ;  in  fact,  I  make  this  point  quite  clear  in  the 
section  of  testing  of  insulators  under  "  deterioration  tests." 
It  is  the  recognition  of  this  trouble  which  has  led  to  the 
perfection  of  various  devices  of  design  in  connection  with 
the  cemented  insulators  referred  to  above,  and  the  adoption 
of  these  methods  has  successfuUy  combated  expansion  and 
contraction  troubles. 

In  regard  to  Mr.  Blakemore's  interpretation  of  the 
"Introduction"  to  the  paper,  I  hope  and  believe  English 
engineers  need  no  urging  in  the  direction  indicated.  The 
introduction  was  not  intended  to  bear  that  interpretation, 
so  that  the  meteorological  and  other  statistics  required 
liardly  arise  therefrom,  and  in  any  case  the  time  and  space 
for  this  replv  do  not  permit  of  their  being  gone  into.  With 
regard  to  the  height  of  poles  abroad,  clearances  greater 
than  usual  are  occasionally  required  on  account  of  long 
whips,  but  as  a  rule  the  greater  height  is  justified  on  the 
ground  of  the  length  of  span  alone.     I  quite  agree  with 
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Mr.  Blakemore's  remarks  in  regard  to  the  position  of  the  Mr.  Twiss. 
telephone  wires  in  respect  to  the  transmission  line  and  the 
use  of  a  separate  line  for  telephones  wherever  possible. 
The  channel  section  has  been  introduced  in  Figs.  8  and  11 
with  the  object  of  showing  how  the  connecting  pieces  are 
attached  to  the  cross-arm.  At  angle  positions  there  is  an 
insulator  on  both  sides  of  the  channel,  so  that  the  channel 
is  obliged  to  be  in  the  position  shown  in  respect  to  one  of 
the  insulators.  At  terminal  positions,  however,  I  agree 
with  Mr.  Blakcmore  that  the  channel  should  be  fixed  in 
the  reverse  position.  With  regard  to  the  economical  limit 
of  pin  insulators,  the  relationship  varies  sUghtly  with  the 
price  of  metal,  as  when  the  price  of  metal  is  high  it  is  to 
the  advantage  of  the  pin  insulator,  which  uses  less.  The 
curve  is  based  upon  recent  high  prices ;  hence  the  point 
of  economy  is  slightly  above  66  kilovolts,  but  ordinarily 
66  kilovolts  is,  as  stated,  the  limit.  In  reply  to  Mr.  Blake- 
more's question  as  to  whether  I  mean  that  the  less  the 
corona  formation  before  flash-over  the  better  the  insulator, 
the  answer  is  in  the  affirmative.  In  regard  to  the  effect  of 
climate  upon  the  design  of  insulator,  I  would  refer  him  to 
Mr.  Dickinson's  remarks  and  my  reply  thereto.  Mr.  Blake- 
more  says  that  if  it  is  necessary  to  design  high-pressure 
insulators  for  high  frequency  why  not  low-pressure  ones  ? 
At  the  bottom  of  the  second  column  on  page  424  of  the 
paper  I  state  that  it  is  desirable  to  do  so.  That  it  may  not 
be  quite  so  necessary,  however,  is  due  to  the  fact  that 
according  to  the  observations  of  those  interested  in  the 
point,  transmission  lines  for  pressures  below  30  kilovolts 
are  less  affected  by  lightning  troubles  than  at  the  higher 
voltages  (above  a  certain  voltage,  however,  the  liability  to 
trouble  is  again  less).  This  may  be  due  to  the  fact  that 
lines  up  to  30  kilovolts,  as  their  pressure  indicates,  are 
shorter  and  therefore  less  likely  to  be  in  exposed  positions. 
Then  again,  as  I  state,  the  electrical  factor  of  safety  on  the 
insulators  for  such  lines  is  as  a  rule  much  higher  than  on 
the  larger  insulators  for  higher  voltage  lines,  so  that  the 
insulators  will  be  better  able  to  withstand  surges  and  oscil- 
lations. Joulean  losses  are  heat  or  1=  R  losses.  In  regard 
to  Mr.  Blakemore's  query  as  to  what  effect  the  velocity, 
etc.,  of  the  water  has  upon  the  breakdown  voltage,  I  pre- 
sume he  is  referring  to  the  flash-over  voltage  under  spray. 
In  the  standard  spray  test,  water  is  precipitated  on  the 
insulator  at  an  angle  of  45°  and  at  the  rate  of  i  in.  in 
S  minutes,  and  the  pressure  at  the  nozzles  is  generally 
taken  to  be  about  40  lb.  per  sq.  in.  If  the  velocity  of  the 
sprav  is  increased  considerably  then  the  splashing  effect 
of  the  water  is  magnified,  forming  a  tendency  to  wet  the 
underside  of  the  sheds  excessively,  thereby  reducing  the 
flash-over  value.  Increasing  the  amount  of  water  without 
increasing  the  velocity  also  brings  about  a  reduction,  but 
in  either  case  the  reduction  is  not  considerable.  I  have  no 
information  as  to  the  districts  in  which  distilled  water 
approximates  to  rain  water.  A  thickness  of  i  in.  of  por- 
celain can,  as  a  rule,  be  thoroughl}-  vitrified.  The  ratio 
between  flash-over  and  puncture  voltages  must  vary 
considerabh'  with  different  types  of  insulators,  having 
regard  to  the  nature  of  the  electrodes  and  the  relative 
disposition  of  porcelain  and  air.  There  can  be  no  usual 
ratio. 

Mr.  Byng  gives  some  useful  information  in  regard  to 
reinforced  concrete  poles,  a  subject  which  I  have  not 
dealt  with  in  the  paper.     In  my  opinion  concrete  poles 
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M;.  T«-:m.  arc  very  sound,  especially  as  they  arc  not  subject  to 
corrosion  like  steel  poles  or  to  rotting  like  wood  poles, 
and  they  should  therefore  show  to  advantage  from  the 
point  of  view  of  maintenance  and  durability.  The  main  I 
problem  seems  in  my  opinion  to  be  th.at  of  weight.  In 
this  respect  hollow  poles  obviously  show  advantages  over 
solid  poles,  which  is  borne  out  by  the  figure  given  by 
Mr.  Byng.  He  docs  not,  however,  comp.irc  tlic  weight 
of  a  concrete  pole  with  that  of  an  equivalent  wood  or  steel 
pole.  Such  figures  as  I  have  seen  indicate  that  a  concrete 
pole  is  between  two  and  three  times  heavier  than  the 
equivalent  wood  or  steel  pole.  If  a  pole  is  made  on  site 
its  weight  is  not  so  important  an  item.  As  in  most  things, 
however,  to  ensure  the  use  of  consistently  high-grade 
materials,  the  best  workm.inship  and  supervision,  neces- 
sitates the  manufacture  being  carried  out  by  properly 
trained  and  organized  men  in  a  properly  equipped  place. 
Under  these  circumstances,  transport  of  the  poles  to  site 
becomes  necessary  and  their  weight  is  of  importance.  In 
view,  however,  of  the  incrcising  scarcity  and  consequent 
cost  of  timber  for  poles  and  other  disabilities  in  regard 
to  steel,  the  possibilities  of  ferro-concrctc  poles  are 
considerable. 

As  Mr.  Donkin  states,  the  economical  span  length  must 
var)'  slightly  from  time  to  time  in  accordance  with  fluctu- 
ations in  the  price  of  material  for  poles.  Mr.  Donkin 
suggests  that  of  two  spans  of  equal  economy  the  shorter 
should  be  chosen  having  regard  to  the  mechanical  point 
of  view,  but  I  always  consider  a  transmission  line  as 
conductors  insulated  as  far  as  possible  by  air,  and  the 
points  of  support  as  necessary  evils,  so  that  from  the 
electrical  point  of  view  one  would  be  inclined  to  choose 
the  longer  of  two  equally  economical  spans,  which  also 
often  facilitates  w.-iylcaves.  Mr.  Donkin  asks  whether  it  is 
impr.-»cticable  to  make  the  pin  of  a  pin  insulator  strong 
enough  to  stand  the  unbalanced  load  of  a  conductor.  I 
icc  nothing  to  prevent  it,  but  as  the  schedule  on  page  432 
shows,  no  ordinary  means  of  attachment  is  strong  enough 
to  hold  it,  and  I  do  not  sec  what  advantage  would  be 
obtained  if  some  special  arrangement  were  devised  for 
the  purpose. 

I  agree  with  Mr.  Morton  that  the  curve  in  Kig.  3  would 
be  Ix-tter  with  the  .actual  size  of  stranded  conductor 
mentioned  instead  of  merely  the  section,  and  I  am  adding 
thi*.  In  the  case  of  pin  insulators  the  figuri;  of  sag  only 
will  indicate  cle.irance,  but  in  the  case  of  suspension 
insulators  the  length  of  the  suspension  insulator  must  be 
added  to  the  sag  to  indicate  clearance.  Mr.  Morton 
considers  that  the  clearance  between  two  horizontal 
conductors  should  be  based  upon  the  swing  from  the 
vertical.  I  presume  Ih.it  by  "swing  from  the  vertical" 
IS  meant  the  h'irizontal  distance  between  the  vertical  plane 
of  rest  and  the  vertical  plane  into  which  the  wire  can 
kwing  ;  if  so,  that  is  exactly  what  the  clearance"-:  given  by 
the  curvck  in  the  paper  arc  b.ised  upon,  and  the  only 
qurMion  is  a<t  to  the  length  of  >ag  (mm  which  such  swing 
i»  obtained.  Mr.  M'Tton  takes  the  length  of  sag  as  that  at 
the  minimum  temperature  and  maximum  wind.  The 
maximum  wind,  however,  may  occur  at  a  higher  temper- 
ature, and  consequently  when  there  is  a  greater  sag  than 
ciisl>  at  the  minimum  lcin|>craturc.  Uii  the  other  hand, 
the  in,<ximuin  wind  is  hardly  likely  to  occur  at  the  maxi- 
mum tcmpc(.iliire  ;  hence  the  clearance  should  be  baked 


on  a  sag  somewhere  between  these  extremes.  In  the  Ur.Tw 
absence  of  .iny  definite  rule,  however,  Mr.  Morion's  is 
near  enough  for  all  practical  purposes,  and  my  curves 
may  be  used  therewith,  that  is  to  say  :  Calculate  the  sag 
which  occurs  at  minimum  temperature  and  maximum 
wind,  and  with  this  figure  the  curve  will  indicate  the 
required  clearance.  I  am  indebted  to  Mr.  Morton  for 
pointing  out  that  the  l'.S.,V.  and  Canadian  figures  of 
wind  loadings  are  the  windages  on  the  projected  area  of 
the  wire  and  not.  as  in  the  case  of  the  Board  of  Trade,  on 
a  plane  surface.  One  or  other  must  therefore  be  equated 
to  make  it  comparable  with  the  other.  I  agree  that  this 
increases  the  resultant  load  on  the  U.S.A.  and  Canadian 
conductors,  but  I  am  unable  to  agree  that  it  reduces  their 
factor  of  safety  as  compared  on  the  same  b.asis  with  ours. 
As  the  stress  of  30,000  lb.  per  sq.  in.  is  obtained  with  the 
loading  of  1-35  lb.  per  ft.,  then  when  any  lower  loadhig 
occurs,  as  for  instance  1-05  per  ft.  or  o'658  lb.  per  ft.  the 
stress  is  reduced  and  consequently  the  factor  of  safety  is 
increased.  I  am  glad  Mr.  Morton  considers  the  suggested 
rule  for  clearance  between  wires  in  the  vertical  plane  to 
be  a  good  one.  I  am  also  inclined  to  agree  with  him  as  to 
the  arrangement  of  conductors,  and  I  have  dealt  with  this 
point  in  my  reply  to  Mr.  Highfield.  I  am  pleased  to  note 
Mr.  Morton's  remarks  with  reference  to  elasticity,  which 
I  have  referred  to  in  my  reply  to  Mr.  Jacob.  I  certainly 
think  that  elasticity  ought  not  to  be  ignored. 

Mr.  Morton's  remarks  are  quite  true  in  regard  to  the 
cost  of  erection  of  steel  masts  as  opposed  to  wooden 
poles,  and  I  am  glad  to  sec  that,  notwithstanding  these, 
he  still  considers  my  suggested  method  of  finding  the 
economical  span  to  be  very  useful.  I  do  not  claim  it 
to  be  perfect,  as  it  would  be  impossible  to  take  everything 
into  consideration  however  long  and  tedious  the  process 
were  made,  but  it  certainly  gives  a  definite  idea  of  the 
relative  economies  of  delinite  spans,  and  I  believe  it  to  be 
the  first  practical  method  by  which  this  could  be  obtained. 
I  agree  that  where  lines  arc  suthciently  light,  single  wood 
A  poles  can  be  used  with  economy  at  shorter  spans  than 
150  ft.  I  have  mentioned  this  point  in  my  reply  to 
Mr.  Trotter,  with  the  addition  that  it  is  very  rare  that 
transmission  lines  are  so  light  as  to  permit  of  this. 

In  reg.ird  to  the  statement  in  the  paper  that  earth  wires 
arc  never  flexibly  supported,  Mr.  Sparks  has  shown  that 
this  was  done  in  the  case  of  his  latest  30,000-voll  line 
for  the  Powell  Duflfryn  Company,  and  now  Mr.  Morton 
states  that  it  is  the  practice  of  his  firm.  I  am  glad  of  this, 
notwithstanding  that  it  shows  my  statement  to  be  p.artly 
incorrect,  as  at  the  same  time  it  supports  the  correct- 
ness of  my  argument.  I  note  that  the  method  used  by 
Mr.  Morton's  linn  is  that  of  .attaching  the  earth  wire  to  an 
insulator  by  means  of  a  flexible  binder.  The  insulation  of 
the  insulator  is  of  course  not  used  in  tliis  case,  and  I  think 
that  the  flexible  earth-wire  cl.imp  shown  in  Kig.  23  would 
Ik  .at  least  eiiuallv  flexible  and  rather  l>etler.  Mr.  Morton 
has  worked  out  some  cases  on  the  point  I  make  111  refer- 
ence to  loads  on  angle  poles,  and  I  agree  willi  him  that 
the  difference  is  not  material  unless  a  large  angle  is  to  be 
negotiated  ;  even  then,  as  he  says,  it  is  something  of  a 
rclinement.  With  reg.wd  to  his  reference  to  half-period 
impulse  waves  as  referre<l  to  by  Mr.  Peek,  this  is  not  the 
most  severe  effect  on  insulators,  as  all  insulating  materials 
will   stand   a   higher    potential    applied   for   such    limited 
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periods.     A  more  severe  effect  is  the  application  of  high- 
frequency  oscillations. 

Mr.  Pannell  gives  some  useful  information  and  compari- 
sons in  regard  to  compound  aluminium-steel  conductors. 
The  use  of  this  type  of  conductor  occasions  surprisingly 
small  sags  and  therefore  has   an  important  bearing  upon 


the  economy  of  capital  cost  of  transmission  lines.  Mr.  Mr.  Twi 
P.innell,  who  is  resident  in  Canada,  refers  to  the  Joint 
Report  Recommendations  being  conservative.  Tliis  is 
certainly  significant  having  regard  to  the  relationship  of 
the  recommendations  of  such  Joint  Report  Committee  to 
those  of  the  Board  of  Trade. 


BiRMINGH.AM    LOCAL    SECTION,    25    .^PRIL,    1917. 


T.  Kapp. 


Dr.  G.  Kapp  :  The  summary  whicli  the  author  has  given  is 
in  my  opinion  too  short  ;  he  has  credited  the  members  with 
too  much  intimate  knowledge  of  a  subject  which  is  highly 
specialized  and  new  to  many  of  them.     It  is  very  satis- 
factory to  find  from  the  paper  that  English  engineers  have 
been   so   successful   with   extra-high-tension   transmission 
lines,  a  subject  which  has  up  to  the  present  been  generally 
considered  to  be  the  special  province  of  American  engi- 
neers. I  think  the  author's  allusion  to  the  so-called  "  cheap 
water  power  "  requires  qualification,  because  if  this  popular 
belief   were  allowed   to   crj'stallize    into    a   conviction   it 
would   cut   the   ground   from   under   such   enterprises  as 
are  the  subject  of  the  paper.     So  far  as  the  cost  of  energy 
is   influenced   by   capital  outlaj',    water   power   is   by   no 
means  cheap.     The  average  capital  cost  of  Italian  hydro- 
electric works  is  about  £20  per  kilowatt ;    whereas  in  a 
paper    recently    presented    to    the     Institution    of     Civil 
Engineers    the   cost    of    the   electricity   supply   works   at 
Walsall,  in  which  steam  plant  is  inst-alled,  was  given  as  a 
little  under  £8  per  kilowatt.     Whether  the  cost  of  energy 
is  less  in  a  hydro-electric  works  than  with  steam  plant  de- 
pends on  two  things  :  the  load  factor  and  the  utilization  of 
the  b3'-products  from  the  coal.    In  discussing  the  potential 
gradient  in  a  string  of  insulators  the  author  alludes  to  the 
effect  of  series  and  shunt  capacity.     It  is  interesting   to 
note  that   the  influence  of  sliunt  capacity  has  also  been 
found   to   constitute   a   difficulty  in   the  so-called   Wurtz 
lightning  arrester.     It  is  well  known  that  these  appliances 
cannot  be  used  for  very  high  voltages  because  the  potential 
gradient  between  the  first  few  cylinders  close  to  the  line 
is  extremely  steep,  and  the  addition  of  more  cylinders  at 
the  earth  end  of  the  series  does  not  materially  flatten  it. 
This  is  due  to  the  shunt  capacit}'.     An  Italian  engineer, 
Mr.  Moligniano,  has  overcome  this  difficulty  by  artificially 
increasing  the  series  capacity  between  the  cj'linders  so  as 
to    swamp    almost    completely   the    shunt    capacity.     By 
this   means  he   obtains   an  almost   straiglit-line   potential 
gradient,  with  the  result  that  the  Wurtz  arrester  can  be 
used  on  lines  of  very  high  voltage.     The  author  advocates 
the  arrangement  of  wires  shown  in  B3,  Fig.  2,  for  dupli- 
cated three-phase  lines,  because  no  wires  are  in  a  vertical 
line.     I  presume  that  the  advantage  of  so  placing  the  wires 
is  that  in  the  event  of  an  upper  wire  breaking  it  will  fall 
clear  of  all  the  others,  but  I  doubt  whether  one  can  rely 
on  an  absolutely  vertical  path  of  a  broken  wire.    A  wire 
generally  breaks  under  wind  pressure,  and  it  seems  to  me 
that  the  broken  end  will  then  be  blown  sidewise  and  will 
foul  other  wires  whatever  may  be  the  geometrical  disposi- 
tion.    An  arrangement  which  is  electrically  preferable  may 
therefore  be  adopted,  such  as  the  hexagonal  disposition 
so  frequently  used  in  Switzerland.     It  has  the  advantage 
of  shorter  cross-arms  and  less  inductance.     With  the  very 


high  voltage  for  wliich  the  author's  lines  are  designed  the  Dr.  Kapp 
reduction  of  inductance  is  not  of  much  importance,  but 
with  moderate  voltages  this  reduction  combined  with  the 
increase  of  capacity  has  a  beneficial  effect  on  the  power 
factor  of  the  line. 

Dr.  C.  C.  Garrard  :  The  paper  deals  with  a  subject  Dr.  Garra 
which  will  be  of  very  greatly  increased  importance  in 
this  country  in  the  near  future.  Some  people  have  been 
under  the  impression  that  transmission  lines  at  very  hi"h 
voltages  are  only  necessary  or  desirable  in  connection 
with  water  power.  With  a  rational  use  of  coal,  however, 
I  consider  it  possible  that  we  could  produce  electricity 
at  a  total  works  cost  (excluding  distribution  costs)  of  £2 
per  kilowatt-year  with  a  load  factor  of  60  per  cent.  This 
approaches   the   best   results    attained   by    water    power. 
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Under  these  conditions  extensive  overhead  transmission 
lines  at  high  voltages  would  be  very  numerous.  It  is 
therefore  very  desirable  that  the  standardization  of  British 
overhead  equipment  should  be  taken  in  hand  by  the 
Institution  and  the  Engineering  Standards  Committee,  in 
order  that  while  maintaining  the  British  reputation  for 
high  quality  in  this  branch  of  engineering,  as  in  others, 
the  development  of  the  industry  siiall  not  be  hindered  by 
the  survival  of  obsolete  official  regulations.  With  regard 
to  the  testing  of  line  insulators,  I  should  like  to  direct 
attention  to  the  method  recently  worked  out  in  the  United 
States-  by  which  the  actual  resistance  of  high-tension 
insulators  is  measured.  It  is  stated  that  by  this  means 
insulators  having  a  slight  degree  of  porosity,  and  which 
would  break  down  after  several  years'  service,  are 
eliminated  before  being  put  into  use.  I  should  like  to 
mention  a  point  touched  on  by  the  author,  namely,  the 
law  of  corona.     Apparently   the   electric  strength  of  air 

•  Pivcceiiings  of  the  American  InstittiU  of  Ekcliicil  Eiigiiicei\  1917, 
vol.  36,  p.  77. 


44^    TWISS:   HIGH-TENSION   OVERHEAD  TRANSMISSION    LINES:    DISCUSSION. 


Oi.  Gvnni.  increases  in  the  neigh l-tourhood  of  thin  wires,  points,  etc. 
On  thi>  subject  much  work  has  been  done  in  America. 
Fig.  G  illustrates  the  phenomenon  in  question,  and  the 
formula  (given  in  the  figiircl,  which  was  first  stated  by 
Dr.  Ku>scll.  gives  the  law  of  the  curve.     The  value  of  g,  is 
the  greatest  possible  electric  stress  in  .lir  (i.e.  above  which 
the  o!<-clric  corona  occurs)  in  the  neighbourhood  of  a  wire 
r.       A  ver>-  ingenious  explan.ition  has  been  put 
I   these  facts,  but  to  my  mind  a  real   physical 
explanation  has  not  yet  been  forthcoming.     I   should  like 
to  ask  in  connection  with  the  question  of  "  string  cfticiencv" 
of  suspcnsion-typ>e  insulators  whether  it  is  possible  to  get 
over  the  trouble  of  the  concentration  of  potential  on  the 
insulators  nearest  to  the  line  by  the  adoption  of  some  sort 
i  shield  as  has  been  done  with  roller-tvpc  lightning 
.\s  regards  the  question  of  cement  for   fixing 
iii-iilaliifs   on    to   pins,   I    believe   litharge   and   glycerine 
ciiiunt  h.is  been   largely  used  for  this  purpose.     Lately 
glycerine  has  been  difficult  to  obtain.     I  should  be  glad 
to  know  if  the  author  can  recommend  any  other  cement  to 
take  the  place  of  the  litharge-glycerine.    A  cement  which 
s«ts  reasonably  quickly   is  essential   for  manv  purposes. 
This  would  prevent  the  use  of  Portland  cement  in  such 
insttnces. 
Eirtoba         ^^^'  ^'  ^''  ^''"'^"'"-M :  I  think  it  is  ven,-  important  that 
*^^      the  cost  of  mainten.incc  of  ovcrhcadlinc  transmission  poles 
should  be  kept  as   low  as  possible.     No  doubt  this  cost 
will  var>-  greatly  with  the  climatic  conditions,  but  I  should 
be  pleased  to  le.irn  if  the  author  has  any  figures  showing 
the  cost  of  m.-iintenance  of  the  types  of  poles  illustrated 
in   his  paper.     I   have   frequently  found  that  sheradizing 
any  of  the  iron  fittings  and  such-like  p.-irls  is  better  than 
galvanizing,  as  very  often  the  metal  is  eaten  away  under- 
neath the-  galvanizing,  leaving  only  the  outer  skin  of  tlie 
that  it  is  difficult  by  casual  observation  "to 
.   tion.     As  it  is  well   known   that  steel  does 
not  corrode  when  emtxrdded  in  concrete,  I  sh.ill  be  pleased 
to  learn  if  the  author  can  express  an  opinion  alx>ut  the  use 
of  concrete  poles.    I  think  one  of  the  main  features  in 
connection  with  overhead-line  transmission  should  \->c  th.it 
the  cost  of  maintenance  is  kept  as  low  .is  possible. 
Ml  aoofb        Mr.  F.  H.  Ci-OioH  :  Can  the  author  state  the  amount 
of   mechanical  wear  which  takes   place   with   suspension 
insulators  ? 
}*r;    _  Mr.  T.  Pi.VMMER  (communicaltii) :  With  regard  to  the 

question  of  ice  coatings  on  conductors,  as  shown  in  the 
table  on  page  416,  it  may  be  pointed  out  that  ice  coatings 
of  a  di.^meter  of  from    i  in.   to  4  in.  were  obser\cd  on 
1, 1,  .„  ..,1,  jnj  telephone  wires  .ifter  the  severe  bliz7.ard  and 
a  which  caused  such  havoc  on  overhcid  lines  in 
t'lc  zNth   March,   1916.     It  is  estimated 
ire  during  the  slorm  was  well  in  excess 
'i  1;  \U.  [H-i   s,j.  a.     The  Post  Office  st.ind.ird  for  aerial 
lincv  provide*  for  a  factor  of  v-Ucty  of  4  for  copper  wires 
."t  ::    !•     under  normal  conditions,  with  an  average  span 
I'  ui-.'u    i  -r  s:ird».     The  factor  of  safety  is  increa.sed  to  6 
tns   in   exposed   positionv     The   f.ictor   of 
oted  wooden  polc»  i«  H,  and  these  figures 
•    anv  allowance   for   snow   accumiil.«tions. 
'  '  :  raUHown  of  U«t  year  has  also  once  more 

ihr  A  «vpc   of   pole-   <-r<n>.triiction   for 
'  liMii  of  Iht    I 

Ami   ,  ,^,  I 


heavy  stresses,  as  against  either  single  poles  or  H  poles.  Mr. 
The  objection  to  the  A  pole  is  the  difiiculty  in  securing     """" 
equal  spacing  in  the  vertical  and  horizontal  distances  to 
provide  regular  squat  es  for  the  revolving  telephone  loops 
on  arms  of  uniform  length.     On  A  poles  the  lower  arms 
arc  now  somewhat  longer. 

Mr.  G.  V.  Twiss  (in  reply):  In  regard  to  Dr.  Kapp's  Mr.T«l« 
remarks,  I  hope  that  the  paper  and  the  discussion  thereon 
will  do  something  to  dispose  of  any  idea  which  may  exist 
that  engineers  and  engineering  firms  abroad  are  the  only 
people  who  understand  extra-high-tension  transmission 
tines.  I  am  glad  that  Dr.  Kapp  has  referred  to  the 
question  of  the  relative  cost  of  electric  power  from  coal 
and  from  water.  It  was  not  my  intention  to  infer  that 
power  from  water  is  necessarily  cheaper  than  power 
from  coal.  I  would  refer  Dr.  Kapp  to  my  reply  to  Mr. 
Trotter  (page  442),  and  I  believe  my  statement  to  be  correct 
that  in  large  bulk  there  is  little  difference  l^etwccn  the 
cost  of  generating  from  coal  and  that  from  water.  Dr. 
Kapp's  remarks  in  regard  to  Mr.  Moligniano's  method  of 
overcoming  the  effect  of  shunt  capacity  with  the  Wurtz 
lightning  arrester  arc  of  interest.  The  advantage  of  the 
B3  arrangement  (Fig.  2)  docs  not  lie  so  much  in  preventing 
a  falling  broken  wire  from  fouling  a  wire  below  but  rather 
in  the  prevention  of  wires  fouling  one  another  when  un- 
evenly borne  down  by  snow  or  ice,  or  springing  up  when 
such  snow  or  ice  falls  off. 

Dr.  G.irrard  also  refers  to  the  relative  cost  of  generating 
electrical  energy  from  coal  and  from  water.  I  quite  agree 
that  a  more  economical  use  of  coal  would  lead  to  exten- 
sive ovcrhcid  transmission  and  necessitate  the  apphcation 
in  this  country  of  some  of  the  practice  which,  up  to  now, 
has  been  developed  for  transmission  lines  abroad,  in  con- 
nection with  the  very  high  pressures  referred  to  in  the 
paper.  In  that  connection.  Dr.  Garrard's  reference  to 
the  desirability  of  an  Kngineering  Stand.irds  Committee 
to  deal  with  transmission  lines  is  a  suggestion  which  may 
be  worthy  of  consideration.  I  am  acquainted  with  the 
method  to  which  Dr.  Garrard  refers  for  delecting  slight 
degrees  of  porosity  in  porcelain  insulators.  This  method 
is  sound,  provided  that  efficient  means  arc  adopted  to 
collect  the  leakage  current  over  the  surface  of  the  insulator, 
thus  only  measuring  the  leakage  current  through  the 
insulator  itielf.  Dr.  Garrard  remarks  that  apparently  the 
electric  strength  of  air  increases  in  the  neighbourhood  of 
thin  wires,  points,  etc.,  and  he  states  that  a  ver>'  ingenious 
explanation  of  this  fact  has  been  put  forward,  but  he  docs 
not  mention  whose  explanation  he  is  alluding  to.  He  also 
refers  to  Mr.  F.  \V.  Peek,  Jnr.,  but  according  to  such 
theorN-  as  I  have  seen,  including  that  of  Mr.  Peck,  this 
variation  is  only  apparent,  and  in  actuality  the  dielectric 
strength  of  air  or  the  critical  disruptive  gr.idicnt  (jj,>  re- 
mains constant  for  a  given  density.  The  critical  disruptive 
gradient  has  no  visible  effect,  and  the  visible  effect,  i.e. 
corona,  requires  a  higher  gradient  at  the  wire  surface, 
known  as  the  critical  visual  gr.idicnt  {g,  1,  in  order  to  supply 
the  neccssarv  amount  of  energy  to  cause  the  breakdown  or 
rupture  of  the  air  between  a  finite  radial  distance  in  space 
away  from  the  conductor,  where  the  stress  is  g,.  and  the  »ur-  ' 

face  of  the  conductor  i\%cU  where  the  stress  is  g,.  The  finite 
radial  distance  in  sp-ice  away  from  the  surface  of  the  con- 
ductor is  found  to  be  a  function  of  the  size  of  the  conductor, 
as  is  expressed  thus,  0301  v^rcm.,  where  rss  r.idius  of  the 
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■wire.  Hence  with  small  conductors  the  stress  g-^  must  be 
greater  than  with  large.  The  electron  theory  may  also 
be  applied  in  agreement  with  the  above.  I  do  not  know 
whether  or  not  this  may  be  the  ingenious  explanation  to 
which  Dr.  Garrard  refers  and  which  he  does  not  accept 
as  the  real  physical  explanation.  The  use  of  a  shield 
would  draw  some  of  the  flux  away  from  the  pin  of  the 
insulator  unit  nearest  to  the  line,  thereby  improving  the  flux 
distribution  therein.  The  insulator  unit,  however,  would 
still  have  to  carry  practically  the  same  amount  of  flux, 
and  consequently  the  potential  gradient  in  such  unit 
would  not  be  materially  reduced.  The  use  of  such  a 
shield  if  well  dished  would  simulate  the  effect  of  a  large 
sphere  and  would  therefore  have  the  advantage  of  reducing 
the  time  lag  under  steep  w.-ive-front  conditions,  but  it  is 
questionable  whether  it  would  justify  the  additional  trouble 
and  expense  from  this  point  of  view  alone.  I  think  that 
Portland  cement  of  the  quick-setting  variety  would  fulfil 
Dr.  Garrard's  requirements. 

Mr.  Engholm  refers  to  an  important  point  when  he 
mentions  the  cost  of  maintenance  of  overhead  transmission 
poles.  According  to  all  American  records  their  steel  poles 
last  longer  and  require  less  maintenance  than  their  wood 
poles.  This,  however,  is  largely  due  to  the  fact  that  they 
do  not  creosote  their  wood  poles  as  we  do.  Experience 
in  this  country  appears  to  prove  that  creosoted  wood  poles 
are  less  expensive  to  maintain  than  are  steel  poles.  Of 
methods  of  covering  steel  poles  sherardizing  would  be 
very  desirable,  but  in  this  country  the  cost  is  prohibitive 
and  I  have  never  heard  of  the  method  being  used  for  this 
purpose.  Galvanizing,  which  is  so  often  used  in  America, 
I  am  not  in  favour  of,  as  if  the  coating  gets  damaged 
(which  is  so  likeh'  to  happen  in  transit)  then  rust  starts 


at  this  point,  and,  as  Mr.  Engholm  states,  once  started  Mr.  Tmst 
metal  is  often  eaten  away  underneath  the  galvanizing. 
It  is  consequently  almost  impossible  adequately  to  check 
such  trouble  once  started.  The  important  thing  is  to  get 
the  steel  on  site  without  any  rusting  point  having  started. 
Paint  is  liable  to  get  chipped  off  in  transit  and  rusting  to 
start,  and  one  of  the  best  methods  I  know  of  is  to  immerse 
the  steel  whilst  hot  in  linseed  oil,  which  leaves  nothing  to 
flake  off.  It  will  then  arrive  on  the  site  ready  for  erection, 
free  from  any  starting  points  of  rust,  and  ready  to  take  a 
coat  of  paint.  The  fact  that  reinforced  concrete  poles 
are  not  liable  to  deterioration  by  rust  is  a  great  point  in 
their  favour,  and  I  would  refer  Mr.  Engholm  to  Mr.  Byng's 
re'marks  (page  440)  on  the  subject  of  reinforced  concrete 
poles  and  my  reply  thereto. 

In  repl)'  to  Mr.  Clough,  most  of  the  mechanical  wear 
with  suspension  insulators  takes  place  at  the  point  of 
attachment,  i.e.  between  the  eye  piece  of  the  suspension 
insulator  and  the  link  which  connects  between  the  eye 
piece  and  the  pole.  These  are  usually  designed  with 
additional  material  over  and  above  that  required  for  the 
mechanical  load  to  provide  for  wear.  Evidentl}'  this  ade- 
quately gets  over  any  possibility  of  trouble  due  to  wear, 
as  I  have  never  heard  of  any  suspension  insulators  coming 
down  owing  to  their  link  attachment  being  worn  through. 

The  figures  which  Mr.  Plummer  gives  as  to  the  amount 
of  ice  on  Post  Office  wires  during  the  storm  of  March  1916 
are  of  great  interest.  Personally,  I  believe  the  A  pole  to 
be  the  best  type  of  wood-pole  construction  and  I  am  glad 
to  see  that  the  experience  of  the  Post  Office  is  leading 
them  to  that  conclusion,  notwithstanding  the  objection 
which  occurs  with  telegraph  and  telephone  lines  in  regard 
to  the  different  lengths  of  the  many  cross-arms. 
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ELFXTRIC    WAVE    PHENOMENA    IN    THE    DYNAMO-ELECTRIC 

MACHINE. 

By  F.  Ckeeuv,  Associate  Member. 

{P.if'cr  ftiil  rciciicd  ~  Juiii.  1916,  aiul  in  final  form  20  Marcl:,  1917.) 


Part    I. 

GENERAL  M.\THEM.\T1CAL  THEORY. 

Section  i. 

The  present  paper  lias  been  written  as  an  introduction 
to  the  exact  study  of  a  class  of  phenomena  of  constant 
occurrence  in  important  industrial  machinery.  The  exist- 
ence of  these  phenomena  is  almost  unknown  to  the  practical 
engineer  and  is  barely  hinted  at  in  treatises  on  m.ithc- 
matical  physics.  While  the  existence  of  such  a  general 
type  of  wave  is  known  to  engineers,  the  manner  in 
which  it  occurs  in  dynamo-electric  machines  has  never 
been  discussed. 

These  phenomena  arc  due  to  a  type  of  electric  wave 
which  may  be  proved  to  exist  in  magnetic  structures 
interlinked  with  electric  circuits.  It  is  shown  below, 
indeed,  that  two  types  of  one-dimensional  electric  wave 
exist,  viz.  that  present  in  cables,  which  has  been  so  exten- 
sively studied  by  Kelvin,  Heaviside,  Pupin  and  many 
others,  and  a  second  reciprocal  type  in  which  the  functions 
of  m.iRnctic  and  electrostatic  lines  arc  interchanged.  This 
ithcrto  been  insufficiently  studied  and  forms  the 
:  the  investigations  of  the  present  paper.  Such 
an  investigation  forms  the  most  suitable  basis  for  a  general 
theory  of  the  dynamo-electric  machine. 

In  Section  2  of  the  paper  wc  first  of  all  develop  a 
number  of  fundamental  diffcrcnti-il  equations  which  arc 
shown  necessarily  to  characterize  every  dynamo-electric 
machine.  These  equations  are  shown  to  be  a  particular 
c.i^  of  Maxwell's  equations  of  the  electromagnetic  field. 

In  Section  y  these  general  ci|u:ilinns  are  discussed,  and 
it  is  shown  that  their  solution  is  necessarily  periodic  in 
time  and  space  and  consists  in  fact  of  an  infinite  scries  of 
independent  lurmonic  waves  (including  a  constant  term — 
Ihc   homopolar  solution).     Further  developments  of  this 

kcction  h-.-  ■■  ' ■  published  by  the  author  in  his  paper 

"  The  CI..  of  Electromagnetic  Machinery."  *       . 

Af'  <n  of  the  nu-llio<U  of  connecting 

lb''   ■  p.T*-*  to  Section  4,  in  which  we 

ret    of    the    subject   and 

■  f  motion  of  such  waves 

for  ■  ':icc,  inductance,  and  capacity. 

It  1^  ..  c»  give  rise  to  various  forms 

of  complex  quadratic  equation,  and  a  graphical  solution 

it  given  of  <iuch  an  equation.     In  Section  <;  a  solution  is 

given  of  mo*t  of  the  forms  of  differential  eqnatiun  stated 

II  4,  many  of  them  l>cing  discuk»cd  in  considerable 

'Uit  Amtnuin  ItuittmU  of  BitttrttM   Bnginten,  t<)ts. 


Before  proceeding  to  the  main  portion  of  our  investiga- 
tion we  must  first  formulate  a  preliminary  definition  of  the 
dynamo-electric  machine  from  which  to  start. 

The  "  dynamo-electric  m.-»chine  "  consists  essentially  of 
two  members  capable  of  mutual  rotation,  a  single  magnetic 
flux  common  to  the  two,  and  two  electric  circuits  one  on 
each  member,  interlinking  the  Rux.  In  one  or  two  excep- 
tional cases  only  one  electric  circuit  is  used,  but  these  we 
shall  not  consider. 

Two  forms  of  mechanical  construction  are  in  use,  one  in 
which  revolving  and  stationary  parts  arc  separated  by  a 
short  air-gap  uniform  throughout  the  periphery,  and 
another  in  which  salient  poles  arc  used.  This  latter  type, 
however,  is  not  of  general  application,  being  suitable  only 
for  continuous  current  .and  some  forms  of  single-phase 
machine,  both  of  which  types  may  from  the  technical 
point  of  view  be  equally  well  built  with  uniform  air-gap. 
Wc  shall  therefore  consider  tlic  uniform  air-gap  type  to  be 
the  standard.  In  order  to  minimize  magnetic  leak.ige  the 
conductors  in  both  elements  are  disposed  in  slots  as  close 
as  possible  to  one  another — that  is,  as  close  as  possible  to 
the  air-gap,  since  they  are  in  relative  rotation.  These  con- 
ductors are  interconnected  in  various  ways,  but  as  if  is  the 
purpose  of  our  investigation  to  study  these  different 
methods  of  connection,  we  must  not  prejudge  the  question 
by  assuming  the  machine  to  be  connected  in  any  p.irticular 
way. 

Finally,  although  in  actual  m.ichincs  the  air-gap  surface 
is  almost  invariably  cylindric.il,  we  shall  assume  it  to  be 
plane,  i.e.  in  the  usual  phrasenlogy,  that  the  machine  is 
developed.  Later  we  shall  be  able  to  formulate  an  exact 
and  scientific  definition  of  the  dynamo-electric  machine. 

Section  2.— Fuvn.xMi-.XT.vL   Laws  ok  thf.  Ei.f.ctkic 
Machink. 

We  h.ivc  seen  in  Section  i  that  omitting  everything  non- 
essential in  our  dynamo. electric  machine,  assuming  a 
constant  air-gap  all  round  the  periphery  with  all  the 
reluctance  of  the  machine  concentrated  in  it,  and  de- 
veloping the  machine  so  that  the  gap  surface  is  a  plane 
instead  of  a  cylindrical  surface,  it  may  be  represented  as 
in  Fig.  I. 

It  consists  of  two  magnetic  elements  separated  by  the 
air-gap  and  capable  of  relative  motion  along  the  .axis  of  .r. 
Each  of  the.se  elements  bears  a  number  of  electric  con- 
ductors perpendicular  to  the  plane  of  the  paper  or  parallel 
to  the  axis  of  r,  say.  The  axis  of  v  may  be  taken  perpen- 
dicular to  the  air-gap  surface.  Wc  shall  have  very  little 
occasion  to  use  the  axes  of  y  and  r  but  sh,ill  be  constantly 
using  that  of  x. 

In  consequence  of  the  assumption  uf  a  constant  air-gap 


IN   THE   DYNAMO-ELECTRIC   MACHINE. 


451 


all  round,  with  all  the  reluctance  of  the  machine  concen- 
trated in  it,  we  get  our  first  fundamental  equation  : — 

B  =  ,<H (i) 

"  Magnetic  density  is  proportional  to  magnetomotive 
force  at  ever)'  point  of  time  and  space." 

We  here  neglect  saturation,  of  course,  and  /i  must  be 
taken  to  represent  not  the  permeability  but  the  permeance 
of  unit  area  of  the  air-gap. 


O  O  O  O  O  O  Olio  o  o  o 

o  o  o  o  o 
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-X- 

>- 

o  o  o  o  o  o  o|o  o 

i 

o  o  o  o  o  o  o 

Fig.  I. 


Our  second  fundamental  equation  is  still  more  obvious  if 
possible.  The  ampere-turns  included  within  any  stretch 
of  the  machine  are  a  measure  of  the  magnetomotive  force 
H  in  accordance  with  the  well-known  equation  : — 

ampere-turns  =  —  H  in  electromagnetic  units. 
4  'f 

The  ampere-conductors  are  just  twice  the  ampere- 
turns;  hence  they  also  are  a  measure  of  H.  In  "rational 
units,"  which  we  shall  adopt,  the  constant  io/(8  tt)  is  got 
rid  of  and  H  is  identical  with  the  ampere-conductors. 

Now  it  seems  a  truism  to  say  that 

ampere-conductors  per  cm, 

:=  current  densitj'  per  cm.  of  peripher)-. 

Nevertheless,  putting  this  into  symbols  we  get  the  equation 
dVi,ldx=  \i  for  one  member,  and  dH^jd  x  ^  A,  for  the 
other.  If  we  use  A,  for  the  current  density  in  the  first 
member  and  H,  to  measure  the  ampere-conductors, 
d  HJd  \-  will  be  the  ampere-conductors  per  cm. 

Putting  H  =  H,  -(-  H,  to  measure  the  resultant  current 
densitj'  we  get  our  second  equation  : — 

rf  H/rf  .V  =  .1, -t- A, (2) 

We  can  illustrate  this  equation  by  reference  to  particular 
cases. 


Fig.  2. 

We  see  in  Fig.  2  (c)  that  A  is  zero  everywhere  along  the 
periphery  except  for  certain  small  lengths  where  it  has  a 
constant  value.  It  is  shown  at  (6)  in  the  form  of  a  curve  ; 
(a)  shows  the  magnetomotive  force  due  to  it,  a  square- 
topped  wave  as  is  obvious,  having  a  constant  value  every- 
where except  where  there  is  current.  It  is  clear  that  the 
curve  (6)  is  the  slope  or  differential  coefficient  of  curve  [a), 
as  stated  by  our  equation . 


Another  example  we  may  take  from  an  ordinary  con- 
tinuous-current armature  winding  developed.  The  current 
density  here  is  everywhere  the  same,  so  that  it  is  repre- 
sented by  the  square-topped  curve  marked  A.  H,  how- 
ever, rises  to  a  maximum  at  the  point  where  the  current 
reverses,  and  then  decreases.  It  is  clear  that  the  slope  of 
H  is  constant,  reversing  after  passing  the  apex,  and  hence 
that  it  is  represented  by  a  square-topped  curve  such  as  A. 
A  third  fundamental  equation  is  the  following  : — 
Let  E  be  the  electromotive  force  per  bar,  i.e.  potential 
difference  between  opposite  ends  of  the  same  bar  at  the 
point  X.  Then  the  potential  difference  d  E  between 
adjacent  bars  will  be  equal  to  the  time  rate  of  change 
of  magnetic  density  d  Bjd  I  between  them  multiplied  by 
dx,  or 

d  E./rf  x  =  dBldt (3) 

which  may  be  read  "  Potential  difference  between 
adjacent  bars=time  rate  of  change  of  magnetic  density 
between  them." 

If  in  addition  one  of  the  members  be  moving  with 
respect  to  B  at  speed  v,  we  shall  have  a  further  potential 
difference  between  adjacent  bars  equal  in  absolute  units 
to  I'  times  the  difference  of  densitj'  d  B  in  the  lines  cutting 
them  at  the  given  instant. 

Thus  we  get  in  this  case 

dE:.={dBldi)dx+v(dB),  or  dEJdx=dBldt+v{dBldx)  (4) 

which  may  be  read  "Total  potential  difference  between 
bars  =  time  rate  of  change  of  magnetic  density  4-  v  times 
the  difference  of  magnetic  density  at  each  bar." 

The  equations  which  we  have  just  deduced  forma  set  of 
differential  equations  characterizing  the  dynamo-electric 
machine  of  the  most  general  type,  homopolar  or  multipolar. 

In  order  to  illustrate  the  meaning  of  these  equations  we 
may  study  a  very  important  case  by  considering  a  flux  wave 
stationary  in  space  so  that  rf  B/rf  /  =  o,  while  the  two 
elements  of  the  machine  move  past  it  with  speeds  !■,  and 
Tj,  respectively.     The  equations  then  take  the  form  : — 


dH 

dx 


=  A, -f  A,; 


rfE. 
dx  '' 


rfB 

'  dx  • 


rfE, 

dx  '' 


ciB 
dx 


The  last  two  equations  may  be  integrated  imruediately, 
giving 

E,  =  j'x  B  -f  C,  and  E,  =  :•,  B  -f  C,. 

C,  and  C.  relate  to  a  possible  superposed  homopolar  dis- 
tribution and  may  be  neglected. 

In  general  such  a  wave  of  fixed  form  moving  as  a  whole 
at  a  constant  speed  may  be  represented  by  an  arbitrary 
Fourier  series. 

B  =  T^BrSin{r{mx—pr)  +  a] 

d  Bldt  =  —p  2,  r  Br  cos  | r  (m .v  —  /  i)  -f  a} 

d  Bjd  .r  =  m  2,  r  B,  cos  [r  (mx—pf)  +  a\ 

so  that  dBId  t  =  —  (pim)  {d  Bjdx),  and  we  can  reduce  our 
general  equations  to 

dHldx  =  S,  -t-  A,; 

d-EJdx  =  —  (plm)  {dBldx),  or  E,  =  — (/>  w)  B  +  C  ;  and 
dEJdx  =  lv^—{plm)  [dBldxY]  or,  neglecting  arbitrary 
constants,  Ej  =  [i  — 1'=  (»!//>)]  E.. 
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When   r.(iii/^)=   i,    E,  =  o,   which   is  another  way  of 
•  "C  that  when  the  member  corresponding  to  E,  runs 
same  speed  as  the  flux  there  is  no  electromotive 
Ilicc  in  it. 

Annthcr  genera]   law    arises    from    the    fact    that   our 
-  in  part  a  moving  body  and  therefore  subject 
..ral  law*  of  motion,  and  in  particular  to  the  law 
that  "action  and  reaction  are  equal  and  opposite." 

The  force  acting  on  any  conductor  at  the  point  .v   is 
B^</r  in  absolute  units. 

The  total  force,  therefore,  acting  on  any  stretch  of  one 
clement  from  zero  to  a,  say,  is 


(5) 


F  is  usually  given,  being  the  load  on  the  machine. 

If  F  is  equal  and  opposite  to  the  force  on  the   other 
member  we  get 

j    Ba,</.v  =  — I    Bi.rfi-,or   I    B(A,  +  A,)</4:  =  o.     (6) 

Jq  Jo  Jo 

This,  however,  is  not  necessarily  the  case  except  for  the 
whole  machine. 


^ 

•r, 

P?l 

•TPe 

Fig.  3. 

\Vc  may  .ilso  express  these  equ.itions  in  terms  of  the 
tlux  *  tlirough  the  core  of  our  machine.  Let  us  assume 
that  the  core  length  along  the  axis  of  7.  is  unity.  Then  the 
flux  crossing  the  air-gap  in  the  disLincc  i',  — x,  =  ♦,  —  ♦;. 
But  we  know  that  the  mean  air-gap  density  B  in  any 
length  X,  —  V,  is  the  flux  crossing  the  gap  in  that  length 
divided  by  the  length  or 


B  = 


♦,— *.      </« 


^  -r-  in  the  limit. 
ax 


We  also  have,  of  course,  H  ■=■  B//j  ^  (1//1)  (1/  ♦/(/  v).  Sub- 
stituting these  values  in  the  equations  given  above  and 
integrating  the  two  E.M.F.  equations,  we  get 

(l/^)(</'*/</x*)=.i,+A.;  E,=d*ldl;  E.=il*liil+v(il*ldx); 

a  form  of  the  equations  which  is  often  much  more  con- 
venient than  the  original  form. 

Scic  to  Section  2.— M.ixwcll's  equations,  in  the  form 
given  by  Heavisidc,  are 

cur1{E-ei  =  -,i\\j,ll, 
and         curl  H  =  .1,  the  current  density  (a  vector), 

where  e  it  tbc  "motional"  electromotive  force  Vq  B,  and 
qi»^ 

If  icnis  nf  H  and  (E  —  e)  parallel  to 

ll„  ll„  II,.  and  (V.  —  c\.  (K— f).,  (K  —  r), 
:ieM;  cquati'in'i  in  C'artcsi.m  co-ordinates  will 
be  at  iollowt : — 


HHj     rfH. 

'iy''dz   ' 


'4.; 


•I  II 

tti 


d'x 


</ll 
dy 


-     .    -  =  4. 


and 


dv 


d  {E--e). 
'       dz       ■ 


rfB, 

"dT' 


rf (E  —  r),  _  rf  (E  —  e\  _  _ dji, 
dz'  dx  dl  ' 


d(E  —  e),     d{K  —  e), 


dx 


dy 


dBj 

■  dt 


Now  if  we  take  H,=  H,=o,  or  H  parallel  to  the  v  axis, 
and  {E  —  e),  =  {E  —  e),  =  o,  or  K  —  e  parallel  to  the  r  axis, 
wliilc  q  is  parallel  to  .v  of  length  r,  wc  get 

</H./</.v  =  A;  rf(E  — fV''«=rfB/<//;  c  =  :]i; 

so  that  d  Eld  x  =  d  B;./  /  +  V  (d  lildx). 

Thus  wc  have  reproduced  two  of  the  equations  which 
wc  obtained  before,  the  third  of  course  being  obtainable 
by  simply  putting  v^o. 

The  second  form  of  the  equations  in  terms  of  ♦  is 
analogous  to  Maxwell's  form  in  terms  of  the  vector- 
potential  A.  For  the  case  where  all  the  lines  of  force 
lie  in  ouc  plane  we  may  interpret  A  as  the  total  number 
of  lines  of  force  surrounding  a  point. 


EQUATIONS. 

Collecting  the  results  of  the  investigations  of  the  last 
Section,  wc  tind  ourselves  in  possession  of  the  following 
equations  : — 

(1)  B=:;/H.     Equation  of  m.igiictic  density. 

(2)  d  Hid  X  =  A,  -♦-  i,.     Magnetomotive  force  equation. 

(3)  dE,id.\=dBldt.     Stator  E.M.F.  equation. 

(4)  d  EJdx  =  <y  B/</  /  +  t((/  B/./.1).     Rotor  E.M.F.  equa- 

tion. 

f" 

(5)  F  ^     B.it/x.     Force  or  torque  equation. 

Jo 

(6)  B(A,  -f  A,)</.r=o.    Slating  that  .iction  and  re-action 

•'o 

.ire  equal  and  opposite. 

Let  us  sec  wlial  gener.il  conclusions  wc  cm  draw  from 
these  equations — 

(i)  The  dilTcrential  equations  are  linear  equations  of 
the  first  order  in  v  and  /.  These  equations  implicitly 
assume  th.1t  the  flux  crossing  the  gap  is  due  to  the  current 
distribution  in  the  conductors.  This  is  not  true,  for 
instance,  in  the  homopolar  macliincs,  where  Equation  (J) 
takes  the  form  u/H  —  HJ,./  v  =  .!,-♦-  A,. 

Before  wc  cm  dc.il  usefully  with  these  equations  wc 
must  limit  their  generality  by  applying  any  further  general 
conditions  we  can  discover,  necessitated  by  the  nature  of 
our  problem.     One  such  condition  is  the  following  :  — 

III  practice  the  electric  machine  cuiiiot  be  of  infinite 
extent  but  must  be  annular,  that  is  to  say,  if,  starting  front 
any  given  point  we  go  round  the  circumference,  wc  return 
again  to  tlic  same  point.  In  our  development  this  fact 
will  take  the  lollowing  form. 

Starting  from  a  point  O  (Fig.  4)  and  proceeding  to  the 
right  wc  arc  compelled  to  assume  that  when  we  have 
travelled  through  a  distance  C  equal  to  the  circumference 
of  our  annular  machine,  every  quantity  mentioned  in  our 
equations  rcMiincs  its  original   value— that  is  to  say,  the 
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solution  of  our  equations  is  periodic  with  respect  to  ,v  and 
with  period  C.  We  only  desire  to  study  steady  conditions, 
hence  our  quantities  must  be  constant  or  periodic  with 
respect  to  time  also.  There  is  no  necessary  relation 
whatever  between  the  time  periods  and  the  space  period, 
but  the  knowledge  that  the  solution  is  periodic  in  both 
time  and  space  enables  us  to  effect  a  very  important 
simplification. 

Hence  the  general  form  of  solution  to  which  we  arc 
limited  is 

H  =  S,.  Hr  Hr  sin  («,  V  +  lirt  +  7r)- 

In  the  travelling  wave  discussed  in  Section  2,  which 
moves  at  a  fixed  speed  without  change  of  shape,  we  had 
/3,/a,  =  V,  a  constant.  In  our  present  wave,  however, 
there  is  no  relation  whatever  between  «,.  and  /3,  and 
hence  H  consists  of  an  unlimited  number  of  waves  the 
wave-lengths  of  which  are  sub-multiples  of  the  circumfer- 
ence, but  which  travel  at  perfectly  arbitrary  speeds  and 
are  therefore  entirely  independent  of  one  another. 

Since  we  are  permitted  to  assume  that  some  or  all  of  the 
lines  of  force  crossing  the  air-gap  arc  closed  outside  the 
system  discussed,  as  in  a  homopolar  machine,  we  cannot 
deduce  the  periodic  nature  of  the  solution  from  the  fact 
that  all  magnetic  lines  must  necessarily  be  closed.  Ex- 
cluding homopolar  machines,  however,  a  periodic  solution 
would  be  necessitated  bv  this  fact  also. 
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Fig.  4. 

Since  it  may  easily  be  proved  that  all  the  different  com- 
ponents of  the  above  general  wave  are  independent  unless 
in  virtue  of  some  special  method  of  connecting  the  face- 
conductors,  we  may  confine  our  attention  in  the  first  place 
to  machines  containing  a  single  wave.  Such  machines 
may  be  broadly  subdivided  into 

(1)  Those  containing  a  forced  wave  of  flux  density,  etc., 
i.e.  a  wave  whose  wave-length,  amplitude,  and  phase  are 
determined  by  external  circumstances — the  interconnec- 
tion of  the  face-conductors,  the  voltage,  and  frequency  of 
supply,  etc.  Such  machines  form  the  vast  majority  of 
practical  apparatus.  It  will  be  worth  while  to  examine 
briefly  how  the  wave-length  is  determined  in  such  a  tj'pe. 

Instead  of  considering  all  the  conductors  as  indepen- 
dent as  we  have  hitherto  done,  we  must  now  consider  how 
they  may  be  connected  among  themselves.  They  may  be 
connec|;ed  : — 

(i)  All  in  parallel,  forming  a  squirrel-cage  winding. 

(ii)  All  in  series,  forming  a  ring  vi'inding.  In  this  case 
the  connection  from  one  end  of  a  conductor  passes  com- 
pletely around  the  core  carrying  the  flux  to  the  beginning 
of  the  next  conductor. 

Both  these  methods  of  connection  are  independent  of 
the  wave-length  of  the  flux  wave.  The  former,  however, 
is  incapable  of  connection  to  an  external  circuit ;  we  may 
therefore  confine  our  attention  to  the  latter. 


If  a  periodic  wave,  such  as  we  proved  above  necessarily 
exists  in  a  dynamo-electric  machine,  is  present  in  a  core 
carrying  a  ring  winding,  points  a  wave-length  apart  will 
be  at  the  same  potential  and  may  be  joined  bj'  a  con- 
ductor known  as  an  "  equalizer."  When  this  has  been 
done  it  is  impossible  for  any  wave  to  exist  having  a  wave- 
length different  from  that  determined  by  the  points  to 
which  the  equalizers  are  joined.  Again,  points  half  a 
wave-length  apart  may  be  joined  to  opposite  sources  of 
potential,  constant  or  alternating,  or  points  i/(ith  of  a 
wave-length  apart  to  sources  of  alternating  potential 
differing  in  phase  by  2  tt/ii. 

From  these  methods  of  connection  as  fundamental  we 
may  derive  by  the  theory  of  "armature  windings"  aU  the 
methods  of  winding  employed  in  actual  machines,  prac- 
tically all  of  which  involve  a  forced  wave  of  flux.  The 
present  paper,  however,  is  devoted  to  an  entirely  different 
class  of  apparatus,  namely, 

(2)  Those  containing  a  free  wave  of  flux,  or  in  other  words 
one  whose  wave-length  is  determined  by  internal  reactions 
and  hence  is  variable  instead  of  being  externally  impressed. 

A  B 


Fig.  5. 

These  waves  can  only  occur  in  a  type  of  winding  in  which 
the  current  in  any  bar  is  solely  determined  by  the  electro- 
motive force  in  the  same  bar,  and  not  by  the  electromotive 
force  in  a  series  of  b.irs.  The  only  type  which  fulfils  this 
condition  is  the  squirrel-cage  type. 

Hence  the  type  of  machine  with  which  we  shall  deal 
will  be  one  carrying  a  squirrel-cage  winding  on  one 
member  and  on  the  other  merely  a  primary  winding 
concentrated  at  one  point  in  the  zone  which  we  are 
studying,  or  at  a  limited  number  of  points  in  the  whole 
machine. 

Such  a  machine  is  shown  in  Fig.  5.  It  consists  of  an 
ordinary  squirrel-cage  rotor  and  a  primarj'  member  wound 
ring-wise  around  the  core  and  concentrated  in  a  single 
slot.  The  diameter  of  the  apparatus  is  assumed  to  be 
sufficiently  great  to  enable  the  disturbances  on  the  posi- 
tive side  of  the  primarj'  member  to  die  awaj'  before 
passing  sufficiently  far  around  the  machine  to  meet  those 
on  the  negative  side. 

In  the  following  sections  a  thorough  study  is  made  of 
such  an  apparatus  and  the  influence  of  resistance,  self- 
induction,  and  capacity  in  the  rotor  is  worked  out,  "as  well 
as  that  of  various  secondarj'  windings  on  the  stator. 
Having  done  this  we  are  in  a  position  to  consider  the 
effects  of  two  such  coils  wound  in  opposite  phases  on 
opposite    ends    of     a     diameter    and     carrying    opposite 
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currents.  These  arc  equi\-alent  to  a  drum-wound  coil ; 
and  having  studied  such  a  coil  we  can  build  up  by  the 
method  of  superposition  the  precise  flux  and  current  dis- 
tribution due  to  a  number  of  such  coils,  i.e.  to  a  slotted 
stator  such  as  is  actually  used  in  practice. 

Occasionally  we  wisli  to  consider  what  is  taking  place 
in  a  moving  rotor  at  a  point  fixed  in  space  rather  than  at  a 
point  fixed  in  the  rotor.  In  this  case  it  is  helpful  to  con- 
sider the  rotor  as  being  ring-wound  and  connected  to  a 
commutator  carrying  a  number  of  equally  spaced  brushes 
at  distances  apart  which  are  small  relative  to  the  wave- 
length, in  fact  at  distances  which  we  denote  by  il  x. 
These  brushes  .are  assumed  to  be  short-circuited  through 
a  resistance,  inductance,  or  capacity.  It  is  shown  below 
that  there  is  a  vital  difference  between  the  cases  in  which 
the  inductance  and  capacity  arc  assumed  to  be  connected 
across  the  brushes  and  that  in  which  they  are  contained 
in  the  secondar)'  member  and  revolve  with  it. 

Skctiox  4. — Egi'ATioxs  of  Motion  oh  the  Waves  due 

TO    ResISTAXCE,    IXDl'CTAXCE,   AXI>   CAPACITY. 

As  above,  we  shall  consider  that  on  one  clement  of  our 
machine  there  is  only  a  primary  winding  concentrated  at 
one  point,  and  consequently  that  the  three  differenti.1l 
equations  deduced  in  Section  2  arc  reduced  to  two. 
These  two  equations  arc 

rf  H/J  J  =  A  ;  and  rf  E/rf  .v  =  rf  B/J  /  -(-  :•  (</  B/rf .»). 

We  shall  find  it  convenient  as  was  done  in  Section  2  to 
express  these  equations  in  terms  of  the  flux.    VVc  then  get 

{ilfi){J'*ldx'}=i:  and  E=d*lill  +  :i(i*ld.\)=il*l,1l+vli: 

or  if  wc  suppose  both  members  to  be  wound 

(il^){d'*ldx')  =  X+S,; 

E,  =  </*/<//:    E.  =  d*ldl  +  v(d*ldx). 

There  are  two  possible  ways  of  treating  c.ich  case.  We 
have  a  primary  and  secondary  member  rotating  relatively 
to  one  another.  We  m.ay  consider  the  secondary  to  be 
rotating  and  the  prim.iry  to  be  stationary  (Case  i),  or  vice 
versa  (Case  2). 

Let  Z  be  the  symbolic.il  operator. 

r  +  L  D  +I/K  n,  where  D  =  did  I. 

Wc  may  use  Z,  for  the  primary  member  and  Z,  for  the 
secondary.  Corresponding  to  the  first  method  of  treat- 
ment (primary  slation.iry)  wc  have  the  following  differential 
equations : — 

(I/,.)  (d- *ld  »«)  =  A,  -»-  A,  =  K./Z.  -f-  E,/Z.  ; 

E,=d*ldl;  and  E.  =  d  ♦/</  t  +  v(d  ♦/./  v). 

These  equations  are  partial  differential  equations,  but  wc 
assume  that  every  quantity  follows  a  sine  law  in  time,  or  in 

mathematical  ' -,  when  ir=sconsianl,*  =  A<'''.    In 

Ihu  caM;  wc  ,  ih\y  d*  d I  ^  t /•  1'  in  any  stationary 

'is  value   in   our  ei|uatinns   we 
;    tn  ordinary  diffrrcnli.il  cqua- 
tiuuik,  vu. 

(tl^){d'*idir)^x  +  \:  t.,  =  Jt*:  I-.  =  ; /^  i' -f  :i«' •»■.<<. v;, 
I  being  eliminated. 


If  by  means  of  some  further  relation  between  E  and  A 
such  as  is  given  above  wc  eliminate  both  from  our  equa- 
tions, we  find  invariably  that  the  result  is  an  ordinary 
differential  equation  of  the  second  order  in  <t>  whose 
solution  is  of  the  form  ♦  =  »„r' "*'*'.  This  gives 
d*ldx:=S*,  and  permits  us  to  eliminate  d/d  x  from  our 
equation  as  well,  reducing  it  to  .an  ordinary  quadratic 
equ.ation  in  complex  quantities. 

Hence  wc  shall  write 


and 


(//</.v  equivalent  to  S  =  a  -f- ;  m,  say, 

did  I  „  jp. 


Corresponding  to  the  second  method  of  treatment  wc 
have  the  equations  : — 

(i//i)  (d'*ldx')  =^,+x  =  E.IZ,  +  K.IZ, ; 
E,  =  d  */■/ 1  —  V  (d  *ld  x) ;  and  E,  =  rf  *ld  I. 

If  in  Case  i  wc  assume  the  rotor  to  travel  in  the 
positive  direction  (p  positive),  wc  must  now  assume  the 
stator  to  travel  in  the  ncg.afivc  direction,  as  we  have  im- 
pressed on  the  whole  system  a  rotation  equal  and  opposite 
to  that  which  the  rotor  h.ad  before. 

Our  limiting  condition  is  now  as  follows  : — 


When 


X  =■  —  ;•  / ;  *  =  *o  f 


!H 


Hence,  in  general, 

4,  _  ^   ^la  +.1  Ml)  (.V  ■(- :  0  +.lY'_ 

Giving  ddx  equivalent  to  a-'fjm,  and  <//<//  to;'^-f-t'(fl-|-;m). 

Wc  may  illustrate  these  results  by  the  case  of  rotor 
resistance.  Put  Z,  =  00  (this  corresponds  to  an  unwound 
stator),  and  'A,-^r,.    The  equations  then  become  : — 

Case  I.  (rjfi)(d'*ld x')  =  d*  dt  +  v{^d*ldx),  or,  insert- 
ing the  values  of  did  x  and  did  I, 

{r.lfi)  (<.  +J  my=jp  +  V  (a  +j  m). 

Case  2.  (r,/,i)  (if  ♦/</A-°)  =  <f  ♦/.//,  or,  inserting  the  v.ilucs 
of  didx  and  did  I,  (rjfi)  (a  +  j  m)'  =  ip  +  v(a+  J  m),  which 
is  identical  with  the  above. 

Now     take      the     case     of     self-induction.       Z,  =  oc  ; 

Z,=  L,  (<//<//). 

L,     d     d'*      ./♦  ,     d* 
Case  I.  -  •  11'  1  ...~  Ti  +  ''  77" 

ft      did  .1  11  I  <i  A 

{Ujtif)  ("  +>  »»•)•  =jp  +  «■(<»+  i  '">• 

L,       rf       </'♦        d* 
f<        (/  /      1/  .V'        d  t 

(Ulf)  i!p-\-  ft"  +; '")]  (o  +>»")•=  L'>  +  '•("  +;■»")] 

or  (I-.//')  (a +;  "•)•='• 

It  will  be  seen  that  the  equations  obLiincd  from  Case  1 
and  Case  2  are  entirely  different.  The  reason  for  this  is 
as  follows  : — 

C-ise  I  (dldt=,tp)  implicitly  assumes  that  the  self- 
induction  I.  always  operates  on  a  constant  frequency, 
wliilc  Case  2  permits  the  frequency  to  vary  with  the  speed. 
The  difference  between  these  two  cases  may  be  illustrated 
by  reference  to  ibr  culinary  polyphase  induction  motor. 
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Suppose  the  rotor  of  such  a  motor  to  contain  no  resist- 
ance but  merely  self-induction.  As  the  speed  rises  from 
standstill  the  rotor  E.M.F.  falls  in  proportion  to  the  fre- 
quency. The  rotor  reactance  also  falls  in  e.xact  proportion 
to  the  frequency,  so  that  the  rotor  current  remains  abso- 
lutely constant  and  independent  of  the  speed.  If, 
however,  the  said  rotor  is  fitted  with  a  commutator  and 
the  brushes  resting  on  this  are  closed  through  a  reactance 
the  case  is  quite  altered.  Since  the  frequency  of  the 
current  through  the  reactance  is  always  equal  to  the  line 
frequency  there  is  no  change  in  the  reactance  with  the 
speed,  and  since  the  rotor  E.M.F.  falls  with  the  speed  as 
before,  the  rotor  current  now  falls  with  the  rotor  E.M.F. 
instead  of  remaining  constant.  This  case  is  merely  a 
simple  example  of  that  illustrated  by  the  two  differential 
equations  and  serves  to  explain  the  difference  between 
them  quite  clearly. 

Case  2,  therefore,  is  that  in  which  the  self-induction  is 
connected  direct  to  the  rotor  and  revolves  with  it.  It  may 
be  shown  independently  that  this  equation  applies  even  in 
the  limiting  case  of  continuous  current.  Case  i  refers  to 
a  machine  fitted  with  a  commutator,  the  self-induction 
being  outside  the  commutator  and  fed  with  currents  at  full 
frequency.     Case  2  is  therefore  correct  for  our  purposes. 

Now  take  the  case  of  capacity.     We  have 

Z,  =  oc,  and  Z,=  i/KD. 
Case  I  gives      -  .  ^— ,  =  K ^,  I  -r-:  +v  -r-  )• 

or  substituting, 

[i/(K ;,)]  (a  +;•  my=jp  \jp^v(a^j  m)]. 

Case  2  gives       (i//»)  {d-  */rf .v=)  =  K  (rf*  <S>/rf  /=), 

or  [i/(K,i)]  (a  +;•  mf  =  \_jp  +  v  [a  +  j  m)]=, 

two  results  which  again  are  quite  different. 

Confining  ourselves  to  Case  2  we  get  the  following  three 
equations  : — 

(a)  Resistance.     (1//1)  (a  +j  iiiy  =  [j  p  +  v  (a  +j  111)]  (i/r,). 
(ft)  SeJ/..nduction.     (i/,)  (a+j  mV  =  J±±^^^±lf^^. 

(c)  Capacih.     HI,)  {a  +  i  mf  =    ,{/ +/J"  ,"^ i"'\r 

The  various  cases  may  thus  be  obtained  from  the  general 
equation 

I     rf=*_(f*/r  d  I       "I 

,<■  d.x-~dtl\.'''^      dt'^  K{dldt)\ 

by  putting  did  I  =j  p  +  v{a  +  j  m),  and  dldx  =  {a  +  j  m). 
Case  I  gives 

I    rf=*  _  /rf*      vd<S>\  /r     ,   T  ^    ,         I        "I 
TL-lU'-\dt^    rf.vJ/L  rf'      K(rf/rfO-l 

with  did  i=i p  and  didx  =  n  -(- ;  )». 

If  now  we  put  Z^  =  oc,  or  in  other  words  open-circuit 
the  rotor,  our  differential  equations  reduce  to  two  instead 
of  three,  si.ice  all  our  windings  are  now  on  the  same 
member. 

Our  differential  equations  now  are  (1//1)  (<''*/''•>■■')=  A, 
and  E  =  f/  */</  /,  and  we  shall  make  use  of  Case  i  (primary 
stationary). 


(a)  Putting  Z,  =  r„  we  get  (i//<)  (d^  ^Id  x^-)  =  (r/r,)  {d <tld  i), 
or  substituting,  (r,//i)  (a  +  j  m)-=j  p. 

(b)  Putting  Z,=L {d I dt)=jLp  we  get  (Ulfi)(a+j  my=i 
on  substituting. 

(c)  Putting  Z.  =  j^^  =  j^^,  we  get  ji^^  .  g  =  J|. 

orS7(K,0  =  (;/-^ 

To  recapitulate,  we  have  now  derived  the  following 
equations,  where  S  =  (a  -|- ;  m)  if  there  are  no  windings 
except  the  primary  on  the  stator. 

(a)  {rJt^)S'=jp  +  vS. 

{b)  (UI,,)Up  +  vS)S^  =  Up  +  vS). 

S= 


ic) 


K^^{jp  +  vS) 


=jp  +  V  S. 


It  will  be  noted  at  once  that  all  these  equations  are 
quadratics  in  S,  the  quadratic  arising  of  course  from  the 
fact  that  the  differential  equations  are  of  the  second  order. 
It  will  be  useful,  then,  to  attempt  a  solution  of  the  general 
quadratic  in  complex  quantities. 


Fig.  6. 

In  the  general  equation,  «  S= -f  *  S -f  1=  o,  we  can 
always  multiply  throughout  by  any  complex  number  in 
such  a  way  that  the  coefficient  b  becomes  a  pure  real. 
We  shall,  therefore,  for  the  future  assume  that  6  is  a 
real  or  scalar,  while  a  and  c  are  any  two  arbitrary  vectors. 

Let  O  A  =  a  S'  =  a  r'  cis  2  e  cis  a 

A  B  =  ft  S  =  6  ;-  cis  a 

B  O  =  c      =  c  cis  y  (see  Fig.  6) 

O  A'  =  a  cis  a 

We  are  here  using  cis  a  as  an  abbreviation  for 
cos  a  +J  sin  a  =  £■'". 

Draw  O  A'  =  a  cis  a,  O  B  =  —  c  cis  y,  an  arbitrary  vector 
O  P  =  r  cis  0,  and  another  O  A  =  a  r=  cis  (28+  a).  Draw 
through  B  a  line  B  P  parallel  to  O  A. 

Then  if  «  =  angle  O  B  P  and  <|/  =  angle  P  O  B 

d:=29  +  a  —  y,  and  4'  =  y  —  ^ 

2-4'  +  c  =  2y  —  29  +  29  +  a  —  y 

=  y  +  a,  that  is,  a  constant. 
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If,  (hcrcfore,  we  draw  a  line  O  C  making  with  O  B  an 
anf;lc  C  O  B  =  3  C,  it  follows  that  the  angle  B  C  O  is  con- 
stant, and  the  point  C  therefore  moves  in  a  circle  passing 
'  >  and  B.  If  we  now  draw  a  line  O  A'  making  an 
a  with  O  B.  it  follows  that  the  circle  must  touch 
l!.i»  line,  which  gives  us  a  construction  whereby  we  may 
draw  it  convcnientlv. 


Mr. 


Via.  7. 

By  means  of  this  diagram  we  may  plot  the  locus  of  P 
(where  OP  =  6 Si  for  every  value  of  0  from  o    to  360". 

If,  therefore,  we  have  some  further  means  of  ascertaining 
which  value  of  0  satisfies  the  equation,  the  above  diagram 
will  give  the  x-alue  of  r  corresponding  to  it. 


I'IG.    8. 

The  value  of  fl  m.iy  be  found  as  follows  : — St.irt  again 
from  the  equation  aS'-f/iS  +  f  =  o,  with  h  a  pure  scalar. 
This  may  be  written  S'  +  S(6/<i)  +  da  =  o. 


or 
or 


S-  +  S  (bla)  +  (6/a  a)'  +  cja  -  (6/ j  a)'  =  o, 

{S  +  Hiay  =  cla-{bl2a)'i 

.-.    (S  +  h'2a)  =  ^[cla  —  W2ay] 

.:  bS-i-b'lia  =  b^[cla  —  {bl2a)'] 

'mU    now    endeavour    to    construct    the    vector 

Rcim  niii  ring  that  H  i%  a  pure  scalar  we  have  (sec  Fig.  7) 
f/a«  — OQ;    MiamzOH;    t/a  =  OL. 
(6/jfl)»  — OG:  ,;a  — (^/J.I.•=OM;  ^/ [<7<j-(Vi«i)«]=0N. 


[<la 


Now  in  the  pre\-ious  diagram  we  had  O  P  =  />  S,  and 
since  6  is  a  pure  scalar  the  direction  of  b  times  O  \  is 
the  same  as  that  of  OX.  In  terms  of  the  vectors  in 
our  diagram  bS  +  h'l2  a  =  b^  [cja —  {blay]  now  reads 
Ol'  +  OtJ  =  h0N  =  0K  (sec  Fig.  8),  and  hence  since 
00  is  constant  the  locus  of  P  must  be  the  straight 
line  PP'. 


Fig.  9. 

Combining  this  result  with  the  di.igram  previously 
obtained  based  on  the  circle,  wc  obtain  the  final  graphical 
solution  01'  our  equation  (Fig.  9). 

O  P  must  satisfy  two  conditions  : — 

(i)  It  must  lie  on  a  straight  line  p-trallel  to  ON*. 
(2)  It   must  lie  on  the  locus  which  m.iy  be  traced  by 
means  of  the  circul.ir  construction. 

The  straight  line  cuts  the  locfts  in  two  points  and  hence 
we  obtain  our  two  roots. 

Section  5. — Soi.utioxs  ok  the  Equation's  or   Motion. 

In  the  present  section  wc  shall  endeavour  to  obtain  and 
interpret  the  solutions  of  the  equations  formulatefl  above. 
At  the  end  of  Section  4  wc  obtained  a  general  solution  of 
the  quadratic  equation  in  complex  qu.iiitities  by  means  of 
a  graphical  construction.  In  the  present  section,  however, 
we  shall  usu.illy  adopt  a  method  which  consists  essentially 
in  eliminating  v  from  the  equ.ttions  by  some  convenient 
means. 

Starting  with  the  equation  (r,//iXii  +  /"')*='^  +  '' ("+/'")> 
whicli  relates  to  the  case  of  rotor  resistance  only,  wc 
resolve  it  into  real  and  imaginary  components: — 

(rJli)  (d'  —  m')  =  va  .    .    .  [i) 

(r,/;.)  J  a  HI  =  /-  +  !■  MI (i) 

Put  a  =  S  cos  0  and  m  =  S  sin  0,  and  wc  get 

t'  =  2{r.//i)S  cos  9—f>l(S  sin  9) ;  v a=2{rJ^)S'  cos' 9—p  cot  O 

Substituting  in  (1)  wc  get 

{rjf,)  S'  (cos*  9  —  sin'  9)  =  J  {rjfi)  S'  cos'  9  —  /■  cot  9  ; 

or  S'  =  {f>iilr.)col9. 

Anotlier  important  conclusion  is  the  following  :— 

—  pjin  =  ;■  .  Ilic  synchronous  speed  of  tin-  w.ivc. 
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Hence  Equation  (2)  can  be  written  (dividing  by  in) 
(2  rj/i)  a  =  —  (—pl'ii  —  !')  =  —  (z'o  — ''')  =  —  I'. 

where  :■,  is  the  slip  velocity.     In  words  this  equation  may 
be  interpreted  : — 

The  decrement  is  proportional  to  the  slip  velocity. 

Another  deduction  from  the  same  equation  is  as 
follows  : — 

(2  Tj/fi)  [a  —  V  /i/(2  r,)]  m  =  p. 

.-.  [a —vnl{2r,)]  ni=pt,l{2n). 
If  we  put  \=a  —  171/(2  ;-j)  and  !n  =_)■  we  get  .v_)'  =p  fil{2  r,). 

If  we  put  rJn=:c,  we  get  .\y^pl{2c),  that  is,  the 
equation  of  an  hyperbola. 

Moreover  .v  =  (plni)  [/j/(2  ;•,)]  =  —  7'o/(2  c).  Hence  .v  is 
proportional  to  the  synchronous  speed. 

Now  plot  the  two  equations 


S-  =  (pic)  cote    .     .     (i)     and     .\y=pl2c 


(2) 


on  the  same  sheet.  If  we  do  this  the  abscissa  of  curve  (i) 
will  be  Y  P  =  (I,  and  that  of  curve  (2)  will  be 

Y  P,  =  a  —  V  ixj{2  ;•,)  ^  a  —  i'/(2  c). 

.-.  Y  P  -  Y  P,  =  -  :■  ^i|(2  r,)  =  -  vl{2  c)  =  P  P„ 

or  P  P,  is  proportional  to  the  speed. 
Summing  up  these  results  we  have 

Fig.  10.     Y  P,  =:  —  vj{2  c)  ^  (—  synchronous  speed). 

„  P  P,  ^  — 1'/(2  c)  =  actual  speed. 

Y  P  =  Y  P.  -  P.  P  =  -  {v,  —  v)l{2  c) 

=  —  !',/{2  c)  .=  slip  velocit)'. 

O  P  =  current  ;  O  P=  or  U  T  =  torque. 

Since  the  torque  is  proportional  to  B-  it  is  proportional 
to  O  P=  =  S=  =  iplc)  cot  e.     Cot  e  is  proportional  to  U  T. 

Since  throughout  these  investigations  we  have  taken  .v 
as  parallel  to  thereat  axis,  we  have  E  =  //i<l>  parallel  to 
O  Y,  and  hence  the  angle  PO\  =  tp,  the  angle  of  phase 
difference. 

These  investigations  relate  to  the  occurrences  on  one 
side  onlv  of  the  primary  coil.  Both  sides  must  be 
considered. 

In  this  case  we  may  consider  that  on  one  side  of  the 
e.xciting  coil  the  speed  is  +  v,  and  on  the  other  — r. 

In  this  case  the  total  current  in  the  e.Kciting  coil 
=  O  P  +  O  P,.    We  have 

PP,  =  P,  P,.     OP,  =  OP  +  PP,  =0P,  —  P,  P,. 
OP-|-OP5  =  20P,  (see  Fig.  10), 

and  since  O  P,  moves  on  an  hyperbola,  so  does  the  current 
in  the  exciting  coil. 

It  maybe  of  interest  to  prove  that  at  the  maximum  point 
of  the  curve  0  =:  45°. 

The  shape  of  the  curve  is  as  shown  in  the  figure.  Trans- 
forming the  equation 

S-^*  cot  9  to  Cartesian  co-ordinates, 

it  becomes  .v=  +  v-  =  k  {S  cos  e)/(S  sin  e)  =  k  x/y, 

or  x-y  —  k  x  -\-y^  =  o,  that  is,  a  quadratic  in  .v. 


The  value  of  y  for  which  the  two  roots  of  this  quadratic 
are  equal  is  clearly  the  maximum  value. 

^^,^k±^{k'-4y') 
2y 

When  2  y-^k  or  y  =:^{kl2)  the  two  roots  are  equal. 
„  e=  45°,  cot  9  =  1  and  x=y. 

The   equation  then   becomes   S=  =  x-  -f  y=  =  2  )•'  =  *,   the 
result  just  obtained.    Hence  y  is  a  maximum  when  6  =  45°. 


Fig.  10. 


Besides  the  construction  given  above  for  the  speed, 
another  may  be  very  easil)'  deduced  from  the  E.M.F. 
triangle,  which  as  it  is  of  very  general  application  it 
ma}'  be  of  interest  to  give. 


Fig.  II. 

We  gave  above  a  general  solution  of  the  quadratic 
equation  in  complex  quantities  for  any  values  of  the 
coefiicients.  We  have  now  to  consider  what  are  the 
values  of  the  coefiicients  in  the  case  we  are  considering. 

The  equation  which  results  from  the  differential  equation 
in  the  case  of  rotor  resistance  is 

(;-,//,)  S= —  !' S  —jp=o. 

Hence  c=—jp  ;  a  =  rjn  ;  b  =  —  v  (see  page  455)  ;  and 
following  the  construction  we  must  draw  our  circle 
passing  through  the  extremity  of  OB=Jp  (see  Fig.  11) 
and  touching  the  real  axis  (since  a  :=  o).  Since  O  B  is  at 
right  angles  to  the  real  axis  it  is  a  diameter  of  the  circle. 
We  saw  in  general  that  OP  =  6S  =  —  rS  in  this  case. 
Hence  our  speed  construction  will  be  as  follows  : — 

Draw  the  locus  of  the  current  vector  S"  =  iplc)  cot  9  as 
before,  and  also  the  circle  as  above.  Corresponding  to  any 
current   vector   O I    draw   a   line   O  C   to   cut  the   circle. 
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making  an  angle  2  f  with  O  E.  Join  B  C  ;  V  will  be  the 
point  where  B  C  cuts  O  I.     Then  O  P/0  I  =  :■. 

In  order  to  read  off  :•  on  a  fixed  Hne  ;ill  we  liavc  to  do  is 
to  join  I  to  some  lixed  point  such  as  H  and  draw  through 
I'  a  Ime  P  P'  parallel  to  I  H.  Then  O  P/O  H  =  O  I',0  I, 
and  consc-qucntly  OP  is  a  measure  of  the  speed  to  such  a 
scale  that  OU  =  i. 

This  speed  construction  is  perfectly  general  and 
applicable  to  any  case  in  which  the  coeflicient  of  S  is 
proportional  to  r. 

We  must  now  consider  the  effect  of  stator  resistance, 
inductance,  and  capacity,  combined  with  rotor  resistance. 

Takmg  the  case  of  inductance  lirst  and  supposing  the 
primary  to  be  stationary,  we  have 

(l/,i)  (d'*ldx')  =  E.lij  L/.)  +  FJr,  ; 

E.=</ *IJ  1=1  p ♦ ;  E,=<< *<//+:•  (rf *ld x)=j p*+v{a+j in) 

or  (r,l^)S'=r.lL+Jp  +  vS. 

In  the  case  of  stator  capacity  we  have 

(il^){ii'*ldx')  =  K,Kp  +  EJi',  or  (rJ^)S'=—  r,Kp'+jp  +  :S. 

And  in  the  case  of  stator  resistance 

(jl^){d'*IJx')=EJr.  +  EJr„ 

.-.  {rJ^)S'=jprJr,+jp+t'(a+hii)=j p(i+  rjr,)+  :(a+>m). 

The  sole  influence  therefore  of  stator  resistance,  induct- 
ance, and  capacity  is  to  vary  the  absolute  term   of   the 
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quadratic  cither  in  magnitude  only  or  in  both  magnitude 
and  direction. 

Taking  the  case  of  resistance  first,  it  is  clear  that  since 
we  have  merely  multiplied  the  absolute  term  by  (i  +  tjr,) 
the  resultant  locus  will  be  unchanged  in  shape,  but  merely 
multiplied  by  the  same  quantity,  \i/.  (l  +  r,/»,). 

Hence  the  locus  of  the  current  vector  will  now  be :  — 

S"  =  (p  r,//j)  (I  +  rjr.)  cot  0  instead  of 
S*  s  (p  rJii)  cot  0  as  it  was  before. 

Hence  the  lizc  of  the  diagram  is  increased  but  its  shape 
t%  unchan|{ed. 

Kclurnmg  to  the  cuci  of  self-induction  and  capacity  the 
equations  we  have  jukl  arrived  at  are 

(«)     (f,/,.)^- rS -(>/•+ r./L)  =  a 

(h)    »nA{rJf,)S'—rS  —  OP  —  r.Kp')m,o. 


In  these  two  equations  we  have 

(i)  £=  —  (>/. -f-r./L);     b=-v:    a=r..l,,. 
(ii)  f  =  —  ;/>  — r,  K/i' ;     b=—v;    a  =  ij,,. 

Hence  the  diagrams  are  as  follows  : — 

The  real  axis  is  still  a  tangent  to  the  circle  in  both  cases  ; 
O  H  is,  however,  no  longer  a  diameter  but  lags  or  leads 
relatively  to  its  former  position.  This  is  illustrated  in 
Fig.  \2  for  the  case  of  self-induction,  and  Fig.  13  for 
capacity. 


We  may,  of  course,  discuss  the  matter  by  eliminating  v 
as  we  did  before.  Referring  b.ick  to  the  equation  given 
above,  we  see  that  we  now  have  in  the  case  of  self- 
induction 

(rJli)  (<j'  —  "I')  =  :■  <j  +  »JL,  and  (r,/;»)  2am=p-\-v  in. 

The  second  of  these  equations  remains  the  same  in  all  cases. 
Put  a  =  S  cos  0,  and  in  =  S  sin  9.    We  then  get 

J.  =  2  (r,l^)  S  cos  9  —pI{S  sin  9), 

and  va  =  2{r,ln)S'  cos'  9—pcot  9, 

thus  (r./;i)  S'  (cos' «  —  sin'  9)  =  J  (r.l,t)  S'cos  "fl — />  cot  9  -f-  r./L, 

.-.     S' =  (pii:r.)  cot  9  +  r,L. 

In  the  case  of  capacity  we  merely  have  —r,Kp'  instead 
of  rJL,  and  we  therefore  get 

S'  =  (/-/./r.)cot9-r,  K/--. 

In  the  former  case  if  S  =  o  wc  li.ivc  cot  9,  =z  r]HL p  11). 
S  now  becomes  zero  for  some  definite  value  of  9  different 
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Self-induction 


from  90",  and  the  diagram  has  the  shape  shown  in  Fig.  I4<J 
when  we  use  self-induction  in  tlic  stator.  If  condensers 
arc  used  wc  obtain  the  shape  shown  in  Fig  I4^,  and  a,  llie 
decrement,  vanishes  for  soiiu-  finite  value  of  the  current. 
The  torque  is  still  proportional  to  S". 
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Since  the  decrement  is  still  proportional  to  the  slip  it 
follows  that  at  the  point  of  unity  power  factor  the  machine 
is  running  in  sj'nchronism.  Be\-ond  that  point  it  is 
running  above  synchronism  and  there  will  be  an  increment 
instead  of  a  decrement.  If  we  complete  the  discussion  of 
this  case  by  considering  a  second  primary  coil  at  .v  =  c  we 
shall  find  that  the  machine  on  the  whole  is  now  a  generator. 

We  saw  that  stator  self-induction  or  capacity  produced 
no  effect  on  the  equation  determining  the  slip.  This 
equation,  viz.  (rifi)  2  a  m  :^  p  —  v  in,  may  be  written 
_y  [.V  —  7'l{2c)']^pl{2c),  which  represents  an  hyperbola. 
Hence  the  speed  construction  remains  the  same  in  both 
these  cases.  In  any  case,  no  matter  what  the  angle  of  lag 
at  starting,  the  hyperbola  passes  through  the  point  of  the 
curve  corresponding  to  v  ^  o.  As  the  hyperbola  is 
independent  of  the  stator  self-induction  or  capacity  it  is 
the  locus  of  the  starting  current  when  we  vary  the  latter. 
Since  the  hyperbola  is  the  locus  of  the  starting  current  it 
is  clear  that  the  angle  of  lag  at  starting  is  affected  by  the 
use  of  condensers  (S,)  or  self-induction  (S^).  In  the  former 
case  it  is  reduced  and  in  the  latter  increased. 

Having  now  considered  the  case  of  rotor  resistance 
either  alone  or  combined  with  resistance,  self-induction,  or 
capacity  in  the  stator,  we  may  now  consider  the  cases  of 
rotor  self-induction  and  capacit}'. 

The  case  of  rotor  self-induction  is  very  simple.  We 
have  already  derived  the  equation  ( W/i)  S'  =  i  for  this 
case  ;  whence  it  follows  that  S  =  a  =  ^{fijL,)  at  all  speeds. 
The  apparatus  will  therefore  absorb  a  constant  current 
lagging  go'  behind  its  electromotive  force  at  every  speed, 
there  being  no  "phase  splitting"  and  hence  no  torque. 

Such  an  apparatus  is  thus  only  suitable  for  purposes  of 
neutralization  and  not  for  power.  Hence,  even  if  we 
supply  a  machine  having  merely  self-induction  on  the 
rotor  with  a  stator  winding  having  resistance  or  capacity 
to  produce  phase-splitting  or  even  a  uniform  polyphase 
winding,  no  torque  can  result.  Thus  this  simple  investiga- 
tion disposes  of  a  whole  class  of  cases. 

In  the  case  of  condensers  the  equation  we  derived  was 
rl{Kn)S=  =  (jp +vSy.  Putting  i/(K^)  =  :'S  and  trans- 
posing, we  get 

(r5  —  V)  S=  -  2  i7>  S  -  Upr-  =  o. 
Solving  this  quadratic  in  S  we  get 


S  ^j  in  = 


rj  P±s/[—v'p'  —  p'  (vl  —  V')] 


At  zero  speed  we  have  a  current  O So^ j plv^.  As  the 
speed  rises  the  current  falls  if  the  rotor  revolves  in  the 
same  direction  as  the  tield,  and  rises  if  the  rotor  revolves 
in  the  opposite  direction.  At  the  same  time  m  the  number 
of  poles  per  unit  length  varies  proportionally  to  the  current. 
This  is  the  Doppler  effect  as  it  appears  in  our  case. 

We  have  seen  that  the  case  of  rotor  condensers  gives 
rise  to  an  interesting  result,  viz.  an  analogue  of  the  Doppler 
effect.  Let  us,  therefore,  now  attempt  to  investigate  the 
case  of  rotor  condensers  and  stator  resistance,  inductance, 
or  capacity. 


(i)  Slalor    self-induction. —  Putting     Z,  =:  L  ((f/ii /)    and 
Z,  =  i/(K  D),  we  get 


dl  "Ji'  <r?~      Jp'^  Vdl       '"'  dx) 


Remembering  that  did  I  =j  p  +  i'  S,  in  Case  II  above  we 
get  on  substituting 

i/(K  ^)  (;  p  +  vS)S'==  U  p  +  :'  S)3  -|-  ;  pl{  L,  K). 

(2)  Slalor  resislance. 

r,   rf=*      „     d=^  ,    A/*  d<t>\ 


r, 

(3)  Slalor  capacily. 


S^  =  rA.ip  +  vSy  +  ipiK. 


,<  ■  <77=  ~    "  rfT"  +    '  Tt  Vdl     "'  d x) 

.:      ^^  S=  =  (./  p  +  :-  S)=  -f  I  (;■  /.)  UP  +  V  S). 

Expanding  the  three  equations  they  may  be  written  as 
follows,  puting  i/(K  fx)  :=  :■=. 

(i)  Resislance. 

{-^'l  —  2")S'-2JpvS-\-  p^[i  +  iliJKp  r,)\=o. 

(2)  Capacilv. 

{vl  —  v')S'—jpvS(2  +  K,/K,)  +p'{i  +  K,/K,)  =  0. 

(3)  Inductance. 

{vl--.^)vS^  +  {vl-3v')JpS'-3JP'vS-Jp(ilhK-p--)=o. 

The  first  two  of  the  above  equations  may  be  treated  by 
the  same  method  as  that  applied  in  the  case  of  rotor 
capacity  only,  viz.  by  solving  the  quadratic  in  S.  By  this 
means  we  get  the  following  results  : — 

vl-v' 
(i4-K,/K,)±v/];>'(i-|-K./K,)-K?>;-r°)(i-|-K./K.)} 

V'  -  V' 


(I)  S  =.;•/. 
and 

(2)s=y/.'' 


Part   2. 
SOME    MECHANICAL    ANALOGIES. 

From  the  mathematical  discussions  in  Part  i  it  is  very 
difficult  to  form  a  clear  physical  idea  of  the  phenomena 
actually  taking  place — at  any  rate  the  author  finds  it  so. 
On  the  other  hand  it  is  inadvisable,  from  the  point  of  view 
of  clearness,  to  burden  a  mathematical  investigation  with 
long  physical  explanations.  It  has  therefo.'e  been  decided 
to  take  the  subject  up  afresh  from  the  physical  standpoint 
and  to  endeavour  to  give  a  clear  account  of  it  as  free  from 
mathematics  as  possible,  referring  the  reader  for  proofs  to 
Part  I  of  the  paper  where  necessary. 

Let  us  first  consider  under  what  conditions  it  is  possible 
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for  a  set  of  conductors  on  an  electric  machine  to  experi- 
!  There  is  first  of  all  the  ordinary  case 

■.ralizcd"  machines  in  which  conductors 
■c  to  one  another  on  the  two  members  carry 
,  ^ite  currents  except  for  a  small  component 

which  scr\-cs  for  magnetizing.  In  this  case  the  force  on 
each  member  is  fliSiix  and  B  and  .i  are  entirely  inde- 
pendent of  one  another. 

In  certain  tj'pcs  of  machines,  such  as  continuous-current 
and  synchronous  machines.  B  and  A  arc  not  independent, 
it  beinjj  possible  to  express  .1  as  a  function  of  B.  In 
tliesc  machines  there  is  no  neutralizing  winding,  the 
winding  on  one  member — the  field — being  concentrated 
in  one  large  slot  per  pole.  An  attempt  is  usually  made  to 
reduce  the  distortion  or  influence  of  A  on  the  distribution  of 
flux  density  B  as  much  as  possible  by  exaggerating  the  field 
ampere-turns  relatively  to  those  of  the  armature,  and  by 
employing  long  air-gaps,  high  saturations,  etc.  In  this 
manner  these  cases  are  made  to  correspond  approximately 
to  those  in  which  a  neutralizing  winding  is  employed.    An 
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entirely  different  treatment,  however,  will  be  found  below 
in  which  the  force  is  expressed  in  terms  of  the  distribution 
of  the  field. 

As  an  illustration  of  this  we  may  apply  the  investigations 

of  Part  I  to  the  only  case  in  which  windings  concentrated 

in  a  single  slot  are  widely  used  in  practice,  viz.  that  of  the 

synchronous  and  continuous-current  machines  mentioned 

alxjve.     To  the  case  of  the  synchronous  alternator  these 

investigations  are   directly    applicable   if   wc   consider   a 

machine   having  as  many  phases  as  there  arc  slots  per 

pole,  each  phase  being  closed  through  a  resistance  lo.id. 

Wc  then  luvc  the  exact  case  discussed  in  Part  1,  of  a  con- 

C''ntr;tl<  il  "  primary  "  winding  carrying  continuous  current 

md  "secondaries"    short-circuited   through 

If  therefore  wc  put  /■  ^o  in  our  previous 

equations   (page  456)  wc  sh-ill  get    a  solution   applicable 

to    this    case,     viz.    a  =  r  filn  r.)  ;     f<=im  =  o:     giving 

P,  ta  n,e"  "*"•>.    Thus  the  flux  density  in  the  pole-face  is 

.1...  .,..(   hy  the  action  of  the  armature  currents  and  is 

'1   'assuming    an    infinite    number    of    slots)   in 

•    ; 'oncnlial  curve  with  an  increment 

111  and  wh<i\f  cx|>oiicnt  is  propor- 

'1.     Wc   shall   sec  from   the   principles 

■  .11   whrn  thrrr  1-  nn  increment  in  the 

■)pposc<l  to  the 

.      ■!   '       ■  HI  the  apparatus 

wc  arc  '  In  fact  kince  H  is  a  function  »f  .^  th« 

torque  ot  i:,^  a..'  :iinc  can  be  exprcttcd  purely  in  terms  of 


B,  and  the  methods  of  regarding  the  question  which  are 
discussed  below  apply  in  their  entirety. 

To  understand  tliis  cle.irly  it  will  be  best  to  start  by 
considering  a  single  conductor  carrying  a  current  and 
lying  in  a  magnetic  field. 

Let  this  resultant  field,  for  instance,  be  compounded  of 
an  original  field  and  the  field  due  to  the  current.  The 
field  will  be  strengthened  on  one  side  of  the  current — that 
on  which  the  magnetomotive  force  H  due  to  the  current 
assists  the  0rigin.1l  held — and  weakened  on  the  other  where 
they  are  opposed  (Fig.  16).  The  net  result  is  a  force  moving 
the  conductor  into  the  direction  of  the  weaker  field.  The 
amount  of  this  force  is  equal  to  the  difference  of  magnetic 
energy  density  \i>  H' on  opposite  sides  of  the  conductor, 
A  more  usual  expression  for  this  force  is  F^  Ba.  Since 
as  we  saw  above  ^  =  J  Hjii x  =  {lhi)  (d  tildx)  in  the 
dynamo-electric  machine,  we  have : — 

Force  on  a  sj-stcm  of  conductors  extending  from  .v  =  A 
to  r  =  B 

B  (</ B/./.V)  J  A- =  ^  (Bi  -  Bi)  =  J  ,i  (Hi  -  Hi), 

the  same  as  before,  since  B  =•  /i  H. 

The  expression  F  =  —  (BJ,  —  Bi)  may  also  be  written 
in  the  form  F  =  B  a,  for 

-'^  (Bi -  B\»  =  [(Bb  -  B»)V]  Li  (Bb  +  Ba)] 

=  current  between  B  and  A  multiplied  by  the  mean 
density. 

If,  therefore,  we  can  by  any  means  whatever  set  up  a 
difference  of  ni.it;nelic  densities  on  opposite  sides  of  a 
current-carrying  conductor  there  will  be  a  force  acting  on 
the  conductor.  Since  the  force  is  proportional  to  the 
stjuare  (and  not  to  the  first  power)  of  the  density,  the 
direction  o(  the  lines  of  force  is  immaterial — i.e.  whether 
upwards  or  downwards  in  Fig.  16. 

Now  suppose  a  number  of  conductors  to  l>e  arranged  on 
the  periphery  of  an  electric  machine  and  consider  the 
torque  on  the  whole  set  of  conductors  in  v.irious  instances. 
If  the  distribution  of  B  is  periodic  there  can  be  no 
resultant  torque,  for  if  the  torque  on  conductors  (1)  and 
(2),  say,  has  a  certain  direction,  that  on  conductors  (3)  and 
(4)  will  be  in  the  opposite  direction. 

If  B,  however,  starting  from  a  certain  point  continually 
gets  less  and  less  following  an  asymptotic  curve  the  force 
on  every  conductor  will  have  the  same  direction.  If  this 
curve,  however,  crosses  the  zero  line,  the  intensity  of  B 
increasing  in  the  opposite  direction,  the  force  will  reverse 
at  the  point  where  the  cur\'e  crosses  the  zero  line. 

.Some  possible  distributions  of  density  arc  shown  in  the 
table  below,  together  with  a  note  of  the  force  given  by 
them. 

(I)  AsyiiipMic  curt'<.— The  force  on  every  conductor  is 
in  the  same  direction. 

(1)  Sitif  wave  wilh  dccrctneHl.—Whiic  the  force  on  every 
conductor  is  not  in  the  same  direction,  the  average 
force  over  a  complete  pciiod  alw.iys  has  the  same 
direction. 

(■\)  Sine  wrttr  or  other  penodic  fursr. — There  is  no 
resultant  force  over  a  complete  number  ot 
periiKU. 
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(4")  Straight  line.— The  force  reverses  where  B  reverses. 
The  direction  of  the  resultant  force  depends  on 
virhether  the  positive  or  negative  flux  is^he  greater. 

It  is  important  to  notice  in  cases  in  which  we  have  two 
conductors  close  together,  as  on  the  rotor  and  stator  of  a 
dynamo-electric  machine,  that  that  force  referred  to  is  the 
force  on  both  conductors  considered  as  a  single  system. 
For  instance,  in  the  case  given  in  Fig.  21  in  which  the 
stator  and  rotor  currents  are  equal  and  opposite,  there 
may  be  a  uniform  field  and  consequently  no  resultant 
force  and  yet  large  relative  forces  between  the  rotor  and 
stator  conductors. 

This,  however,  is  an  essentially  different  case  though  it 
is  the  principle  on  which  the  torques  of  almost  all  existing 
machines  depend.  For  instance,  if  we  have  two  equal 
and  opposite  currents  in  a  magnetic  field  the  distribution 
of  flux  which  they  will  produce  is  shown  in  Fig.  17,  if  the 
line  joining  them  is  parallel  to  the  original  direction  of  the 
flux.     A    couple    will    then   be    exerted    tending    to  turn 


Fig.  16. 


Fig.  17. 


The  theorem  that  the  force  on  a  bodj'  is  equal  to  the 
difference  of  energy  densities  on  either  side  of  it  is  in  no 
way  peculiar  to  electricity  but  is  a  general  theorem  of 
mechanics.  For  instance,  the  average  force  per  square 
inch  on  a  partition  between  two  fluids  of  different  levels  is 
proportional  to  the  mean  pressure,  i.e.  to  the  mean  density 
of  potential  energj'  on  the  two  sides.  In  a  vibrating  cord 
or  chain  the  force  between  adjacent  links  is  proportional 
to  the  difference  between  the  kinetic  energies  of  the  links. 

We  have  now  to  consider  what  means  may  be  adopted 
in  the  various  electric,  hydraulic,  etc.,  cases  to  realize  a 
distribution  of  magnetic,  potential,  or  kinetic  energy,  etc., 
adapted  to  give  a  steady  force. 

We  have  seen  that  if  we  can  by  any  means  produce  a 
travelling  wave  moving  in  the  direction  in  which  we  wish 
the  force  to  be,  we  can  obtain  such  a  force  if  the  wave  has 
a  decrement  in  the  direction  of  travel,  but  not  otherwise. 
If  there  is  no  decrement  there  will  be  no  meaii  force, 
while  if  there  is  an  increment  there  will  be  a  force 
opposed  to  the  direction  of  travel.  Our  inquiry  then 
resolves  itself  into  a  study  of  the  means  of  production 
of  such  waves. 


Reieivir.- 
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the  conductors  into  such  a  position  that  the  lines  tlireading 
them  will  be  as  few  as  possible.  If,  however,  they  arc 
mechanically  constrained  so  that  they  cannot  move  in  the 
manner  indicated,  one  of  th;  conductors  will  continue  to 
be  urged  to  the  right  and  the  other  to  the  left.  If  we  have 
a  succession  of  such  pairs  as  shown  in  Fig.  21  the  Unes 
will  take  the  form  shown  and  equal  and  opposite  forces 
will  be  exerted  on  the  two  sets. 

In  the  case  in  which  B  is  a  function  of  the  time,  and 
thus  admits  of  a  mean  value,  i.e.  is  a  periodic  function,  we 
have 

Mean  of  (Bj,  —  Ba  )=  Mean  of  B'  —  Mean  of  Bv 

Hence  in  this  case 

Mean  force  =  ^^  (difference  in  mean  square  densities). 

Hence  in  order  that  the  mean  force  on  everv  conductor 
shall  be  in  the  same  direction  it  is  only  necessary  that  the 
mean  distribution  of  density  shall  be  asymptotic.  For 
instance,  if  the  density  is  distributed  as  a  travelling  wave 
with  decrement,  that  is,  B  =  B^  c"  ■  sin  (p  t  -  m  .1),  then  for 
any  value  of  .v  such  that  mx  =  a,  the  mean  value  of 
B=  =  JB^«-  ',  since  the  mean  of  sin=  {p  t  —  a)  =  J,  inde- 
pendently of  the  value  of  a.  Thus  such  a  travelling  wave 
would  give  a  mean  force  having  the  same  direction  for 
every  conductor. 

Vol.  55. 


Fig.  18. 

Two  distinct  types  of  electromagnetic  transmission  exist 
whereb}'  energy  may  be  transmitted  from  one  place  to 
another  along  a  line  :— 

(i)  The  type  so  much  studied  in  connection  with  cables, 
etc.,  in  which  the  current  flows  along  the  axis  of  .v  and  the 
magnetic  lines  form  closed  rings  round  it.  The  electro- 
static lines  are  radial  near  the  cable,  and  if  it  is  sufi&ciently 
long  both  ends  rest  on  different  parts  of  it,  these  parts 
being  a  half  wave-length  apart.  Energj-  flows  along  the 
cable  in  the  form  of  waves  at  a  definite  speed,  as  has  been 
very  thoroughly  discussed  by  Kelvin,  Heaviside,  Pupin, 
and  nianv  others. 

i2)  It  has  not  hitherto  been  realized  that  there  is  another 
'.ypLj  of  power-transmission  line  possible  in  which  the  func- 
tions of  the  electrostatic  and  magnetic  hues  in  the  above 
example  are  interchanged. 

Consider  a  closed  iron  core  (Fig.  18)  the  two  limbs  of 
which  A  and  B  are  separated  by  a  certain  air-gap  and 
carrying  at  least  two  electric  circuits,  a  transmitting  and 
a  receiwng  circuit.  Magnetic  hnes  circulate  round  the 
closed  core  and,  if  they  vary  with  the  time,  electrostatic 
hnes  encircle  it  in  the  manner  shown  on  the  right.  The 
effects  of  these  lines  may  be  made  evident  by  causing  a 
number  of  conductors  (in  addition  to  the  transmitting  and 
receiving  circuits)  to  encircle  the  iron  core,  whose  circuits 
are  completed  through  resistance,  inductance,  or  capacity-. 
If  the  air-gap  between  the  two  limbs  A  and  B  is  suffi- 
ciently small  an  electromagnetic  wave  will  be  formed  as 
shown  in  Fig.  18  in  the  case  of  resistance  and  capacitv, 
whereby  energy  is  conveyed  from  the  transmitting  to  the 
receiving  circuit.  The  wave  of  flux  cuts  the  receiving 
circuit,  inducing  an   electromotive  force  therein,  and   if 

30 


462 


CREEDY  :   ELECTRIC   WAVE    PHENOMENA 


i(  is  closed  a  current  will  also  flow  of  sucli  magnitude  that 
the  resultant  magnetomotive  force  summed  round  the 
entire  circuit  and  includmg  that  required  to  overcome 
the  reluctance  of  the  iron  is  zero. 

If  these  intermediate  conductors  be  omitted  and  tlie 
air-K-tp  lu-twccn  the  two  limbs  be  made  Iirgc  our  appar- 
atus reduces  to  tlie  ordinary  transformer,  whicli  we  may 
compare  with  an  ordinary  electric  circuit,  too  short  to 
permit  of  the  development  of  a  wave  (sec  Fig.  19).  In 
the  electric  circuit  a  difference  of  electric  potential  is  set 
up  by  a  generator  of  some  sort  between  the  limbs  A  and 
B.  while  in  the  transformer  a  difference  of  magnetic 
potenti.U  is  set  up  by  the  primary  or  transmitting  coil. 

In  the  electric  case  (Case  i|  this  electric  difference  of 
potential  appears  almost  unchanged  at  the  terminals  of  the 
receiving  circuit,  being  diminished  only  by  the  drop  of 
pressure  due  to  resistance  in  the  line.  In  the  transformer 
the  magnetic  difference  of  potential  set  up  by  tlie  primary 
also  appears  almost  unaltered  at  the  extremities  of  the 
secondary,  reduced  only  by  the  pressure  drop  due  to 
reluctance  in  the  iron.  The  electric  potential  difference 
of  Case  I  is  finally  balanced  by  the  potential  difference 
across  the  receiving  circuit,  while  in  Case  2  the  magnetic 
potential  difference  is  balanced  by  that  due  to  the  secondary 


Fig.  19. 

Or  receiving  coil.  Just  as  any  electric  circuit  has  some 
icif-induction,  though  this  may  be  very  small,  ouing  to 
the  fact  that  some  m-ignetic  lines  interlink  it,  so  any 
magnetic  circuit  has  some  cap.icity  owing  to  the  fact  that 
-  iiie  electro-tatic  lines  interlink  it.  This  is  so  small  in  an 
•  .r'Imary  Ir.insformer  that  even  its  theoretical  existence  is 
,  •  ]■  ■.'■  jiii/.ed  ;  but  il  becomes  evident  at  once  if  we 
..:  ,,n.|;.H  Uinb  of  our  in.ignetic  circuit  by  a  Conductor 
or  conductors  whose  circuits  arc  closed  by  condensers, 
s,»v.     The  effect  of  this  is  analogous  to  sui rounding  an 

■  1'  :nc  circuit  with  an  iron  core.  In  this  case,  in  spite 
"I  tlic  formation  of  a  travelling  wave,  the  whole  of  the 
energy  entering  the  primary  is  received  by  the  secondary. 

If  the  conductors  of  -Fig.  |H  .are  closed  through  a  resist- 
ance, however,  a  wave  will  still  be  formed  (see  I'art  1 ),  but 
it  will  be  a  w.ive  of  decieasing  amplitude  whose  energy  is 
Ctadually  abMjrbcd  by  the  rcsist.ince  of  the  conductor  aiul 
'    ii-(iirmed   into   heat,    so  that    but    little  of   the  energy 

■  .'ting  the  primary  coil  may  reach  the  second.iry  or 
■■      ■  iviag  coil. 

Siivh  a  wave  satiific<>  the  conditions  l.iid  down  above  .is 
Iwing  necessary  in  order  that  incan  force  may  exist  on  (he 
:  s  and  that  the  force  may  always  have  the  same 
Il   i<t  <.hown   in   Part  1,  in  fact,  that  the  air-gap 
lUii-ii.r.  i.ilion  H  =  H  r"sin(/i/— i(i.r), 

n,  15  .  "1,    .  ,     .  ,  detciniitied  by  the  circtim- 

ktance*. 

Tlicrr  will,  therefore,  in  kuch  a  case  be  a  force  on  all  the 


short-circuited  secondary  conductors  urging  them  away 
from  the  primary  :  that  is,  the  secondary  will  be  repelled 
from  the  primary  and  the  prim.ary  from  the  secondary. 
This  statement  may  be  interpreted  to  include  the  receiving 
coil  among  the  secondary  circuits  if  desired,  or  we  may 
consider  that  practically  the  whole  of  the  energj-  of  the 
wave  is  absorbed  before  it  reaches  the  receiving  coil, 
which  in  this  case  may  be  neglected.  This  force  is 
usually  said  to  be  due  to  the  Elihu  Thomson  repulsion 
effect. 

Let  us  consider  the  root-mcan-square  distribution  of 
current  and  energy  density  or  B=  in  such  a  transmission 
including  the  transmitting  and  receiving  circuits. 

The  air-gap  density  on  the  outer  side  of  the  transmitting 
coil  at  C  is  zero  as  there  is  no  reason  why  the  lines  of  force 
should  cross  the  air-gap  in  the  manner  shown  dotted 
rather  than  pass  wholly  through  iron  as  shown  in  the  full 
lines.  The  same  applies  to  the  outer  side  of  the  receiving 
coil,  also  shown  dotted.  We  may  therefore  conceive  the 
function  of  the  primary  coil  as  being  that  of  increasing 
the  air-gap  density  from  zero  at  C  to  O  A  at  O  (Fig.  20). 


iij}:)  .).).):))■)  ill 


FlG.  20. 

The  primary  current  density  (amperes  per  cm.  length) 
whicli  is  constant  is  shown  in  curve  II.  When  the  density 
has  reached  the  value  0<i  at  O  due  to  the  action  of  the 
primarv  coil,  it  begins  to  be  reduced  by  the  action  of 
the  short-circuited  coils  as  we  proceed  from  O  to  the  right 
towards  />.  The  current  shown  in  curve  II  is  now  reversed, 
and  instead  of  building  up  the  density  to  still  higher 
values  begins  to  reduce  it  ag.ain.  When  we  reach  f<  the 
remainder  of  the  density  is  absorbed  by  the  receiving  coil, 
on  the  further  side  of  which  it  is  again  zero.  Uy  a  funda- 
mental law,  as  we  have  seen,  (i//i)(i/ H/.f  >  )=  .i.  the 
number  of  amperes  per  cm.,  and  hence  the  current  curve 
is  the  sliipe  of  the  curve  of  densities  and  changes  sign 
when  this  slope  changes  sign.  This  is  clearly  shown  in 
the  curve  marked  II. 

If  wc  compare  two  cases  :  (lUh.it  in  which  there  arc  a 
number  of  conductors  arranged  in  slots  and  all  carrying 
the  same  current,  and  (2)  that  in  which  there  are  a  number 
of  pairs  of  conductors  in  corresponding  slots  carrying 
equal  and  opposite  currents  (sec  Fig.  211,  we  sec  that  in 
Case  I  the  density  continually  becomes  greater  and  greater, 
while  in  Case  2  the  density  is  constant  in  all  the  teeth. 

The  function  of  the  second  set  of  conductors,  therefore, 
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mav  be  said  to  be  to  restore  the  energy  density  or  B=  in 
those  parts  of  the  system  where  it  has  been  weakened  by 
the  first  set,  and  to  weaken  it  where  it  has  been  increased 
beyond  the  average.  For  instance,  in  the  figure  the  effect 
of  the  second  set  of  conductors  is  to  cause  two  lines  to 
leave  tooth  3  and  traverse  tooth  2,  and  two  lines  to  leave 
tooth  4  and  traverse  tooth  3.  Hence  if  one  of  these  sets  of 
conductors  be  primary  and  the  other  secondary  conductors, 
we  may  say  that  the  primary  conductors  continually  restore 
the  densities  which  would  be  reduced  by  the  action  of  the 
secondary  conductors. 

In  the  case  of  the  transmission  previously  discussed, 
however,  the  density  is  built  up  to  its  maximum  value  in 
one  part  of  the  system  and  reduced  again  by  the  action 
of  the  secondary  in  another  part  an  essentially  different 
arrangement. 


p-iG.  21. 

It  is  not  necessary  that  the  two  limbs  of  our  system 
should  be  made  in  one  piece,  but  there  may  be  an  air-gap 
between  them  as  in  Fig.  22.  In  this  case  let  the  primary 
be  held  fixed  and  attached  to  the  lower  limb  B,  while  the 
receiving  coil  is  either  fixed  and  attached  to  B  or  movable 
and  attached  to  X  and  the  short-circuited  conductors 
c,  c,  c  are  attached  to  A.  Then  there  will  be  a  force  on 
the  limb  A  relative  to  the  limb  B,  which  will  tend  to 
move  A  in  the  direction  of  the  arrow  when  B  is  fixed. 
If  the  motion  produced  by  this  force  is  to  be  continuous 
provision  must  be  made  for  replacing  the  conductors 
c,  c,  c  by  others  as  they  move  away  from  the  primary. 

\     \     C     C      C      C      C 


J  J  J  J  J  [[    :  ^ 


B 


Fig.  22. 


It  is  also  unnecessary  that  the  primary  coil  should 
surround  the  limb  A,  but  it  maj'  surround  the  limb  B 
instead  as  shown  dotted  in  Fig.  22.  All  that  is  necessary 
now  in  order  to  get  continuous  rotation  is  that  the  limb  A 
shall  be  made  in  annular  form  as  in  Fig.  23,  where  the 
transmitting  and  receiving  windings  are  shown  wound  into 
large  slots  in  a  segmental  stator  which  terminates  at  D. 
It  is  essential  in  this  construction  that  it  should  terminate 
at  D,  as  if  it  did  not  the  primary  would  transmit  waves 
equally  in  both  directions  and  there  would  be  no  resultant 
torque. 

Another  method  whereby  the  transmission  of  waves 
from  the  primary  equally  in  both  directions  may  be 
prevented  is  by  placing  the  receiving  coil  so  close  to  the 
primary  that   the  wave  is   absorbed    bv  it  before  it   has 


decreased  much  in   amplitude,  the  w.ave  transmitted  by 
the  primary  in  the  other  direction  travelling  quite  freely. 

We  may-  suppose  that  a  multiplicity  of  such  separate 
sj-stems  as  shown  dotted  in  Fig.  24  ma}'  be  mounted  so  as 
to  interact  with  a  single  rotor,  or  we  may  suppose  that  one 
system  extends  all  round.  In  either  case  we  have  to 
remember  that  by  proceeding  sufficiently  far  round  the 
core  in  a  given  direction  we  return  again  to  the  same 
point. 

Trdnsmibter 


Receiver 


Fig.  23. 


Fig.  24. 


Bearing  this  carefully  in  mind  we  may  regard  our 
system  as  cut  at  A  (Fig.  25)  and  developed  into  a  flat 
surface  A  B  H,  in  which  case  the  two  ends  really  represent 
the  same  point.  In  this  figure  the  wave  is  propagated 
from  the  transmitting  or  primary  coil  in  the  direction  of 
the  arrow  completely  round  the  periphery  until  it  reaches 
the  receiving  coil,  where  it  is  absorbed.  Having  been 
absorbed,  either  fresh  energy  is  imparted  to  it  by  the 
transmitting  coil  and  it  again  passes  round  the  periphery, 
or  a  new  wave  is  generated  by  the  transmitting  coil. 
Which  of  these  two  cases  will  occur  depends  entirely 
on  the  arrangement  of  the   windings  betvv-een  T  and  R. 

T     R 


(•((((((.(.(. 


Op 


Fig.  25. 

In  whatever  way  they  are  arranged,  however,  their  ulti- 
mate object  is  the  absorption  of  a  wave  of  small  energy 
(the  less  the  better)  and  the  emission  of  a  wave  of  much 
greater  energv. 

Before  proceeding  much  further  with  the  electrical  case 
of  our  theorem  it  will  be  well  to  develop  and  applv  thereto 
the  well-known  mechanical  case  of  a  vibratory  cord. 

A   Mechanical   Analogy   to    the   Vibrations  of   the 
Electromagnetic  System. 

Before  proceeding  any  further  we  shall  explain  more 
fully  the  well-known  analogy  between  the  vibrations  of 
our  electrical  system  and  those  of  a  cord,  which  we  shall 
suppose  to  be  submitted  to  a  total  tension  P  and  of  such 
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length  thai  the  displacement  y  of  the  cord  perpendicular 
10  ili  length,  i.e.  to  the  X-axis,  is  always  very  small  relative 
to  the  total  length.  Now  the  tension  of  the  cord  is  every- 
where the  same  in  amount  and  parallel  to  the  tangent  to 
the  cord.  It  therefore  varies  in  direction  owing  to  the 
curvature  of  the  cord  when  in  vibration.  Now  the  force 
lending  to  move  any  clement  of  the  cord  is  equal  to  the 
diitcrcnce  of  tension  on  the  two  ends.  These  tensions  as 
we  have  seen  do  not  differ  in  absolute  magnitude  but  only 
in  direction,  and  for  such  small  lengths  of  cord  as  we  may 
assume  lo  be  circular  arcs  the  difference  of  direction  is 
proportional  to  the  length  of  the  element  ./ s.  Hence  if 
<f  T  be  the  difference  of  the  tensions,  we  have 

d  T/ii  s  =  force  tending  to  move  <f  s. 

This  force  is  necessarily  perpendicular  to  the  cord,  since 
the  components  of  the  tension  on  either  end  of  the  cord 
taken  parallel  to  it  are  equal  and  opposite. 

Now  since  the  tension  of  the  cord  is  constant  in  amount 
and  varies  in  direction  only,  i/T/ds  is  proportional  to  the 
curArature  of  the  cord  at  the  point  considered. 

On  the  assumption  mentioned  above  that  the  displace- 
ment is  small  relative  to  the  length  and  that  the  slope  of 
the  curve  is  therefore  never  very  large,  we  may  replace  s 
measured  along  the  curve  by  .r  measured  along  the  axis, 
and  thus  obtain  another  expression  for  the  curvature, 
viz.  tf  y  J  X'. 

We  may  now  write  P(dy'ldx')^V,  where  P  ^initial 
tension  on  the  cord,  and  F^  force  perpendicular  to  x. 
This  force  must  be  equated  to  the  mass  x  acceleration  of 
the  clement  perpendicular  to  x.  If  the  mass  per  unit 
length  be  p  this  gives  p(d'yld l')  =  \'yd' yjJx')  as  the 
equation  of  motion. 

Let  us  now  compare  these  equations  and  the  quantities 
contained  therein  with  those  of  our  electromagnetic 
svstcm. 


,/ 1  ./ 


.Ui(  liiiiiical  System, 
y  —  displacement. 

,/y/</ /  =  time      rate       of 

change  of  y. 
,1  v/,/  /  =  V,  velocitv. 


two    perfectly    analogous 
AUo 

1  .cr  at  point  r. 


Thus  there  is  a  complete  formal  analogy  between  the 
two  cases  which  we  shall  find  very  helpful  as  we  go  on. 
For  instance,  no  abrupt  change  or  discontinuity  can  take 
place  in  the  flux  4>  owing  to  the  fact  th.it  magnetic  lines 
are  always  closed,  and  similarly  since  we  suppose  our 
cord  is  continuous  there  can  be  no  abrupt  change  in  the 
displacement  y. 

We  have  seen  that  whether  we  consider  the  mechanical 
or  the  electromagnetic  case,  we  arrive  at  the  equation 
d--yldx'  =  L[ii\yldl--). 

The  solution  of  this  equation  subject  to  the  condition 
that  when  x  =  c,  y  is  a  pure  sine  function  of  /,  is 

y  =  A  sin  (i«  x  +  p  I)  +  B  sin  (m  .r  —  />  /)■ 

A  and  B  being  arbitrary  constants. 

Two  terminal  conditions  .ire  necessary,  and  two  only, 
completely  to  determine  the  constants  A  and  B.  These 
may  conveniently  be  values  of  y  at  two  different  values 
of  X.  It  follows,  therefore,  that  a  knowledge  of  the 
values  of  y  for  two  given  values  of  x  completely  deter- 
mines y  for  all  other  values  between  the  two  given  values. 

In  the  case  of  the  vibrating  cord  this  is  easily  seen  from 
the  physical  standpoint.  If  we  know  the  motion  of  the 
two  ends  of  the  cords,  the  differential  equation  determines 
the  motion  of  any  intermediate  point. 


=  y',   slope  of   the 
curve. 
i  ,   ^curvature. 


4>  =  total     flux    at     a 
point. 

,/  *ld  I  =  time       rate       cif 
change  of  (^. 

,/♦;./  /  =  K,  electromotive 
force. 

.,  i,,,  i  =  H,  m.ignctic  den- 
sity. 
d'^ldx'^  riile  of  change  ol 
density. 

\Vc  have  seen  llial  the  following  ei|uations  hold 

I  =  .i,  current  I'  .''  >   /  v'l  =  F,  force  per- 

..ngth.  piiidiciilar  to  v  per  unit 

II  we  awumc  that  length. 

.i=  K(dK/./0  Putting  F  =  p(./V/<fM=ralc 

,      „    ,ni    l,ciM..   closed  "'     '^'»"8C     °f     "«""•="• 

,    „^.  turn,  we  get,  substituting 

.....^  :..;  K,  '"f  V. 

;    ,x')»\Hd'*ldf)  \Hd'yldx-)»p(d'yldC). 


D 


D 


E 


F  V  =  force  x  velocity 
wm  power  at  point  >. 


KiG.  j6. 

Similarly,  if  we  know  the  flux  entering  the  two  ends  of 
our  apparatus  we  can  tell  how  it  is  distributed  at  inter- 
mediate points. 

If,  however,  we  know  the  motion  of  more  than  two 
points  of  our  cord  we  must  divide  it  into  a  number  of 
sections  according  to  the  number  of  points  whose  motion 
is  known.  For  instance,  if  we  h.ive  a  cord  whose  motion 
is  known  at  the  points  A.  H,  C,  I),  K,  F,  we  must  regard 
the  sections  A  H,  ISC,  C  D,  D  E,  and  K  F  as  separate  cords 
vibrating  independently  (see  Fig.  26). 

If  we  suppose  that  at  the  point  H  the  cord  is  clamped  to 
some  support  which  vibrates  with  a  simple  h.irmonic 
motion  or  otherwise,  as  in  the  figure,  it  clc.irly  makes  no 
difference,  so  long  as  the  cord  is  clamped  at  the  gi\eii 
point  and  suhmilled  to  a  forced  oscillation  whether  we  cut 
it  or  not.  If,  therefore,  we  regaid  the  motions  of  U  and  C, 
say  as  known  and  regard  the  cord  as  cut  at  these  points, 
the  motion  of  the  remaining  parts  of  the  cord  make  no 
difference  whatever  to  its  motion  between  M  and  C.  In 
fact,  we  can  remove  the  rciiiainder  altogether  without 
affecting  the  part  between  H   ind  C. 

The  above  is  the  physical  view  of  the  fad  which  appears 
mathematically  in  the  statement  that  two  terminal  condi- 
tions completely  determine  a  particular  solution  of  uur 
equation. 

The  net  result  of  the  above  discussion  then  is  the 
following  statement. 
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If  at  any  two  points,  a  cord  {or  electromagnetic  system)  is 
subjected  to  any  forced  motions  whatever,  the  motion  of  the 
cord  is  comptetety  determined  between  the  two  points  and  is 
absolutely  independent  of  the  motion  of  any  other  part  of  the 
cord. 

Since  in  practice  our  electrical  system  will  usually  have 
its  conductors  disposed  in  a  number  of  separate  slots,  it 
will  be  convenient  in  some  cases  to  imitate  this  63'  con- 
sidering a  chain  having  a  number  of  links  of  definite 
length  instead  of  a  flexible  cord.  The  chain  or  cord  is 
supposed  to  vibrate  in  a  resisting  medium  producing  a 
decrement. 


Fig.  27. 

The  analogue  of  our  electrical  system  is  then  the 
following. 

The  cord  or  chain  is  supposed  to  vibrate  between  two 
sliders  whereby  the  ends  are  held  and  a  certain  tension 
imparted.  No  matter  how  great  this  tension  the  sliders 
are  supposed  to  be  without  friction  or  mass,  unless  other- 
wise stated.  If  the  slider  at  one  end  is  set  in  simple 
harmonic  vibration,  say  bj'  a  crank  and  connecting  rod 
mechanism  as  in  Fig.  27,  while  the  motion  of  the  cord  is 
damped  by  friction,  q  decreasing  wave  will  travel  from  the 
end  in  forced  motion  to  the  other  end. 


Fig.  2S. 

In  the  general  case  both  ends  may  be  in  forced  motion, 
and  in  this  case  the  left-hand  oscillator  produces  a  wave 
flowing  to  the  right  and  the  right-hand  oscillator  a  wave 
flowing  to  the  left. 

This  is  readily  seen  in  cases  where  the  damping  is  so 
great  that  each  wave  dies  away  before  the  other  com- 
mences (Fig.  28),  but  even  if  this  is  not  so  the  two  waves 
will  exist  superimposed  on  one  another.  The  amplitudes 
of  the  two  waves  will  be  such  that  the  sum  of  their  ampli- 
tudes at  the  two  ends  is  equal  to  the  known  amplitude  of 
the  forced  oscillation  at  every  instant. 


Suppose,  for  instance,  that  the  left-hand  oscillator  A 
(Fig.  27)  produces  a  wave  travelHng  to  the  right,  and  that 
the  cord  does  not  terminate  at  B  but  extends  as  shown 
dotted  to  an  unlimited  distance.  Then  the  slider  B  will 
be  set  in  oscillation  in  a  certain  definite  manner,  depending 
on  the  amplitude  and  frequency  of  -Vs  oscillation  and  the 
mass  of  the  cord  together  with  the  amount  of  damping. 

Suppose  now  the  slider  B  to  be  kept  in  a  forced  state  of 
motion,  by  means  of  crank  mechanism  or  the  like,  which 
is  exactly  the  same  in  frequency,  amphtude,  and  phase  as 
that  which  it  had  before  when  it  was  free,  while  that  por- 
tion of  the  cord  shown  dotted  on  the  right  is  removed. 
The  motion  of  the  cord  between  A  and  B  will  be  absolutely 
unchanged,  the  crank  mechanism  now  supplying  the  force 
previously  supplied  by  the  reaction  of  the  part  of  the 
cord  shown  dotted  on  the  right. 

Under  these  circumstances  the  wave  generated  by  the 
oscillator  A  is  said  to  be  completely  absorbed  at  B. 
Complete  absorption  can  only  take  place  for  a  single 
particular  amplitude  and  phase  of  the  oscillation  at  B, 
viz.  that  determined  by  the  wave  motion  due  to  A.  If  the 
motion  of  B  differs  from  this  a  second  wave  as  mentioned 
above  will  start  from  B  travelhng  towards  the  left  and 
having  an  amplitude  at  B  at  every  instant  equal  to  the 
difference  between  that  of  the  wave  determined  by  A 
at  B  and  the  forced  amplitude  of  B.  This  differential 
wave  is  usually  spoken  of  as  a  "reflected  wave"  when 
regarded  with  reference  to  A,  while  the  wave  travelling 
towards  B  and  away  from  A  is  called  the  "  incident  wave." 
Two  particular  cases  of  reflected  waves  are  of  special 
interest : — 

(i)  The  case  in  which  B  is  permanently  fixed  and  its 
amplitude  is  zero.  The  wave  due  to  A  is  then  said  to  be 
completely  reflected  at  B.  In  this  case  the  forced  ampli- 
tude of  B  is  zero  and  the  magnitude  of  the  reflected  wave 
according  to  the  above  rule  is  equal  to  the  difference 
between  zero  and  that  of  the  wave  determined  by  A.  In 
other  words  the  incident  and  reflected  waves  are  equal 
and  opposite  at  B,  their  resultant  being  therefore  zero. 

(2)  The  case  in  which  the  slider  at  B  is  quite  free,  the 
cord  being  supposed  to  terminate  there.  This  must  be 
carefully  distinguished  from  the  case  discussed  above 
where  the  slider  vc-as  quite  free  but  the  cord  (shown  dotted 
in  Fig.  27)  was  supposed  to  extend  to  infinity.  As  men- 
tioned above,  the  iorces  due  to  the  reaction  of  the  right- 
hand  or  dotted  section  of  the  cord  serve  to  modify  the 
motion  of.  the  cord  between  A  and  B,  which  is  therefore 
different  from  that  of  a  cord  terminating  at  B,  at  which 
point  therefore  the  force  acting  on  it  is  zero. 

We  saw  above  that  the  force  on  our  elastic  cord  was 
proportional  to  its  curvature,  and  it  is  easy  to  see  that  the 
curvature  of  an  elastic  cord  naturally  straight  will  be  zero 
at  a  free  end,  but  not  zero  at  all  times  at  an  intermediate 
point  of  an  indefinitely  long  cord. 

The  following  considerations  will  help  us  very  much  to 
obtain  clear  ideas  of  the  motion  of  a  cord  having  a  free 
end  : — 

The  waves  we  have  hitherto  been  discussing  have  been 
waves  of  displacement  from  a  mean  position  which  the 
cord  would  have  if  there  were  no  motion.  Since  the  force 
acting  on  the  cord  at  any  point  is  proportional  to  the 
curvature  of  the  cord,  such  waves  of  displacement  must 
be  accompanied   by  waves  of  force  of  the  same  general 
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shape  h::-  :n  magnitude  and  phase.     Such  a  curve 

of  force  :i  i»  plotted  in  Kig.  39  and  has  a  fixed 

phaM;  relation  to  the  wave  of  displacement  so  that  it  moves 
at  the  same  speed. 

Instead  of  considering  waves  of  displacement,  therefore, 
and  deducing  therefrom  the  \'aJues  of  the  force  at  any 
point,  we  m.iy  consider  waves  of  force  directly  and  deduce 
therefrom  the 'displacement  at  any  point.  If  we  do  this 
the  pre>cnt  case  in  which  the  slider  B  is  free  is  reduced  to 
the  former  one.  since  the  force  at  B  i>  now  zero,  whereas 
before  the  displacement  was  zero.  Hence  everything  said 
about  Case  1  applies  to  Case  2  if  we  interchange  the  two 
words  "  displacement  "  and  "  force."  In  other  words  we 
may  state  the  following  theorem  : — 

The  Ixro  cases  of  a  cord  carrying  u-ave  motion  anil  fixed  at 
one  end  and  that  of  a  cord  carrying  u-ave  motion  and  free 
at  one  end  aie  reciprocal  to  one  another,  the  force  in  the 
second  case  co> responding  to  the  displacement  in  the  first. 

Hence,  if  the  end  of  the  cord  is  free  at  B,  and  the  force, 
therefore,  zero  we  can  decompose  the  force  wave  into 
incident  and  reflected  waves  which  are  equal  and  opposite 
at  B,  their  resultant  being  zero.  I'hus  in  Case  i  the  dis- 
placement is  completely  reflected  at  B.  and  in  Case  2  the 
force  is  completely  reflected.     Similarly,  if  the  force  used 


two  ends  of  our  transmission  to  be  the  same  on  account  of 
its  annular  n.iturc.  To  p.irallel  this  we  must  consider  the 
displacement  of  the  two  ends  of  our  cord  to  be  the  same, 
the  fact  that  all  magnetic  lines  are  necessarily  closed 
being  paralleled  by  considering  that  our  cord  is  unbroken 
and  forms  a  loop. 

Let  us  now  parallel  Fig.  25  by  Fig.  30,  showing  the 
exact  relation  between  the  cord  and  the  electromagnetic 
case.  The  transmitting  coil  or  primary  is  now  compared 
with  A,  a  slider  which  is  vibrated  with  a  large  amplitude. 


fclt 
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Fig.  30. 

generating  a  w.ivc  which  travels  to  the  right  around  the 
loop  and  reappears  on  the  left  of  B.  It  is  there  absorbed 
by  B,  an  oscillator  vibrating  with  small  amplitude,  and 
passes  on  to  A  again  to  be  re-transmittcd  round  the  loop. 
The  distribution  of  cncrgj'  density  in  both  cases  is  exactly 
the  same,  the  ohject  of  the  two  oscilLitors  being,  as  before, 
the  absorption  of  a  wave  of  small  energy  and  the  emission 
of  a  w.ivc  of  mucli  greater  energy. 


to  dri\-e  the  slider  at  B  be  equal  to  that  exerted  by  the 
inadcnt  wave  due  to  A  and  B,  we  h.ivc  a  ca^c  where  the 
force  wave  is  completely  absorbed. 

Since,  as  we  saw  above,  force  corresponds  to  current 
and  velocity  to  electromotive  force  in  the  case  of  our 
transmission,  or  conversely  force  to  electromotive  force 
and  current  to  velocity  in  the  cable,  we  may  compare  the 
cord  having  a  free  end  with  a  cable  having  its  end  earthed 
where  the  electromotive  force  is  zero  but  the  current  free, 
•  cord  with  the  fixed  end  we  m.iy  compare  with 
whose  end  is  insulated  so  that  the  current 
( velocity  in  the  mechanical  case)  is  zero  but  the  electro- 
motive force  free. 

Wc  have  now  carried  the  mechanical  case  of  our  general 
physical  theorem  to  a  point  where  we  may  usefully  employ 
It  further  to  elucidate  the  electromagnetic  case. 

I .  compare  the  primary  or  transmitting  coil  to  the 
A,  and  the  receiving    coil    to   the   oscillator   B 
.^iii^ii  al>M>rbs  wholly  or  paitially  the  oscillations  trans- 
mitted   from  A.      If   work   is   done   by  A  on  the  cord  in 
■  !i;nj:   ij   !i  i  uvcilUtion,  an  amount  of  work  may  be  given 
.'  I  V  1;  equal  t'p  that  put  in,  less  the  work  done  by  the 
'    rl  on  (he  resisting  medium.     If  the  work  done  by  the 
IV  equal  to  the  amount  put  in  at  A,  then  the  wave 
iw;iy  before  it  can  raach  B  and  B  can  do  no  work. 
,  ;  ly  to  the  electrical  case. 
■  ■\  to  consider  the  flux  at  the 


In  Ivith  tlie  above  diagrams  we  have  shown  the  two 
oscillators  as  being  each  concentrated  at  a  single  point  of 
the  system,  the  motion  of  the  wave  being  of  the  same  general 
type  (i.e.  consisting  of  an  incident  and  a  rclleclcd  wave)  in 
both  the  two  intervals  between  A  and  B.  If,  however,  B 
is  adjusted  to  absorb  the  wave  travelling  from  A  towards 
the  right,  it  cannot  absorb  that  travelling  towards  the  left 
as  well,  and  hence  this  wave  will  be  largely  reflected. 

Another  arrangement  which  we  may  adopt  in  our  cord 
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and  which  has  useful  electromagnetic  analogies  is  the 
following  : — 

Between  A  and  B  we  have  a  number  of  intermediate 
oscillators  of  varying  amplitude  and  phase,  typified  by  the 
multi-crank  mechanism  of  Fig.  31,  which  serve  to  guide 
the  cord  and  fix  its  oscillation  at  every  point  between  B 
and  A.  This  converts  the  wave  between  B  and  A  into  a 
forced  wave,  while  it  still  remains  free  in  the  other  interval 
between  A  and  B. 

In  this  case  it  is  perhaps  better  to  think  of  the  cord  as  a 
chain  fixed  to  the  sliders  at  the  junction  between  two 
rigid  links. 

In  the  electric  case  we  think  of  the  member  carrying 
the  transmitting  and  receiving  coils  as  being  slotted  and 
carrying  a  number  of  intermediate  coils  excited  by  electro- 
motive forces  of  differing  amplitude  and  phase — carrying 
in  fact  an  unbalanced  or  elliptical  polyphase  winding. 

It  is  clear  in  the  case  of  the  cord  that  A  and  B  must  not 
be  placed  too  close  together  owing  to  their  different 
amplitudes  of  movement,  or  there  will  not  be  sufficient 
cord  to  allow  them  to  execute  their  vibrations  inde- 
pendently. 

Similarly  in  the  magnetic  case  we  must  not  put  A  and 
B  too  close  together  or  the  densit)'  betvv'een  them  (slope 
of  the  cord)  will  become  too  great.  Subject  to  these 
conditions,  however,  they  should  be  placed  as  close 
together  as  possible. 

Rotation. 

We  have  now  to  consider  what  occurs  when  the 
apparatus  is  in  motion.  As  the  result  of  the  investigations 
given  in  Part  i  we  find  that  when  the  secondary  is  in 
motion  relatively  to  the  primary  the  wave  is  carried  along 
in  the  direction  of  motion.  Thus  if  the  motion  of  the 
wave  is  in  the  direction  of  motion  of  the  secondary  its 
decrement  is  reduced  by  the  motion,  since  when  the 
secondary  is  in  motion  the  wave  is  carried  a  greater 
distance  while  decreasing  by  a  given  amount.  If  the 
direction  of  the  wave  is  opposed  to  that  of  the  motion,  its 
decrement  is  increased  since  the  wave  cannot  travel  so  far 
while  decreasing  by  a  given  amount.  The  decrement  in 
fact  is  proportional  to  the  slip  between  the  motion  of  the 
wave  and  that  of  the  rotor. 

We  also  find  that  in  the  absence  of  condensers  or  com- 
mutators, i.e.  of  means  for  self-excitation,  the  motion  tends 
to  smooth  out  the  ripples  in  the  wave,  i.e.  to  increase  its 
wave-length,  and  this  to  an  equal  degree  whether  travelling 
with  or  against  the  motion. 

Fig.  10  in  Part  i  summarizes  the  characteristics  of  the 
wave  motion  in  a  similar  manner  to  the  circle  diagram  that 
is  in  such  common  use  for  polyphase  induction  motors. 

It  will  be  remembered  that  the  equation  of  this  curve  is 

S'  =  a'+  III'  =  (/>  ^/r,)  cot  9  =  ( /> ,.  1;)  {aim), 
if  the  flux  wave  be  represented  by 


*  =  *„ 


im)x  +  J  f  t 


giving  B  =  (a  -f  /'  in)  *. 


We  saw  above  that  the  primary  ampere-turns  are  equal 
to  the  sum  of  all  those  in  the  closed  secondary  circuits, 
supposed  to  extend  to  infinity  in  one  direction  only,  say  to 
the  right,  from  the  primary  at  .v  =  o.  We  shall  not  at  first 
take  account  of  conductors  on  the  left  of  the  primary,  but. 


having  dealt  with  those  on  the  right  in  the  first  place, 
shall   find   no   difficulty  in  taking  account  of  the  others 
later  on. 
Since  A  =  (i/;<)(rf  B/rf.r), 


total  secondary  ampere-turns  ^ 


Jo  Jo 


dx 


=  the  value  of  B  when  .v  =  o,  since  B  is  zero  at  infinity. 

Hence  the  value  of  B  at  the  origin  is  proportional  to  the 
current  in  the  primary  coil  and  may  be  taken  to  represent 
it  both  in  magnitude  and  phase.  We  have  just  seen  that 
B  ^  (a -f  ;  )!()*  and  K=jpi>.  Hence,  if  we  lay  out  *„, 
the  flux  threading  the  primary  coil,  as  a  horizontal  vector 
in  the  above  diagram,  E  will  be  represented  by  a  vertical 
vector  and  OP  or  a  -\-  j  in  will  represent  the  current  in  the 
primary  coil. 

This  diagram  not  only  informs  us  as  to  the  values  of 
a  and  in  at  different  speeds,  but  it  also  gives  the  current 
and  power  factor  in  the  primary  coil.  It  is  in  fact  a 
complete  epitome  of  the  wave  motion  at  all  speeds. 

It  will  be  remembered  that  we  arrived  at  the  following 
constructions  of  the  principal  quantities  involved  : — 

If  O  P  is  a  vector  to  the  curve  S=  =  (/>  ;i/;j)  cot  9  and 
S  P,  is  the  hyperbola  xy  ^=p  fij{2  r,)  intersecting  it  in  S. 
Then  Y  P,  is  the  speed  of  the  wave  ;  P  P,  is  the  speed  of 
the  rotor  to  the  same  scale  ;  Y  P  =:  a  is  the  rate  of  decre- 
ment and  also  the  slip  of  the  rotor  relatively  to  the  wave  ; 
O  P  is  the  primary  current ;  O  Y  :=  m  is  proportional  to 
the  number  of  poles  per  unit  length  ;  U  T  is  the  torque 
due  to  the  wave. 

It  should  be  mentioned  that  the  speed  v  is  taken  positive 
when  in  the  side  we  are  considering  the  rotor  is  moving 
away  from  the  primary  coil,  and  negative  if  it  moves 
towards  it.     The  wave  always  flows  away  from  the  coil. 

By  way  of  an  example  we  may  elucidate  the  application 
of  such  a  diagram  by  considering  how  with  its  aid  we  may 
calculate  the  wave  motion  due  to  a  single  ring-wound 
primary  co-operating  with  a  short-circuited  secondary  and 
wound  on  a  core  of  such  diameter  and  constants  that  the 
wave  motions  in  both  directions  die  away  before  they 
interfere  with  one  another. 

First  of  all  from  the  dimensions  of  the  apparatus,  the 
cross-section  of  bars,  core  length,  and  air-gap  we  calculate 
the  two  constants  r,  and  /<,  and  thence  pujr,.  These 
known  we  proceed  to  plot  the  two  curves  mentioned 
above.  We  have  next  to  determine  the  scale  to  which 
Y  P,  represents  the  synchronous  speed  of  the  wave 
I'o^— />/»:.  Since  OY^»n,  we  can  readily  calcula'c  v^ 
for  any  value  of  O  P  and  the  corresponding  length  of  Y  P, 
and  so  determine  the  scale. 

If  we  suppose  the  rotor  (Fig.  5)  to  revolve  in  a  clockwise 
direction,  then  on  the  right  of  the  primary  it  will  be  moving 
away  from  it  and  on  the  left  towards  it.  Hence  O  P 
corresponding  to  v  positive,  or  moving  with  the  wave,  is 
correct  for  the  disturbance  on  the  right,  and  O  Pj  {v 
negative)  for  that  on  the  left.  The  first  thing  which  we 
notice  is  that  the  ordinate  m  determining  the  speed  of  the 
wave  is  the  same  in  both  cases,  and  hence  that  the  wave 
flows  away  from  the  primary  coil  at  the  same  speed  in 
both  directions.  But  the  decrements  vary  very  much, 
being,  as  stated  above,  proportional  to  the  slip  between  the 
wave  and  the  rotor,  and  therefore  being  very  great  when 
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r    i^  negative  and   very  small  when  it  is  positive.    The 

vector  O  P,  as  has  also  l->ecn  mentioned  above,  represents 

tiic  total  current  required  in   the  primary  to  supply  the 

11  the  right-hand  side  of  it  from  the  primary 

.    while  O  P,  represents  the  current  required 

iiun  on  the  left-hand  side.     The  total  current  in 

irv  is  therefore  proportional  to  the  vector  sum 

Up  -J-  O  P,  =  ;  O  P,,  and   therefore  to  another   scale  the 

hyperbola  x y  =.pithi  r,)  is  the  locus  of  the  primary  current 

as  we  vary  the  speed. 

It  has  also  been  shown  (Fig.  lo)  that  the  torque  due 
to  such  a  wave  motion  is  proportional  to  the  intercept 
between  the  point  l'  and  the  point  T  where  O  P  (or  O  P 
produced)  cuts  a  horizontal  line  L' S.  In  the  case  which 
■we  are  studying,  the  resultant  torque  will  be  the  difference 
between  the  "'  motor"  torque  L'  T  due  to  the  wave  which 
flows  in  the  same  direction  as  the  rotor  and  the  mucli 
l.wger  back  torque  U  T,  where  T  is  the  point  where  O  P 
produced  cuts  U  S,  due  to  the  wave  flowing  in  the  op- 
posite direction.  The  resultant  torque  is  alw.iys  opposed 
to  the  direction  of  motion  and  the  apparatus  is  a  brake 
absorbing  large  lagging  currents  in  the  primary,  the  R  I' 
losses  being  supplied  by  generator  action  within  the 
m.ichine. 

In  Part  I  the  effect  of  various  modifications  of  the 
constants  of  the  apparatus  on  the  diagram  arc  fully  investi- 
gated, such  as  the  effect  of  including  inductance  or 
capacity  in  the  rotor  circuits  or  of  winding  the  stator 
with  auxiliary  coils  in  addition  to  the  exciting  coil,  closed 
through  inductance  or  capacity.  However,  as  the  case  we 
have  discussed  is  the  most  important  one  it  is  unnecessary 
to  recapitulate  the  others. 

Having  discussed  fully  the  effect  of  a  single  ring-wound 
exciting  coil  on  a  short-circuited  rotor  we  can  readily 
proceed  to  consider  two  such  coils  sp.aced  a  cert.iin  dis- 
tance apart  and  carrying  equal  and  opposite  currents. 
These  two  coils  are  equivalent  to  a  single  drum-wound 
coil.  Having  discussed  one  drum-wound  coil  we  can  then 
proceed  by  the  method  of  super-position  to  build  up  the 
effects  of  a  number  of  drum-wound  coils,  thus  arriving 
finally  at  the  exact  occurrences  which  take  place  in  a 
slotted  stator  of  the  ordinary  type  when  used  with  a 
squirrcl-cage  rotor.  These  will  often  be  found  to  differ 
quite  widely  from  those  which  would  be  expected  from 
the  ordinary  sine-wave  theory.  Such  an  investigation, 
however,  must  l>c  recrved  for  a  separate  paper  as  it  is 
far  too  long  to  be  given  here. 

\Vc  may  again  illustrate  these  facts  by  reference  to 
a  vr  ird.     As  one  of  the  most  important  points 

wc  hIv  is  the  results  they  lead  to  when  limited 

by  cciLuii  icrminal  conditions,  we  shall  first  suppose  our 
cord  t'    br  fixed  at  both  ends. 

1  ti  wc  have  lo  discuss  is  :  What  will  be  the 

cxa.:   ,,!'_r  of  the  motion  if  the  decrement  is  so  small 

that  very  little  of  the  wave  cncrgj-  is  absorbed  before  it 
rcache»  the  reflector,  subject  lo  the  condition  that  the 
decrement  of  the  reflected  wave  is  much  greater  than  that 
of  the  inddcnl  wave,  while  their  wave  lengths  arc  the 
»ami>  » 

I-  ■    I  hat  the  eye  can  follow 

tfi--  .   »lroboM:<)pic  means,  we 

Milin^  troin  the  oscillator  at  a  definite 

iT'U  llir  lighl      As  it  piKtceds  this  rale 


gets  slower  owing  to  the  effect  of  the  reflected  wave,  and 
finally  when  it  reaches  the  reflector  it  becomes  st.ation.iry 
(see  Fig.  3J\.  On  the  left  the  reflector  or  fixed  point  may 
be  placed  so  closed  to  the  oscillator  that  the  standing 
portion  of  the  wave  extends  practically  up  to  the  oscill.itor, 
or  better  still  we  have  a  forced  wave  between  reflector 


Fig.  32 

and  oscillator,  whereupon  we  get  practically  the  condition 
shown  in  Fig.  32. 

Ill  Fig.  32  is  shown  an  electromagnetic  case  of  such  a 
system  in  which  the  incident  wave  has  a  sm.all  decrement 
and  the  reflected  wave  a  very  great  one.  This,  as  wc 
have  stated,  is  characteristic  of  the  c;isc  where  there  is 


Fio.  .t.t. 

relative   motion   between   the   primary   with    its   reflector 
and  the  secondary. 

Wc  !»ec  that  in  this  case  the  wave  proceeds  much  as 
before  till  it  reaches  the  immedialc  neighbourhood  of  the 
reflector,  bcvond  which  it  cuiiiol  pass,  and  since  all 
the  lines  of  force  iiiiist  be  closed  they  are  crushed  into 
a  very  small  space  adjacent  to  the  reflector  giving  rise  to 
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very   high   densities   indeed   at   that   point.      In   practice 
saturation  would  somewhat  reUeve  these  densities. 

Flux  and  density  curves  are  shown  above  and  below,  in 
the  upper  curve  the  small  decrement  of  the  incident  wave 


iiniyiiiniiiiMliliilliiiiiliiiiiQjittt 


Fig.  34. 

and  the  great  decrement  of  the  reflected  wave  (shown 
dotted)  being  clearly  seen.  The  resultant  wave  is  the  sum 
of  these  at  any  point. 

It   is  easily  seen   by   the  aid   of   the   general   physical 
theorem  with  which  we  started  that  an  increase  of  densitv 


in  the  direction  of  motion  gives  rise  to  a  retarding  torque, 
which  in  a  motor  should  be  avoided. 

We  shall  now  endeavour  to  get  a  clear  physical  idea 
of  the  method  of  generation  of  wave  sj-stems  both  in  the 
electric  and  the  mechanical  case.  We  shall  take  the  case 
of  a  cord  or  iron  core  of  indefinite  length,  oscillated 
at  one  point.  In  the  mechanical  case  we  may  suppose 
the  cord  gripped  at  one  point  and  a  simple  harmonic 
oscillation  impressed  on  it  by  a  crank  and  connecting  rod 
mechanism  as  shown.  In  the  electromagnetic  case  a 
concentrated  exciting  coil  is  supposed  wound  round  one 
point  of  the  core  and  this  is  excited  by  a  simple  harmonic 
electromotive  force  (see  Fig.  33). 

In  Fig.  34  are  shown  diagrams  of  five  phases,  illustrating 
the  generation  of  two  travelling  waves,  mirror  images  of 


B'lC.  34 — conti'iiied. 

one  another,  by  this  method  of  setting  up  oscillations, 
whether  in  the  electric  or  meclianical  case. 

The  upper  curve  shows  flux  ■!>  or  displacement  y,  the 
second  magnetic  density  B  or  slope  >■',  and  the  lower 
diagram  shows  the  distribution  of  lines  of  force  corre- 
sponding to  the  flux  and  density  above  them. 

We  see  that  at  the  origin  or  point  of  oscillation  there  is 
a  cusp  in  the  *  curve,  though  *  does  not  change  in  value, 
since  all  magnetic  hnes  are  closed,  and  an  abrupt  break  in 
the  B  curve  where  B  changes  abruptly  from  positive  to 
negative.     Let  us  confine  ourselves  to  the  electromagnetic 
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the    moment.       \Vc    saw    in    Section     2     that 
.1  i  =  ^.thc  current  density,  and  therefore 

I  aW.«='       ^^''=  '  iB»-B.) 


Ul\ 


4-f — nnd  li  i  l'<U'Miii;iiY(i|(jjl 


'(■■■ 


at  . 


Kio.  ;5 

■  ;wccn  x^ii  and  1  =  /•.     In^^encral 

ic  another    li»  approachc  H,  and 

il  mil  le»«  and  \k*s. 

.1  anc'  h  on  oppo»ilc  sides  of  the  did- 

' ).     A*  a  and  ^  approach  ><nc  another 

ipptMatlici  7cr(i   but   IcniU   Ifi   .is-iumc 


a  value  equal  to  the  total  length  C  D  of  the  break.     Hence 
we  conclude  that 
Total  current  at  the  point  of  discontinuity  =  (i//i)C  D  or 

The  disconlinuih  in  the  cune  of  densities  measures  the  current 
in  the  exciting  coil. 

In  the  mechanical  case  wc  find  : — 

The  discontinuity  in  the  curve  0}  slopes  measures  the  force 
supplied  by  the  osallator. 

As  wc  saw  above  at  points  of  discontinuity  such  as  A  we 
may  suppose  that  one  section  of  the  cord  terminates  and 


(d) 

/^^^^^ 

TTJ— 


'^iiiiiitilii'.iiiiliiii^iii'.'iii: 


KiG.  35 — continued. 

another  begins.  In  thai  case  AC  is  the  force  necessary  to 
balance  the  reaction  of  the  rope  on  the  right  of  A,  and  A  D 
that  necessary  to  balance  the  reaction  on  the  left  of  A.  In 
the  electric  case  A  C  is  the  current  necessary  to  excite  the 
disturbance  on  the  right  and  A  D  that  necessary  to  excite 
il  on  the  left. 

Keturning  to  the  curves  of  Fig.  34  wc  may  note  a  number 
of  intcrotiiig  points:-- 

(II  Starting  with  l-'ig.  34  (<i)  we  sec  the  lines  of  force 
which  form  the  curve  start  with  a  small  nucleus  sur- 
rounding the  exciting  coil. 

In  Fig.  34  ''^)  the  nucleus  has  grown  almost  to  its  full 
proportions,  while  in  Fig.  34  (i  1  the  single  nucleus  wc  have 
hitherto  been  dealing  which  begins  to  become  double, 
some  of  the  lines  of  force  on  cither  side  forming  a  closed 
circuit  which  docs  not  enclose  llic  exciting  coil.  In 
Fig.  34  (d)  this  action  has  proceeded  much  further,  while 
in  Fil?.  \i  Iciom  miginal  nucleus  has  almost  divided  into 
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two  entirely  distinct  waves.  Coming  back  to  Fig.  34  (a) 
again  a  fresh  nucleus  starts  which  is  now  of  opposite  sign, 
there  being  two  to  each  complete  period,  one  positive  and 
one  negative. 

(2)  It  is  instructive  to  see  that  when  the  flux  interlinking 
the  exciting  coil  is  greatest  in  Fig.  34  (t)  the  primary 
current  C  D  is  least.  This  current  is  in  quadrature  with 
the  flux,  and  therefore  in  phase  with  the  electromotive 
force. 

(3)  It  is  also  very  instructive  to  note  how  the  direction 
of  the  lines  of  force  reverses  when  the  fJux  curve  crosses 
the  zero  line,  so  that  the  portion  of  the  flux  curve  between 
two  crossings  of  the  zero  line  forms  an  isolated  portion  or 
nucleus  of  the  wave. 

Let  us  now  study  a  case  of  a  wave  motion  reflected  at  a 
point.  A  point  of  reflection  is  a  point  such  that  the  dis- 
placement which  is  represented  by  a  wave  is  necessarily 
zero  at  the  point.  If  we  have  a  travelling  wave  going 
towards  a  point  it  will  be  reflected  at  the  point  and 
another  travelling  wave  superposed  on  it  of  such  magni- 
tude that  the  two  are  at  all  instances  equal  and  opposite  at 
the  point  of  reflection.  The  resultant  vibration  of  the 
cord  is  a  standing  wave  having  its  node  at  the  point  of 
reflection,  and  extending  from  the  point  of  reflection 
where  the  displacement  or  flux  is  zero  to  the  point  of 
oscillation  but  not  beyond. 

In  the  case  of  a  vibratory  cord  a  point  of  reflection  is 
formed  at  any  point  of  the  cord  which  is  clamped  so  as  to 
be  incapable  of  movement,  v  being  necessarily  zero  at  all 
times. 

In  the  electromagnetic  case  a  point  of  reflection  is 
formed  by  a  short-circuited  coil  surrounding  the  iron  core 
or  by  a  termination  thereof. 

In  Fig.  35  are  shown  five  stages  in  the  generation  of  a 
wave  train  by  an  oscillator  fitted  with  a  reflector.  For  the 
sake  of  variety  we  have  shown  the  generation  of  a  wave 
with  logarithmic  decrement  in  this  case. 

Starting,  for  instance,  with  Fig.  35  (a)  we  see  the  flux  at 
its  maximum  surrounding  the  exciting  coil. 

In  Fig.  35  (6)  we  see  that  the  wave  has  begun  to  travel 
towards  the  right  and  some  of  the  lines  of  force  which 
before  surrounded  the  exciting  coil  are  now  able  to  close 
without  doing  so.  In  the  portion  of  the  core  between  the 
reflector  and  the  oscillator,  however,  the  density  is  simply 
reduced  without  any  change  in  distribution. 

In  Fig.  35  (c)  we  see  that  this  action  has  gone  further, 
the  gre.ater  part  of  the  lines  now  closing  without  surround- 
ing the  exciting  coil. 

In  Fig.  35  (1/)  the  whole  of  the  flux  is  on  one  side  of  the 
exciting  coil,  there  being  none  whatever  between  oscillator 
and  reflector.  While  in  Fig.  35  (e)  we  see  how  the  nucleus 
of  a  new  wave  grows  up  surrounding  the  exciting  coil 
again,  and  when  it  has  grown  to  its  full  dimensions  in 
Fig.  35  (a)  again,  it  commences  to  move  off  to  the  right, 
the  lines  of  fores  of  which  it  is  composed  cutting  the 
exciting  coil  as  they  do  so. 

Another  important  point  to  note  in  the  case  of  a  wave 
with  decrement  is  that  its  maximum  which  is  the  point 
where  the  density  is  zero  is  now  no  longer  midway 
between  the  two  points  at  which  it  crosses  the  zero  line. 

The  effect  of  this  is  to  make  the  density  on  the  rear  side 
of  the  nuclei  of  which  the  wave  consists  greater  than  that 
at  the  front,  and  this  generates  a  drag  on  the  conductors 


in  the  direction  of  motion  of  the  wave.  The  power  corre- 
sponding to  the  product  of  this  force  and  the  speed  of  the 
wave,  is  stored  up  as  magnetic  energy  in  the  wave  and 
supplied  by  the  decrease  of  the  flux  as  it  proceeds. 

We  have  hitherto  considered  wave  trains  proceeding 
from  an  oscillator  whose  oscillations  were  of  constant 
amplitude,  or  in  the  electric  case  we  have  considered  cases 
where  a  constant  flux  or  electromotive  force  was  applied 
to  the  oscillator,  and  from  this  assumption  we  have 
determined  the  force  (or  current). 

We  shall  now  consider  the  case  where  the  force  (or 
current)  is  regarded  as  fixed  and  endeavour  to  determine 
the  ampHtude  (or  flux  in  the  electric  case). 


Flux  density 


Fig.  36. 

Let  us  first  take  the  case  of  an  oscillator  at  A  and  a 
reflector  at  B  a  quarter  wave-length  away  from  A,  and 
compare  it  with  the  case  in  which  no  reflector  exists.  The 
effect  of  the  reflector  as  we  saw  above  was  to  reduce  the 
wave  train  between  A  and  B  to  a  stationary  wave  having 
its  node  at  B.  If  we  draw  curves  showing  the  flux  density 
we  note  that  the  flux  density  at  A  due  to  the  standing 
wave  is  always  zero  (see  Fig.  36).  If  now  we  draw  corre- 
sponding curves  for  the  case  where  there  is  no  reflector, 
we  see  that  the  density  at  .A.  due  to  the  wave  train  on  the 


Fig. 


left  is  no  longer  zero  but  equal  and  opposite  to  that  due  to 
the  wave  train  on  the  right  (see  Fig.  37).  Now  on  the 
hypothesis  of  constant  current  the  distance  a  h,  in  the  two 
figures  must  be  equal  and  hence  the  amplitude  of  tlie 
right-hand  wave  train  must  be  twice  as  great  where  there 
is  a  reflector  as  where  there  is  none. 

Thus  a  given  force  applied  to  the  oscillator  (or  current 
flowing  in  the  primary  coil)  gives  rise  to  a  wave  of  dis- 
placement (flux)  having  twice  the  amplitude  in  the  case  of 
a  reflected  wave  of  that  obtained  when  we  have  two  wave 
trains,  mirror  images  of  one  another.  In  other  words  it 
takes  twice  as  much  power  to  generate  two  wave  trains  as 
it  does  to  generate  one  of  the  same  amplitude. 
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In  the  CISC  just  coniidcrcd  wc  may  rcjjard  the  oscillator 
as  generating  two  wave  trains  in  the  normal  manner,  the 
Icft-ii.md  one  of  which  is  relU-ctcd  at  B  and  returning  on 

ll.itor  and  becomes  super- 
:..  thereby  doublmg  its 
*nipiiliiJc.  Wc  luvt  litic  a  case  in  which  the  occurrences 
on  the  right-hand  >ide  of  the  oscillator  A  arc  aflcctcd  by 
what  occurs  in  other  ptortions  of  the  cord.  In  other  words 
the  different  sections  into  which  the  system  is  divided  by 
the  oscillator  and  rellcctor  are  no  longer  independent  of 
one  another. 


In  fact,  the  above   instance   is  only  a   particular  case 

1   of  an  important  general  theorem. 

I  If  ve  knou-  the  litsplaccnunt  { flux  or  E.SI.F.)  at  two  points 
of  OUT  syitcm  the  iitstuih,inic  bcluccn  thoit  points  u  entirety 
independent  of  uhitt  goes  on  hnond  them.  If,  on  the  other 
hand,  tre  assume  the  lorcei  or  currents  to  be  knoun.  the 
various  oscillators  in  the  system  are  quite  independent,  their 
cjfecti  being  merely  superposed. 

It  is  this  theorem  that  permits  us  to  build  up  the  flux 
distribution  in  a  slotted  stator  from  a  knowledge  of  tliat 
due  to  one  drum-wound  coil. 


DISCUSSION    OX     -W  AYLEAVES." 


Before  the  IxsTiTrrioN. 


Mr.  F.  CiiLl.  [communi(aled):  Possibly  the  body 
most  largely  affected  by  the  wayleavc  problem  was  the 
National  Telephone  Company,  and  it  may  be  of  some  use 
to  those  now  concerned  with  this  problem  to  set  out 
briefly  some  of  the  facts  in  the  case  of  that  company. 
From  the  nature  of  the  case  the  telephone  lines  fell  into 
two  groups:  (i)  those  in  which  large  masses  of  wires 
required  underground  facilities  in  towns  ;  and  (2)  those 
in  which  few  wires  were  required  overground  to  scattered 
subscribers.  Those  in  the  first  group  had  urgent  need  of 
waytcaves,  while  those  in  the  second  group  could  not 
stand  a  heavy  rental  to  numerous  wayleave  grantors.  The 
sums  paid  for  wayleave  facilities  had,  of  course,  ultimately 
to  be  paid  by  the  subscriber,  and  these  amounted  to 
;f  167.000  per  annum,  equal  to  over  7  shillings  per  annum 
from  each  telephone  station,  nearly  (>  per  cent  of  the 
total  rental.  I'rior  to  i8<>2  the  Post  Office  charged  the 
telephone  companies  a  rental  of  20  shillings  per  annum 
per  mile  of  wire  for  permission  to  carry  wires  over  and 
along  railways  and  canals  on  which  the  department  had 
acquired  exclusive  right  of  way,  the  companies  having  to 
salikfy  the  owners  also.  The  company  possessed  no  facili- 
tie*  in  virtue  of  Provisional  Urder  or  Act  of  Parliament, 
except  »\  mentioned  later.  On  several  occasions  it  pro- 
:iig  statutory  powers,  but  I  he  Post 
l>e  its  duly  to  oppose  them  and 
lid  so.  The  Telegraph  Acl  of  i!^;!,  how- 
,/cd  the  Postmaster -Oeneral  to  transfer  his 
wayleave  powers  to  the  company  upon  two  conditions  : 
(d>  A  iiLcnvrc  was  not  to  exercise  any  powers  under  the 
>~iid  enactments  except  in  an  urban  sanitary  district  or 
Mich    area    »•'.  in    urban    sanitary    district    as   was 

dcvtribcd   in  e.     th)   \<ilu  ilhstaiiding  anything 

\s.is  not  to  exercise 

without  the  consent 

in  London  ol  v  council,  and  in  any  urban  sanitary' 


district  outside  London  of  the  urban  sanitary  authority.  Mr  gul 
and  elsewhere  of  the  county  council,  and  was  to  be  subject 
to  any  terms  and  conditions  which  the  county  council  or 
urban  sanitary  authority  might  attach  to  any  such  consent, 
and  was  to  comply  with  any  such  regulations  of  such 
council  or  authority  from  time  to  time  in  force  in  relation 
to  telegraphic  lines.  The  local  authorities  proceeded  to 
fasten  upon  the  idea  of  being  able  to  dictate  terms,  and  in 
most  cases  extracted  a  rental  for  underground  facilities, 
a  fairly  common  one  being  5  shillings  per  subscril>cr  per 
annum.  In  the  most  flagrant  case,  however,  London,  the 
situation  was  much  worse  and  the  London  County  Council 
after  passing  a  scries  of  resolutions  setting  out  the  terms 
of  their  consent  to  the  company,  12  months  afterwards 
went  back  on  the  bargain  and  sought  to  fix  the  rates  the 
companv  was  to  charge  its  subscribers  and  to  impose  a 
very  heavv  penalty  for  the  wayleave."  There  appears  to 
be  everv  reason  to  believe  that  the  Post  Office  will  con- 
tinue to  regard  all  rcids.  railways,  and  canals  as  its  own 
special  field,  and  oppose  the  granting  of  powers  which 
seem  likely  in  any  way  to  limit  its  scope.  In  any  legis- 
lation it  is  specially  desirable  that  terms  should  be  lixcd  by 
Parliament  so  that  local  authorities  may  not  have  the 
power  to  impose  unreas^inable  conditions  in  return  for 
grant  of  wayleave  facilities. 

Mr.  A.  P.  TKorrKK  (lommunicated' :  There  can  l>e  no  Mr  Troii 
question  about  the  justice  of  an  appeal  to  tlie  Hoard  of 
Trade  or  to  Mime  other  competent  authority  .tgainst  the 
veto  by  the  local  authority.  The  South  Wales  Kleclric 
Power  Act  1904  provides  that  "  The  consent  of  the  local 
authority  shall  not  be  unreasonably  withheld,  and  if  any 
question  arisen  whether  that  consent  is  unreasonably  with- 
held or  not,  that  question  shall  be  decided  by  the  itoard 
of  Trade.  This,  of  course,  should  apply  all  over  the 
country.    But  the  adjustment  of  waylcaves  is  a  much  more 

•  Sdfcl  C<«niiiim»«  "n  P^wt  Ofliwf      (TclcpJ>on»  Afrcenrnt)  igos. 
C  ''M.  »tt.     W.  E.  I.  (ijint. 
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Trotter,  difficult  matter,  and  it  does  not  appear  to  me  (and  I  write 
only  for  myself)  that  the  Board  of  Trade  could  undertake 
it  satisfactorily  through  the  administration  of  the  Harbour 
Department.  Fortunately  there  is  an  already  constituted 
body  with  wide  experience  in  very  similar  work,  namely, 
the  Light  Railway  Commissioners.  They  are  in  the  habit 
of  examining  districts,  hearing  evidence  on  the  spot,  con- 
sidering the  merits  of  cases  and  of  the  industrial  importance 
of  communications,  settling  of  purchase  money,  and  com- 
pensation for  taking  land.  Some  of  the  most  scandalous 
cases  of  extortionate  wayleaves  consist  in  blocking  only 
a  mile  or  less  of  a  route,  and  the  usual  procedure  for 
considering  and  facilitating  the  construction  of  a  light 
railway  could  not  be  set  in  action  for  each  case  separately. 
But  groups  of  test  cases  could  be  submitted,  and  powers 
should  be  given  to  the  Commissioners  to  revise  any  com- 
pensations which  had  been  agreed  since  the  date  of  their 
acquisition  of  these  powers.  With  slight  alterations 
Sections  7,  21,  and  22  of  the  Light  Railways  Act  1896  are 
readily  applicable  to  vva3'leaves  for  overhead  wires  and 
for  underground  cables.  The  examples  quoted  in  the 
course  of  the  discussion  before  the  Institution  of  the  price 
paid  per  acre  are  not  to  the  point.  The  inconvenience 
to  a  householder  of  a  pole  planted  in  the  footway  imme- 
diately opposite  his  front  door  is  not  to  be  estimated  by 
the  sectional  area  of  the  obstacle.  Poles  on  arable  land 
interfere  with  ploughing  and  harvesting,  and  they  can  be 
reduced  in  number  by  using  long  spans.  On  the  other 
hand,  it  may  be  observed  that  an  upstanding  rock  is  found 
planted  near  the  middle  of  most  of  the  fields  in  some  parts 
of  Cornwall.  Whatever  their  original  purpose,  farmers  do 
not  seem  to  think  it  worth  while  to  remove  such  rocks, 
r.  Verni..r.  Mr.  C.  VERNIER  (hj  Tf/'/v')  :  I  regret  that  Mr.  Chamen's 
valuable  communication  (page  351)  which  gives  the  pro- 
posals of  the  Joint  Committee  of  the  Incorporated  Associa- 
tion of  Electric  Power  Companies  and  the  Incorporated 
Municipal  Electrical  Association,  only  reached  me  after  I 
had  completed  my  reply  (page  355)  in  the  May  number  of 
the  yournal.  The  importance  of  these  proposals  merits 
special  consideration  in  that  they  are  the  considered 
conclusions  of  a  Committee  whose  competence  is  indubit- 
able. I  think  it  is  onlj'  right,  however,  that  I  should  call 
attention  to  some  of  the  limitations  of  these  proposals, 
limitations  which  I  am  confident  the  Committee  themselves 
would  be  the  first  to  acknowledge,  and  which  I  think 
must  be  attributed  in  the  words  of  Mr.  Chamen  to  "  such 
powers  as  it  is  reasonable  to  expect  that  Parliament  will 
give "  ;  to  which  I  would  add  "  under  a  private  Bill." 
Briefly  these  proposals  may  be  summarized  as  follows  : — 

(i)  The  undertakers  may  apply  to  the  Board  of  Trade 
for  a  certificate  of  the  public  utility  of  a  main. 

(2)  On  receipt  of  such  an  application  the  Board  of  Trade 
will  notify  the  landowners  and  invite  them  to 
forward  their  observations  within  one  month. 

(3)  The  Board  of  Trade  may  thereafter  decide  to  issue 
or  withhold  a  certificate  of  public  utility,  either 
with  or  without  a  local  inquiry. 

(4)  The  amount  of  the  compensation  and  all  other  ques- 
tions arising  in  respect  of  the  lines,  unless  mutu- 
ally agreed  between  the  parties,  shall  be  fixed 
by  a  single  arbitrator  appointed  by  the  Board  of 
Trade.  This  same  arbitrator  shall  sit  continuously. 


The  first  three  of  these  proposals  are  closely  in  agree-  Mr.  Vernier, 
ment  with  the  views  which  I  have  given  in  the  paper  and 
in  my  reply  to  the  discussion.  The  fourth  is  also  on  tlie 
lines  of  one  of  my  proposals  put  forward  for  discussion 
under  par.  b  (i).*  In  this  case,  however,  I  made  certain 
stipulations  adopted  from  recent  Acts,  such  as  the  Housing 
and  Town  Planning  Act,  1909,  designed  to  reduce  the 
costs  of  arbitrations.  Unless  the  cost  of  arbitration  is 
minimized,  the  powers  contained  in  the  Committee's 
clause  can  seldom  or  never  be  exercised  to  limit  exorbitant 
rents,  but  will  only  be  useful  in  the  most  obstinate  cases 
of  a  complete  refusal  to  allow  the  grant  of  a  wayleave. 
An  ordinary  Board  of  Trade  arbitration  is  by  no  means 
an  inexpensive  method  of  settling  disputes,  and  taking 
into  account  the  costs  of  the  arbitration  and  legal  expenses 
in  connection  therewith,  will  seldom  be  less  than  £CjO  and 
may  easily  run  into  three  figures.!  To  this  must  possibly 
be  added  the  cost  of  a  Board  of  Trade  inquiry  before  a 
certificate  of  public  utility  is  granted,  which  would  have 
to  be  borne  by  the  undertakers.  As  I  mentioned  in  my 
reply  (page  360),  on  account  of  the  numerous  landowners 
commonly  encountered  on  a  route  the  amount  of  way- 
leave  rent  involved  in  any  particular  case  is  often  under 
£10  -and  seldom  exceeds  _£2o  per  annum,  which  means 
that  recourse  to  arbitration  will  usually  absorb  the  utmost 
possible  saving  on  rentals  for  many  years.  This  would 
not  perhaps  be  serious  if  awards  in  such  arbitrations  were 
accepted  as  a  precedent  in  the  fixing  of  rents  by  other 
landowners,  which  is  not  in  the  least  likely,  for  although 
precedents  usually  receive  consideration  at  the  hands  of 
local  authorities  and  other  corporate  bodies  who  value 
their  prestige,  this  seldom  applies  to  individuals.  It  is, 
however,  really  only  in  this  way,  and  also  through  the 
moral  effect  of  a  Board  of  Trade  certificate  of  the  "  publiS 
utility"  of  the  proposed  main,  that  undertakers  could 
expect  any  relief  from  exorbitant  rent  charges  under 
the  proposed  Bill. 

I  would  here  make  the  suggestion  that  if  arbitration 
is  the  method  adopted,  all  landowners,  tenants,  and 
occupiers  on  the  route  of  a  main  declared  by  the  Board 
of  Trade  to  be  of  public  utility  and  desirous  of  having 
the  question  of  compensation  determined  by  arbitration 
should  be  convened  at  one  and  the  same  hearing  of  the 
arbitration  in  order  to  reduce  expenses.  I  assume,  of 
course,  that  the  arbitrator  would  have  in  his  discretion 
the  awarding  of  the  expenses  of  the  arbitration.!  This 
is  very  important,  as  unless  the  arbitrator  can  exercise 
discretion  in  the  award  of  costs,  landowners  who  wished 
to  secure  exorbitant  rents  might  refuse  to  quote  reason- 
able terms  so  as  to  compel  the  undertakers  to  go  to 
arbitration,  knowing  full  well  tliat  the  terms  they  demand 
are  not  less  good  than  the  terms  the  undertaker  would 
be  likely  to  secure  in  an  arbitration,  plus  the  expenses  and 
trouble  of  the  arbitration.  Further,  it  is  suggested  that 
the  same  Board  of  Trade  arbitrator  sitting  continuously 
shall  hear  and  determine  "  all  "  questions  arising  in 
respect  of  the  line  or  lines  authorized  by  any  certificate 
of  the  Board  of  Trade. 

•  Ante,  page  336. 

f  In  two  cases  of  Board  of  Trade  arbitrations  witliin  m\'  experience, 
which  were  of  the  simplest  character,  not  occupying  the  arbitrator's 
attention  for  more  than  one  hour,  the  total  costs  amounted  to  close 
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will  remove  present  obstacles  and  difficulties.  The  pros- 
pect opened  up  b)'  the  recent  appointment  of  the  Board 
of  Trade  Electric  Power  Supply  Committee  offers  an  oppor- 
tunit}'  for  a  much  bolder  policy',  which  should  be  pressed 
unflinchingly.  As,  moreover,  the  electrical  industry  cannot 
reasonably  expect  to  secure  greater  facilities  from  Parlia- 
ment than  it  considers  essential  to  its  best  and  freest  develop- 
ment, our  claims  to  this  Committee  should  not  be  vitiated 
by  any  thoughts  of  pre-War  prejudices  or  fettered  by  any 
such  considerations  as  hampering  precedents.  I  am  here 
referring  not  merel}^  to  the  question  of  compulsory  way- 
leaves,  but  also  to  the  larger  questions  referred  to  this 
Committee,  with  which  the  subject  of  this  discussion  is  so 
intimately  bound  up.* 

I  think  it  would  be  well  if  I  recapitulate  the  several 
points  which  I  would  consider  essential  to  a  really  useful 
practical  scheme  for  compulsory  wayleaves. 

(a)  That  a  certificate  of  the  public  utility  of  a  proposed 
main  be  granted,  or  alternatively  an  Order  for  tjie 
compulsory  acquisition  of  easements  be  issued  by 
the  Board  of  Trade  on  the  application  of  statutory 
undertakers  in  suitable  cases. 

(6)  The  total  time  allowed  from  the  date  of  application 
to  the  issuing  of  a  certificate  or  of  an  Order,  or  its 
refusal,  not  to  exceed  3  months. 

(c)  Compulsory  powers  to  be  allowed  for  entry  upon  the 

land  in  urgent  cases  before  the  determination  of 
the  compensation. 

(d)  The  method  adopted  for  the  fixing  of  compensation 

in  case  of  dispute  to  be  in  the  first  instance  of  the 
cheapest  and  most  readily  accessible  description 
supplemented  by  a  right  of  appeal  to  some  judicial 
body.  The  determination  of  all  technical  ques- 
tions to  be  in  the  hands  of  the  Board  of  Trade. 

(e)  The  terms  of  tenure  to  be  in  perpetuity  (or  for  at 

least  50  years)  subject  to  the  landowner's  right  to 
the  reasonable  use  and  development  of  his  land, 
and  for  this  purpose  to  require  the  removal  or 
diversion  of  a  main  on  giving  sufficient  notice  at 
the  cost  of  the  undertakers.  A  right  of  appeal  to 
the  Board  of  Trade  to  be  allowed  in  case  of 
dispute.  The  wayleave  rents  to  be  subject  to 
revision  at  periodical  intervals,  as  this  is  essential 
if  the  terms  of  tenure  are  to  be  in  perpetuitv  or 
for  a  long  term  of  j-ears. 

(/)  Wayleave  rents  to  bear  some  relation  to  the  rentals 
which  are  received  by  the  owner  for  the  ordinary 
use  of  his  land. 

(g)  Compensation  to  be  given  and  apportioned  equitably 
by  the  tribunal  duly  appointed  to  all  beneficially 
interested  in  the  land. 

♦  In  the  word?  of  the  Prime  Minister  addressing  a  Labour  Deputa- 
tion a  week  or  two  ago  :  '■  The  War  presents  an  opportunity  for  the 
reconstruction  .1'  the  industrial  and  economic  conditions  of  the  country, 
such  as  has  never  been  presented  in  the  life  of  probably  the  world. 
There  is  no  time  to  lose,  and  I  believe  that  the  after  the'War  settle- 
ment, is  the  settlement  that  will  direct  the  destinies  of  all  classes  for 
generations  to  come.  I  am  not  .afraid  of  the  audacity  of  your  pro- 
posals. I  believe  the  settlement  after  the  War  will  succeed  iii  propor- 
tion to  Its  audacity.  The  readier  we  are  to  cut  away  from  the  past, 
the  better  are  we  likely  to  succeed.  "l  hope  that  every  class  will  not 
be  hankeruig  back  to  pre-War  conditions.  Think  out  new  ways. 
Think  out  even  new  ways  of  dealing  with  old  problems.  Don't  always 
think  of  getting  back  to  where  you  were  bciore  the  War.  Get  a  really 
new  world." 


(/()  All  persons  beneficially  interested  in  the  land  on  a  Mr.  Verni^ 
given  route  in  the  event  of  disagreement  to  be 
convened  at  one  and  the  same  proceedings  for  the 
determination   of   the  compensation  if  this  is  an 
arbitration  or  an  appeal. 
(()  Damages  occasioned  in  the  execution  of  the  work  to 
be  settled  separately  from  the  amount  of  compen- 
sation for  the  wayleave. 
(;')  Compulsory  powers  to  be  granted  for  the  cutting 
and  trimming  of  trees. 

[k)  Special  provisions  to  be  made  for  the  grant  of  a 
compulsorj'  wayleave  in  the  case  of  owners  who 
either  cannot  be  found  or  are  absent  from  the 
country,  as  in  the  Lands  Clauses  Consolidation 
Act  1845. 

The  second  part  of  Mr.  Chamen's  communication  deals 
with  the  abolition  of  the  local  authority's  power  of  absolute 
veto  on  the  question  of  the  erection  of  overhead  wires. 
The  suggested  clause  except  in  one  respect  could  not  be 
improved  upon  and  should  finally  remove  all  doubts  as  to 
the  power  of  a  local  authority  to  prevent  and  obstruct  the 
development  of  overhead  transmission  and  distribution 
lines  mainly  on  private  property.  There  should,  however, 
be  some  limit  to  the  time  allowed  to  the  Board  of  Trade 
for  a  decision  as  to  whether  the  consent  of  a  local  authoritv 
is  being  unreasonably  vi-ithheld,  which  I  suggest  in  such  a 
simple  matter  should  not  exceed  two  months,  and  prefer- 
ably only  one  month.  I  have  given  an  example  in  my 
reply  to  Mr.  Welbourn  (page  361)  where  the  time  which 
elapsed  in  one  such  case  was  five  months,  and  this  is  not 
greater  than  I  would  expect  in  ordinary  cases  if  there  is 
no  limit  placed  upon  it  by  law. 

The  short  resume  by  Mr.  Gill  of  the  National  Tele- 
phone Company's  experience  in  the  matter  of  wayleaves 
illustrates  very  well  the  great  difficulties  which  beset 
the  path  of  the  non-statutory  undertaker  who,  without 
statutory  assistance,  seeks  to  provide  a  public  service  on 
any  but  the  smallest  scale,  especially  when,  as  in  the  case 
of  the  Xational  Telephone  Company,  he  deals  with  a 
service,  viz.  the  transmission  of  intelligence,  which  the 
Postmaster-General  carefully  guards  as  his  special  pre- 
rogative. While  the  non-statutory  authorit}-,  therefore,  has 
the  advantage  in  some  cases  as  pointed  out  in  this  discus- 
sion, this  is  distinctly  not  one  of  them. 

I  am  pleased  to  find  Mr.  Trotter  endorsing  the  justice 
of  an  appeal  to  the  Board  of  Trade  against  the  veto  of  a 
local  authority.  His  quotation  of  the  special  clause  in  the 
South  Wales  Electric  Power  Act  IQ04  shows  that  the 
principle  has  already  been  accepted  by  Parliament, 
and  it  should  not  be  a  very  difficult  matter  to  get  it 
extended  to  other  undertakings,  preferably  in  a  general 
Act. 

It  will  be  somewhat  disappointing  to  others  besides 
myself,  to  find  Mr.  Trotter  expressing  doubt  as  to  the 
ability  of  the  Board  of  Trade  to  undertake  satisfactorily 
the  adjustment  of  wayleaves.  No  such  difficulty  evidently 
presented  itself  to  the  Land  Enquiry  Committee,  who  in 
their  report  recommend  that  Government  departments 
(which  include  the  Board  of  Trade)  should  have  the  power 
to  make  an  order  for  the  compulsor}'  acquisition  of  wa)'- 
leaves  for  any  purpose.  I  myself  cannot  appreciate 
wherein  the  difficulty  lies,  unless  it  be  that  the  organiza- 
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M>  vma  tJon  of  the  Board  of  Trade  is  generally  admitted  to  be 
inadequate  to  the  needs  of  indusln-,  and  of  the  electrical 
iodu>tr>-  in  particular.  The  fact  that  the  electrical  industry 
remains  under  the  organiiation  of  the  H.irbour  division  of 
the  Board  of  Trade,  is  in  itself  a  ^ufiicicnt  indication  of  the 
importance  it  carries  in  Government  circles.*  It  is  not 
clear  from  Mr.  Trotter  s  remarks  whether  he  suggests  that 
the  Light  Kail*-ay  Commissioners  should  be  invested  with 
nevk  powers  to  deal  with  compulsor>-  wayleavcs.  or  whether 
he  would  adopt  the  machinery  of  the  Light  Railways  Act 
iSsK"  and  i<)i2  dJ  hoc.  If  it  is  essential  that  a  local  inquiry 
should  be  held,  the  Board  of  Trade  might  be  authorized  to 

•  Thii  !•  a  relic  at  the  day»— some  50  years  aRo  now— <.f  ttie  first 
aaoptna  o*  tlcvinc  li;:lit  in  liiilitlioiiwi. 


appoint  the  Light  Railway  Commissioners  to  hold  such  Mr.  Vern 
inquiry,  although  it  would  appear  that  the  Board  .already 
has  this  power  under  Section  2  of  the  Board  of  Trade 
Arbitrations,  etc..  Act  iH'-i-  But  if  the  suggestion  be  that 
the  procedure  of  the  Light  Kailvv.iys  Acts  should  be  fol- 
lowed, which  may  involve  two  local  inquiries,  one  by  the 
Commissioners  and  one  by  the  Board  of  Trade,  and  even 
contemplates  a  reference  to  Parliament  at  the  discretion  of 
the  Board  of  Trade,  which  further  incorporates  the  Lands 
Clauses  Acts  and  provides  for  the  settlement  of  the  com- 
pensation by  a  single  arbitrator  and  in  some  cases  by  the 
Commissioners  themselves,  the  usefulness  of  these  powers 
would  be  extremely  limited  for  reasons  which  I  have  already 
elaborated  in  this  reply. 


Newcastle  Local  Section,  i6  Apkil,  1917. 
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.Mr.  H.  \V.  CLuTHiliR  :  This  paper  is  a  timely  innova- 
tion.    It  demands  the  removal  of  obstacles  in  the  path  of 
development  and  progress  in  the  uses  of  electricity  for  the 
service  of  the  community.     The  War  has  brought  home 
mo-t  forcibly  the  need  for  more  rapid  progress.     It  is  now 
recognized  as  a  national  matter,  and  I  think  the  Institu- 
tion vnll  be  foremo>t  in  directing  its  energies  to  the  full 
in   order  to  solve  troubles  and  difficulties  which    in  pre- 
War   times  had   often   to   be   borne   by    individuals   and 
isoUted  sections  of  the  industry.     The  author  has  clearly 
shown   bv   the  record  of   experiences   that   the  need  for 
reform   in   the  matter   of  wayleavcs  calls   for   the   most 
serious  consideration  of   the  electrical    industry   and   the 
public  in  general.     He   finds  that  representatives   of   the 
comn.anilv    h.ivc   not    always    shown    the     existence    of 
I     in   dealing   with    such   m.itters.     This    is 
:ablc,  but  it  is  nevertheless  true  that  meetings 
of   non-technical   men  are- apt   to  be  reticent  and  ultra- 
cautious  in  handling  propositions  with  which  they  are  not 
(ullv  conversiint.    Certain  sections  are  disposed  to  look  with 
jccts  .IS  seem  to  them  more  in  the 
-ts  than  the  community.    Are  not 
nc  extent  to  blame  for  this  state 
not  exist  amongst  them  a  corre- 
vilh  the  administration  of  the 
I    consider    the    electrical 
induslrv  to  be  particularly  backward  in  this  respect.     Our 
'   n  absorbs  our  entire  interest  and    leaves  us  no 
n  had  we  the  inclination,  to  pay  much  attention 
spirit." 

On  page  330   the   statement   that 

I    IN   free    to    erect    overhead 

.id    .-icro>.s   public  ro.ads  with- 

liie    local    aiilhorily    needs     some 

lliu»  suspended  over  a  public  road 

IS  at  the  risk  tint  may 

„y  way  to  any  1  ,  vlully  using 

I  think  the  author  has  hit  on  the  main  fact, 

nt»  out  that  it  is  impossible  to 

iiwncr.    This  is  the  real  diffi- 

•.!ie  whip  hand,  .and  the  way  in 

I  all  over  the  land  in  this  di»- 

.  which  the  busi- 

il.  The  author  in 

dealing  wit  l'^^,-^  re.lriclcd 

h.m«H   to  <... ""*'   •""'   °P^" 


prote'vsiuiuil 

..f  ,ifT..it>'r     ]■ 

J  lack  of 
ji    the    t 


a 

wit' 

out    the    consent    ot 

qualification      ^  »<i^° 

by  Mich  an 

be  cau»cd  tin 

the  road, 


land.  He  docs  not  deal  with  parks  or  land  in  front  of  Mi.  Bun 
and  in  connection  with  private  houses.  That  is  a  different 
matter.  At  the  present  time  a  pole  is  not  beautiful,  and 
an  unsightly  row  of  posts  in  view  of  a  mansion  house 
certainly  affects  the  value  of  that  house.  Taking  the 
land  as  purely  agriciiltural,  however,  the  damage  to  the 
landowner  is  in  the  main  nominal  only  :  it  is  the  tenant 
who  suffers  most.  A  certain  amount  of  land  is  spoilt  and 
the  tenant  is  clearly  entitled  to  compensation.  The  time 
has  come  when  compulsion  for  the  acquisition  of  way- 
leaves  for  electrical  purposes  is  really  necessary,  not  only 
for  the  industry  itself  but  also  in  the  interests  of  the  public. 
The  War  is  producing  effects  on  the  public  mind  which 
will  make  it  all  the  easier  to  get  compulsory  powers. 
Of  course  in  all  compulsion  there  is  the  very  difficult  ques- 
tion of  the  incidental  costs.  One  knows  tliat  the  costs 
under  the  Lands  Clauses  Act  liave  alw.iys  been  a  very 
serious  addition  to  the  cost  of  the  acquisition  of  land. 
I'nder  that  .\ct  the  whole  of  the  costs  of  the  .arbitration 
have  to  be  borne  by  the  undertaker.  Under  the  Public 
Health  Act  the  question  of  costs  is  entirely  at  the  discre- 
tion of  the  umpire,  which  is  a  useful  provision  because  it 
has  the  effect  of  making  the  owner  a  little  less  >liff  in  his 
dem.ands.  On  the  question  of  costs,  the  difficulty  is  to  set 
lip  a  competent  tribunal  which  sh.all  be  fair  to  both  parties 
and  at  the  same  lime  be  able  to  deal  with  the  matter  at 
small  expense.  I  would  suggest  for  consideration  whether 
it  might  not  be  possible  for  a  Bill  to  be  passed  which 
would  enable  the  parlies  in  the  event  of  disagreement  to 
make  use  of  the  services  of  the  experts  in  the  Land  Valua- 
tion Department  as  .arbitrators  in  disputed  cases.  The 
head  official  in  c;ich  district  should  have  surticieni  spare 
time  and  knowledge  to  be  able  to  undertake  imp.artially  such 
.arbitrations,  which  after  all  would  not  be  very  numerous. 
Siicli  work  might  be  made  part  of  his  official  duties  and  his 
services  might  be  av.iilable  at  a  small  fee  or  without  any 
fee  at  all.  Some  such  procedure  would  save  money  and,  I 
think,  produce  a  siitisl.nctory  result.  I  should  imagine  th.it 
in  the  ordinary  case  of  a  w.ayleave  across  a  farm  -iicli  an 
official  would  have  the  necessary  local  knowledge  and  be 
able  after  heating  evidence  to  give  an  eqnil.ible  decision 
satisfactory  to  l>otli  parlies.  I  think  the  suggestion  that  the 
compensation  might  l>c  ascertained  by  an  arbitrator  ap- 
l>oiiited  by  the  Hoard  of  Trade  might  prove  much  more 
costly,  owing  to  the  expenses  and  fee  in  connection  with  a 
special  journey  from  I^iiilon    1  cordially  support  the  sugges- 
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Burton  tion  that  the  undertaker  should  be  empowered  to  enter  upon 
the  land  and  commence  work  under  proper  securit)-  before 
the  payment  is  ascertained,  and  I  hope  that  before  long 
some  machinery  may  be  set  up  by  which  matters  of  this 
sort  can  be  speedily  determined  at  a  reasonable  cost  rela- 
tively to  the  interest  involved. 
.Chrisp.  Mr.  T.  Chrisp  :  In  this  district  I  have  found  two 
serious  difficulties  to  contend  with,  namely,  delay  in 
negotiations,  and  the  gradual  increase  in  rentals.  With 
regard  to  the  landowner,  it  seems  iniquitous  that  any 
one  man  should  be  able  to  hold  up  work  of  national 
importance,  simply  because  he  cannot  make  up  his  mind, 
for  sometimes  as  long  as  i8  months.  But  to  me  by 
far  the  most  important  point  seems  to  be  the  gradual 
increase  in  rentals.  So  far  as  the  obtaining  of  consent 
to  cross  land  is  concerned,  perhaps  we  are  fortunate  to 
have  manj-  large  landowners  in  this  district ;  at  any  rate 
I  have  always  found  their  agents  amenable  to  reason 
in  this  respect,  and  willing  to  do  anj'thing  in  their  power 
to  help  us.  The  difficult^'  arises  where  we  come  across 
the  small  owner  who  demands  an  exorbitant  price  (and 
he  is  nearly  always  to  be  found  on  a  route  of  any  length). 
The  question  then  arises  whether  it  is  advisable  to  divert 
the  line  at  a  great  additional  e.xpense  or  to  pay  the  rental 
demanded.  Should  the  latter  course  be  taken  in  order 
to  save  the  extra  expense,  which  often  amounts  to 
hundreds  of  pounds,  what  is  the  result  ?  Other  owners 
demand  a  similar  rental  the  next  time  they  are  approached 
for  wayleaves,  and  in  this  way  the  rentals  have  increased 
from  time  to  time.  It  has  often  been  said  to  me  that 
everyone  should  be  paid  the  same  rental.  I  agree, 
provided  they  are  all  willing  to  accept  a  reasonable 
amount.  In  practice,  what  happens  is  that  out  of,  say, 
10  owners  one  may  insist  on  a  large  rental  and  the  others 
then  have  to  be  paid  on  the  basis  of  the  highest  price 
demanded.  Endeavours  have  been  made  to  standardize 
the  rentals  in  this  district,  but  mainly  owing  to  the 
above  reasons  very  little  success  has  been  experienced. 
Whether  the  large  landowner  is  justified  in  increasing 
his  rental  in  order  to-  come  into  line  with  others  or  not 
is  perhaps  a  matter  of  opinion,  but  the  fact  remains  that 
rentals  are  increasing  and  have  increased  to  such  an 
extent  that  in  my  opinion  unless  some  such  measure 
as  the  author  has  advocated  comes  into  force,  the  effi- 
ciency and  econoni}-  of  national  industries  will  be 
seriously  handicapped. 

Mr.  F.  G.  C.  Baldwin"  :  My  personal  experience  in  the 
""'  negotiation  of  wayleaves  has  been  associated  with  ease- 
ments required  for  telegraph  and  telephone  purposes, 
and  no  doubt  the  difficulties  met  with  are  not  dissimilar 
from  those  of  power  supply  engineers.  I  have  had  an 
opportunity  of  judging  the  relative  merits  of  carrying 
out  wayleave  negotiations,  first  without  the  assistance  of 
any  legal  powers  whatever,  and  secondly  under  the 
powers  conferred  by  the  several  Telegraph  Acts.  Al- 
though there  can  be  no  doubt  whatever  that  great  advan- 
tages will  accrue  if  the  proposals  contained  in  the  paper 
are  forthcoming,  still  it  should  not  be  expected  that  the 
whole  of  the  difficulties  which  arise  in  obtaining  way- 
leaves  will  disappear;  and,  furthermore,  fresh  difficulties 
will  no  doubt  arise  and  will  have  to  be  countered.  The 
author  refers  to  the  stipulations  sometimes  imposed  by 
wayleave  grantors.     Occasionally  these  arc  of  a  curious, 
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not  to  say  ridiculous,  nature.  Mention  of  one  only  out  Mr. 
of  a  considerable  number  which  have  come  under  my  ^  "^°' 
notice  from  time  to  time  will  suffice.  Some  j'ears  ago, 
apphcation  was  made  for  permission  to  erect  a  line  of 
poles  across  a  large  estate  which  could  only  be  avoided 
by  making  a  wide  detour  and  incurring  considerable 
additional  outla}-.  After  some  delay,  the  owner  reluc- 
tantly gave  consent  for  the  erection  of  the  poles  with  the 
proviso  that  each  should  be  painted  in  stripes  of  red, 
white,  and  blue,  and  that  pulleys  and  cords  should  be 
provided  so  that  he  might  be  enabled  to  raise  the  national 
flag  when  he  so  desired.  The  poles  were  subsequently 
erected  and  the  conditions  imposed  complied  with.  At 
a  later  period  the  grantor  evidently  became  dissatisfied 
with  the  colours  he  had  chosen  and  requested  that  the 
poles  should  be  repainted  blue  and  certain' other  altera- 
tions made. 

Mr.  J.  W.  Laws  :  Overhead  construction  is  an  essential  ^^f-  Laws. 
part  of  electrical  distribution,  and  the  granting  of  the 
•essential  wayleaves  ought  therefore  to  be  based  upon 
some  sort  of  logic  or  equity.  Legislation  is  essential  in 
the  interests  of  an  organization  which  has  striven  through 
the  experimental  stages  of  supply  to  the  present  position, 
and  therefore  neither  an  individual  nor  a  local  authority 
should  have  the  power,  either  by  imposing  arbitrary 
conditions  or  absolute  veto,  to  prevent  the  giving  of 
supply.  This,  therefore,  calls  for  immediate  attention. 
It  seems  absurd  in  some  cases  for  local  authorities  to 
compel  a  company  to  lay  cables  at  a  depth  of  3  ft.  while 
those  in  an  adjacent  district  are  laid  at  a  depth  of  2  ft. 
or  2  ft.  6  in.  I  am  not  concerned  with  the  machinery 
which  should  be  created  in  order  to  carry  out  what  is 
required,  but  I  think  it  ought  to  be  possible  to  extend 
the  principle  of  the  Public  Health  Act  1S75.  If  a  local 
authority  be  empowered  by  that  .\ct  to  carry  water  or 
sewerage  mains  through  private  land  and  the  only 
question  to  be  considered  be  the  damage,  it  does  not 
appear  to  be  right  that  any  company  supplying  electric 
power  should  continue  to  be  subject  to  these  restrictions. 
On  the  other  hand,  however,  I  believe  that  sooner  or 
later  the  development  of  electricity  supply  will  compel 
companies  to  adopt  underground  mains  more  and  more  ; 
the  Government  must  therefore  in  the  interests  of  the 
community  make  electrical  distribution  by  this  method 
economically  possible. 

Mr.  A.  H.  W.  Marshall  :  It  might  be  helpful  if  I  gave  Mr. 
one  instance  of  the  hampering  of  the  electrical  develop-  '  ^"^ 
ment  of  an  important  mining  district  by  the  arbitrary  and 
unreasonable  action  of  a  large  landowner.  Some  eight  or 
nine  years  ago  the  company  with  which  I  am  connected 
opened  up  negotiations  for  the  erection  of  about  20  miles 
of  pole  lines  in  a  district  which  was  well  adapted  for 
overhead  line  construction,  but  their  efforts  were  blocked 
by  the  owner  of  a  large  estate  over  which  the  greater  part 
of  the  lines  would  have  been  taken.  The  only  alternative 
was  to  lay  cables  in  the  public  roads  at  a  cost  of  about 
;£30,ooo ;  on  the  same  basis  the  district  could  have  been 
served  by  means  of  pole  lines  at  less  than  60  per  cent 
of  this  sum,  so  that  there  was  an  expenditure  of  about 
£12,000  which,  so  far  as  the  company  was  concerned,  was 
a  sheer  waste  of  money.  Other  disadvantages  followed,  in 
that  the  energy  had  to  be  transmitted  over  greater  dis- 
tances ;    and  when   the  mains  were   loaded  to  their  fuU 
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canviii>;  capacity,  as  they  wry  soon  were,  the  develop- 
ment of  the  district  was  checked  pendinR  the  expenditure 
of  a  further  Lirjje  sum  in  feeders.  Mad  pole  hnes  been 
erected  the  capacity  of  the  lines  could  have  been  increased 
at  r  •  '  ••  ■  I'^inft  the  volta;^.     The  only  reason 

give  ■•".  uling  of    wayleavcs   on   reasonable 

tcrm^  was  that  construction  of  the  overhead  lines  would 
interfere  with  the  amenities  of  the  estate.  In  this  connec- 
tion I  do  not  agree  with  one  or  two  previous  speakers  that 
overhead  line  construction  when  well  carried  out  is  a 
disfif^uration  of  the  countryside.  What  has  made  it  so  in 
a  great  manv  cases  is  th.it  the  route  takes  a  tortuous  course 
to  avoid  property  and  to  follow  fence  lines  :  where  the 
lines  can  be  creeled  >lraight  from  point  to  point  there  is  to 
mv  mind  no  disl"igurement.  There  is  one  point  in  the 
author's  recommendations  which  I  should  like  to  raise  as 
it  seems  to  me  a  fundamental  one.  On  page  337  he  says 
that  "  The  arbitrator  or  valuer  should  not  be  allowed  to 
take  into  consideration  any  saving  in  expenditure  which  is 
afforded  to  the  undertakers  by  the  grant  of  the  wayleave."- 
If  this  be  so,  it  follows  that  the  only  rent  to  be  paid  is  that 
required  to  cover  the  damage — permanent  and  temporary 
— which  is  likely  to  be  sustained  by  the  tenant  or  occu- 
pier ;  and  consequentiv  the  landowner,  if  he  makes  full 
allowance  to  the  tcn;int,  does  not  get  anything  himself. 
This  is  scarcely  equitable,  as  the  underUker  can  obviously 
aiTord  to  pay  some  part  of  the  saving  in  expenditure  which 
he  makes  over  what  alternative  method  is  available,  and 
the  landowner  is  certainly  entitled  to  some  consideration 
for  the  use  which  is  being  made  of  his  property.  The 
question  to  settle  is  what  i->  a  fair  rental,  and  as  the  whole 
>nipulsory  powers  is  to  make  it 
ive  to  be  secured  by  the  undertaker 
at  a  price  whicli  will  permit  of  the  development  of  the 
electrical  supply  in  the  public  interest,  it  is  obvHous  the 
settlement  of  this  price  can  only  be  left  to  sonic  authority 
such  as  a  Parliamentary  Commission  or  the  Board  of  Trade 
which  is  in  a  position  to  decide  how  far  the  public  interest 
has  to  be  served.  The  rental  demanded  by  the  landowner 
for  the  riijht  of  use  of  his  property  is  in  the  nature  of  a 
■  V.  which  has  no  market  v.alue  and  therefore 
•I  to  I'm-  decision  of  any  expert  or  surveyor, 
however  •    .IS  he  has  no  basis  to  work 

upon.      I  'it  from  that  of  the  acquisition 

o(  land  by  compulsory  purchase,  ,as  in  that  case  the 
Value  of  land  is  settled  by  what  it  could  be  used  for 
for  other  purposes.  I  think  that  the  author's  rccom- 
mt     '  ■  '      't  be  supplemented  by  a  defiiiite  demand 

foi  til  underground  and  pole-line  wayleaves 

on  "'Ih  of  the  average  annual 

rei.'  "  over  a  number  of  years, 

per    ■>>!  yaiils  III   luti!  This  i»  e()uiv.ilent  to  a 

price  of  64  shllllng^  |"  1   1  line  with  Ho-yard  spans 

and  land  rented  at  £7  per  acre.  It  is  an  increase  in  value 
\o  11 .  i,,,,ii[,rd  of  20  per  cent  on  a  strip  of  Lind  approxi- 
m;>'  :ds  wide  running  the  full  length  of  the  line  : 

an  "'  on  the  tenantablc  value,  it  would  require 

th<  '  pay  a  higher  ch.irgc  for  the  use  of  more 

'  '  l>r  priced  differently 

I  for  the  protection 

i,t  c.     I   am  convinced 

UiJ'  sind  which  might  l>c 

rrvitcd  prrKxlically  will  it  l>c  po<t«ible  tn  put  an  end  to  the 


waste  of  time  and  money,  legal  charges  and  otherwise,  Mr 
which  are  bound  to  follow  the  attempts  of  .irbitrators,  "'™''»'' 
sur\'cyors,  and  lawyers  to  settle  equitable  terms.  As  a 
reason  for  advancing  the  particular  sum  which  I  have 
mentioned,  I  may  say  that  it  is  approximately  the  rental  .it 
whicli  one  of  the  largest  land-owning  trusts  in  the  country, 
whose  management  has  considered  the  matter  both  from 
the  point  of  view  of  their  own  interests  and  th.it  of  the 
public  utihties,  is  prepared  to  grant  wayleaves. 

Mr.  C.  TfRXBfLl. :   One   of  the   difficulties  in  getting  ^^^ 

;  Acts  of  Parliament  through,  giving  power  to  run  overhead 
cables,  is  that  so  much  attention  is  given  by  the  public  to 
any  electrical  accident.  Far  more  people  are  killed  and 
wounded  by  slipping  on  orange-peel  and  banana  skins 
than  by  electrical  accidents,  and  thousands  more  by 
motor-car  accidents,  but  Parliament  passes  no  Bills  to 
prevent  such  accidents.  Yet  a  single  electrical  accident, 
even  if  caused  by  criminal  action  of  the  person  who 
suffers,  is  sufficient  to  block  the  way  to  progress  in 
wayleave  legislation  for  a  long  period.  Probably  the 
best  way  to  get  people  into  :i  more  friendly  frame  of  mind 
would  be  to  convince  them  that  they  would  save  money  if 
wayleaves  were  freely  obtainable,  for  the  benefit  of  elec- 
tricity at  cheap  rates  would  eventually  filter  through  to 
the  whole  community.  It  is  wonderful  how  soon  the 
aver.agc  mans  opposition  f.ades  away  if  he  thinks  that 
he  is  going  to  g.ain  by  the  change.  Mr.  Burton  has 
made  a  valuable  contribution  on  the  arbitration  problem, 
and  we  must  hope  that  something  will  be  done  to  give 
effect  to  his  proposals.     It  would  save  much  of  the  cost  of 

'  arbitration  if  the  rule  were  that  each  side  paid  its  own 
expenses.  Where  necessary,  the  arbitrator  could  .lUow 
for  this  in  his  award  ;  but  the  uncertainty  attaching  to 
such  allowance  would  prevent  people  from  increasing  the 
costs  in  the  w.ay  that  they  now  do.  when  they  feel  sure 
that  the  other  side  will  pay  all  expenses.  To  give  full 
effect  to  this  we  must  find  means  to  ensure  that  it  is  not 
to  the  advantage  of  the  arbitrator  to  have  long  and  costly 
arbitrations  to  decide  siiTiple  problems. 

'       Mr.  C.   E.  Elder  :  The  obstruction  and  delays  which  Mr  EU. 
local  ,-iuthoritics  are  able  to  pl.ice  in  the  development  of 
overhead  schemes,  by  virtue  of  the  powers  conferred  on 

j  them  bv  antiquated  Acts  of  P.arliainent,  are  entirely  out  of 
touch  with  the  spirit  of  "  push  and  go"  which  is  a  marked 
feature  of  all  healthy  electrical  power  concerns.  There 
is  room  for  improvement  in  regard  to  consents,  and  the 
author  is  very  moderate  when  he  pleads  for  a  further 
concession  in  connection  with  the  question  of  appeals,  and 
a  time  limit  for  notices,  etc.  Surely  the  consent  of  the 
Board  of  Trade  to  erect  a  line  on  private  land,  and  the 
permission  of  the  landowner,  are  sufficient  authority 
without  having  to  plead  for  the  further  consent  of  the 
local  authorities,  who,  as  the  author  points  out,  arc  in 
manv  cases  ignorant  of  the  powers  which  they  possess. 
I  think  the  author's  suggestions  for  dealing  with  wavleavcs 
are  based  upon  reasonable  and  practical  methods,  and  I 
have  no  doubt  that  his  expectations  will  soon  be  rcilixed 
in  this  direction.  If  we  have  to  continue  under  the  present 
conditions,  the  position  will,  I  think,  become  impossible, 
as  the  landowner  or  tenant  will  demand  more  compensa- 
tion than  ever,  owing  to  the  increased  value  of  arable  land. 
I  should  like  lo  say  a  word  on  behalf  of  the  farmer  on  the 

I   question  for  compensation  for  pole  standagc.     It  will  be 
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•.  Elder  secn  from  the  author's  remarks  on  this  point  that  it  is 
possible  to  fix  up  a  scheme  with  the  landlord  wherein  the 
farmer  or  tenant  is  left  out  of  the  bargain.  On  behalf  of 
the  farmers  in  general,  and  the  mains  engineers  in  particular, 
let  me  say  that  such  arrangements  are  absolutely  un- 
satisfactory for  smooth  working  between  these  two  parties, 
and  I  give  this  from  practical  experience.  Farmers  can  be 
a  great  help  to  the  mains  department  in  many  ways  by 
comhigto  their  assistance  with  ladders,  carts,  etc.,  in  times 
of  trouble,  but  if  the  trouble  were  to  occur  on  a  farm  when  no 
compensation  is  allowed,  it  is  certain  that  little  help  would 
be  forthcoming.  In  other  words  the  farmer  would  be 
absolutely  dissatisfied,  and  would  not  consider  our  interests 
in  any  wa}'.  It  is  an  important  item  to  have  satisfied 
farmers  on  our  pole-line  routes. 

.Hunt.  Mr.  F.  O.   Hunt:   There  seems  to  be   every  prospect 

of  history  repeating  itself.  In  the  early  development  of 
railways  there  were  instances  where,  owing  to  obstruction 
by  landowners,  lines  had  to  be  diverted.  The  descendants 
of  those  obstructors  are  now  regretting  the  "  dog-in-the 
manger'  attitude  of  their  predecessors,  because  the 
property  has  missed  much  of  its  share  in  the  resulting 
development  and  in  some  cases  centres  of  population  have 
been  diverted  to  other  districts.  This  is  a  point  which 
might  well  be  utilized  in  negotiating  witli  stubborn 
olijcctors.  As  regards  the  route  to  be  taken  by  pole  lines, 
I  must  sympathize  with  the  owners  and  farmers.  A  row 
of  poles  across  country  without  regard  to  fences  increases 
not  only  the  amount  of  wasted  ground  but  also  the  cost  of 
working.  This  is  especially  the  case  where  power  ploughs 
are  in  use,  and  presumably  the  pole  lines  themselves  may 
lead  to  an  increase  in  such  methods.  It  is  necessary 
therefore  that  pole  lines  should  be  so  arranged  as  to 
interfere  as  little  as  possible  with  cultivation. 

Mr.  R.  VV.  Gregory  :  This  paper  can  be  considered  to 

■cgory-  be  the  nucleus  of  an  appeal  to  the  Government  to  grant 
certain  terms  of  preference  to  suppliers  of  electric  power 
in  their  dealings  witli  owners  of  certain  existing  rights, 
and  inasmuch  as  this  action  may  be  held  to  lie  opposed 
to  the  doctrine  of  economic  freedom  it  behoves  us  as 
suppliers  of  electric  power  to  show  that  the  granting  of 
tliis  appeal  will  enhance  the  prosperity  of  the  nation  and 
will  at  least  do  no  harm  to  the  few  whose  rights  we  wish 
to  curtail.  The  arguments  in  favour  of  compulsory  way- 
leaves  can,  I  think,  be  divided  under  two  headings, 
namely,  (i)  economic,  (2)  aesthetic.  The  author  has  not 
restated  the  economic  argument.  It  can  be  done  fairlj' 
well,  I  tliink,  in  six  sentences,  (i)  The  amount  of  power 
consumed  by  a  manufacturing  nation  in  a  given  time  is 
an  index  of  that  nation's  income  in  that  time.  (2)  The 
more  cheaply  power  is  to  be  obtained  the  more  it  will 
tend  to  be  consumed  and  the  greater  the  tendency  for  the 
national  income  to  increase.  (3)  The  fact  that  there  exists 
a  large,  varied,  and  growing  demand  for  electric  power 
from  the  mains  of  public  electric  supply  authorities  is  a 
proof  of  its  cheapness  when  so  supplied  as  compared 
with  other  forms  of  power  production.  (-\)  Public  electric 
power  supply  authorities  who  are  able  to  generate  and 
supply  power  cheaply  and  to  supply  power  economically 
in  its  cheapest  form  are  therefore  of  national  utility. 
{5)  Unreasonable  hindrances  to  the  supply  of  cheap 
electric  power  to  desirable  consumers  are  against  the 
national  interests.    (6)   The   unreasonable   withholding  or 


obstruction   of  rights-of-way  for   electric  mains  is  a  hin-  Mr. 
drance  to  power    supply,   and   in  that  this  action  either     '"^"'y- 
results  in  an  increased  cost  of  connection — which  means 
decreased   economy,   or   delay  in    supply — which   means 
decreased  consumption  of  power — is  against  the  national 
interests. 

The  owner  and  occupier  of  the  land  by  granting 
a  right-of-way  are  entitled  to  receive  between  them  : 
(i)  Compensation  for  their  inability  to  put  the  land  occu- 
pied by  electric  mains  to  the  use  it  was  put  to  before 
occupation.  In  practice  this  compensation  can  be  split 
up  into  :  (a)  loss  of  profit  on  agricultural  produce  due  to 
(i)  reduction  of  area  of  cultivation,  (ii)  increased  cost  of 
cultivation  due  to  obstructions  ;  {b)  or,  if  the  owner  reduces 
the  rent  to  cover  (a),  loss  of  rental  value  of  land  due  to 
inability  to  cultivate  and  increased  cost  of  cultivation ; 
(c)  damages  to  crops,  fences,  roads,  etc.,  during  the  con- 
struction period  and  from  maintenance.  (2)  An  acknow- 
ledgment of  the  owner's  right  to  the  land  —  a  nominal 
sum.  In  addition  there  is  an  extra  which  is  "  extra-legal," 
and  which  might  be  called  "an  acknowledgment  of 
utility,"  the  argument  for  which  is  as  follows  :  It  is  as  well 
to  remember  that  from  the  landlord's  point  of  view  he 
has  as  much  right  to  expect  to  make  money  out  of  a 
demand  for  wayleaves  as  he  would  from  a  demand  for 
building  sites,  or  a  demand  for  mining  rights.  The 
national  utility  argument  can  be  made  to  hold  in  these 
cases  as  well  as  in  the  case  for  wayleaves  for  mains.  It 
is  therefore  advisable  to  recognize  the  very  human  wish 
to  profit  by  a  lucky  windfall  and  to  express  a  willingness 
to  pay  both  the  landlord  and  tenant  more  than  they  are 
actually  out-of-pocket.  This  extra  sum  might  be  called 
"  acknowledgment  of  utility "  as  it  is  really  money 
awarded  to  people  in  acknowledgment  of  their  willing- 
ness to  be  of  public  service.  This  fee  if  recognized  by 
the  supply  authorities  would  speed  up  the  workings  of  any 
State  machinery  that  they  m.ay  be  allowed  to  operate.  I 
should  say  therefore  that  the  rates  for  items  (i)  and  (2) 
should  be  settled  by  the  State  as  suggested  by  the  author. 
The  amount  of  "  acknowledgment  of  utility,"  however, 
should  be  fi.xed  by  the  electric  supply  authority  itself, 
should  be  a  standard  throughout  its  area,  and  should  be 
publicly  known. 

The  author  has  mentioned  the  probable  state  of  affairs 
after  the  War:  the  need  for  the  very  maximum  of  manu- 
facturing output  combined  witli  the  strictest  economy  in 
capital.  Economy  in  capital  as  applied  to  e.\tensions  to 
the  distribution  of  electric  power  must  mea'n  a  laroe 
increase  in  overhead  electric  mains,  many  of  which 
will  be  run  at  higher  pressures  than  generally  obtain  at 
present,  and  this  brings  us  to  the  second  argument  in 
favour  of  compulsory  w.ayleaves,  namelv,  tlie  assthetic. 
It  is  not  within  the  province  of  engineering  to  aim  directly 
at  satibfying  that  vague  and  indeliiiable  sense  generally 
known  as  beauty,  but  engineers  in  their  structures  should 
endeavour  to  combine  sound  pliysical  engineering  with 
an  appearance  of  neatness  and  fitness.  The  natural 
function  of  a  pole  line  is  to  connect  two  distant  points 
electrically  by  the  shortest  possible  route.  Pole  lines 
should  therefore  be  dead  straight  if  they  are  to  possess 
the  property  of  fitness.  If  they  deviate  from  the  straight 
they  should  do  so  only  to  get  round  an  obstruction  which 
obviously  obstructs.     A  road  or  a  footpath  should  not  be 
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II,  CO!!  t'  to  a  pole  line.     If  wc  imist  have 

*»'»S'^        p,  .  ,c   sake  of   tlic   appearance  of   the 

ct  .imi    for    I  he   xslhetic    devflopnicnl   of    the 

na: ;  :iiust  be  itraighl  and  continuous.     The  only 

way  to  ensure  straightncss  is  to  get  compulsory  rights-of- 
way.  We  suffer  motor-cars  and  level-crossings  on  our 
rojids  because  wc  realize  the  importance  of  easy  means 
of  transport  to  the  welf.ire  of  the  nation.  The  recog- 
nition of  the  equal  national  importance  of  cheap  power 
>hould  prevent  many  of  the  short-sightcti  l)indr:inces  to 
proper  f.icilities  for  electrical  distribution  wliieh  obtain 
loo  much  .It  the  present  time. 
Mr  rxiiii.  Mr.  J.  R.  Beakd  :  Although  the  instances  of  obstruction 
quoted  by  the  .luthor  are  in  themselves  sufficient  justifica- 
tion for  his  recommendations,  it  m.-iy  still  further  strengthen 
his  ca^c  if  I  refer  to  some  additional  instances  which  I  have 
come  across.  In  the  first  of  these  it  was  desired  to  dupli- 
cate the  supply  to  an  important  industrial  area  and  the  only 
ccono:nically  possible  way  of  doing  this  was  by  means  of 
an  overhead  line  .icross  country.  The  most  direct  route 
pa  -;!i  tlie  centre  of  a  narrow  est.itc  some  five 

miii  ul  the  owner  absolutely  refused  to  consider 

a  waylcavc,  even  for  a  single  pole,  and  declined  even  to 
discuss  his  objections  or  means  for  meeting  them.  There 
could  not  be  even  the  usual  excuse  that  it  spoilt  the 
"amenities"  of  his  estate  or  the  view  from  his  house,  as  he 
did  not  live  on  the  e>tatc,  which  consisted  of  ordinary 
agricultural  and  pasture  land  in  an  uninteresting  district 
where  the  tenants  would  have  raised  no  objection.  As  a 
result  the  line  li.id  to  be  diverted  some  three  miles.  This 
diversion  caused  further  delay,  since  tlie  line  had  then  to 
cross  an  estate  whose  owner  was  temporarily  in  New 
Zealand.  The  dcLiys  in  communicating  witli  him  and 
settling  terms,  added  to  the  previous  delay,  resulted  in 
over  a  year  p.aS'.ing  before  any  work  could  be  commenced. 
In  the  lattci  instance  the  owner  was  not  in  any  way  at  fault, 
but  there  should  be  some  procedure  wliich  would  enable 
an  arrangement  to  be  come  to  with  the  agent  of  an  absent 
o»-ncr  in  a  rcason.ible  time.  This  would  be  quite  possible 
if  the  owner  had  no  ab>ulutc  veto.  Passing  from  particul.ir 
insLinccs  to  a  more  gcncr.il  one,  it  may  be  of  iiitere>t  to 
note  that  when  the  first  extensive  high-pressure  distribu- 
tion system  in  this  country  w.is  being  designed  (that  in  the 
county  of  Durham)  the  most  .suitable  voltage  was  about 
40.UOO.  and  .tt  the  time -some  11  or  12  yc.irs  ago— such  a 
v<.I;  ible  on  underground  cables.   Owing 

lo  il  was  found  impossible  to  install  a 

Ci.  1,  and  hence  a  voltage  of  20,o,X) 

w.i  ;;me  this  was  considered  a  very 

bold  step  for  undcrgioiind  cable  work  and  there  is  no 
d<>iil>!  •!>  •!  •!  was  the  maximum  wliich  it  would  have  been 
wi  •  tliat  stage  of  development.    However,  as  the 

»c)i«.iiK  II. I ^  grown  it  has  become  evident  tli.it  the  volLagc 
i%  loo  low  for  the  most  economical  supply  of  such  an  arc.i, 
an'  is   solely   due   to  the  w.iyleave 

(p:  I  Would  like  il  emphasized  that 

u  .  illy  as  iiiiport.iiit 

a  I  In-  a  sinpiise  to 

II.  lo  le.itn  how  I'  -  cible  have 

1)1  -.  n.i-i  iii.il  cli  ,.,    .      .  _.iuse  they  can 

l«  le  winding  lane^,  whereas 

II.  It  I'  .ii>.i  would  have  meant  eiidlcH^ 

di  over  w-iylcavcH.     I  should  like  the 


author  to  define  if  possible  the  v.irious  degrees  of  owner-  Mr.  B<;> 
ship  of  land  which  cm  exist.  Is  the  landowner  really  the 
absolute  monarch  wc  are  all  brought  up  to  think  him  or 
Iws  he  his  limitations  ?  I  should  also  be  interested  to  know 
whether  any  previous  .itlcmpt  has  been  made,  either  in 
power  company  Bills  or  otherwise  to  restrict  his  absolute 
veto  as  regards  wayleavcs.  Incidentally  in  connection 
with  the  second  par.igraph  in  the  right-hand  column  on 
page  331,  I  should  like  to  ask  why  the  local  authorities 
have  been  given  the  powers  they  refer  to  ;  il  is  obvious 
that  they  should  not  usurp  functions  which  belong  to  the 
Board  of  Trade,  but  I  assume  that  since  they  have  certain 
powers  they  must  have  been  given  them  for  a  purpose. 
From  the  discussion  before  the  Institution,  in  London 
(p.age  346)  it  seems  evident  that  engineers  are  already 
agreed  that  some  modification  is  necessary  to  the  existing 
law  on  wayleaves.  Our  most  important  duty  .at  the  moment 
is  therefore  to  convince  the  non-engineering  public  of  the 
justice  of  our  case.  From  this  point  of  view  I  think  in  all 
our  discussions  it  should  be  made  clear  that  such  additional 
powers  would  have  a  tendency  to  lessen  the  effect  of 
an  overhead  line  on  the  amenities  of  a  district.  An 
overhe.ad  line  with  carefully  levelled  and  properly  ver- 
tical poles  running  across  country  in  a  straight  line 
is  not  a  distasteful  sight ;  but  under  present  conditions 
routes  are  f.ar  from  straight  ;  in  fact,  I  have  heard 
them  aptly  described  as  a  number  of  dogs'  hind  legs  in 
series.  Such  a  zig-zag  line  is  certainly  not  beautiful,  and 
the  twists  and  turns  mean  frequent  guys  and  tend  to  pull 
the  poles  out  of  the  vertical.  Further,  long  straight  runs 
would  enable  longer  spans  to  be  used,  which  would  not 
only  provide  an  opportunity  of  cheapening  the  construc- 
tion but  would  add  to  tlie  appearance.  Another  important 
thing  is  to  bring  home  to  the  general  public  that  adilitional 
powers  are  not  asked  for  in  the  name  of  private  under- 
takings but  by  undertakings  working  under  special  parlia- 
mentary powers  and  with  their  public  nature  recognized, 
either  bv  .actual  public  control  as  in  the  case  of  municipali- 
ties, or  else  by  restrictions  as  to  the  rates  of  dividend  and 
as  to  the  m.aximum  price  which  can  be  charged.  It  should 
become  the  regular  custom  to  use  the  expressive  American 
phr.ise,  "  public  utility  undertakings,"  and  I  would  suggest 
for  instance  that  in  the  case  of  companies  of  this  type 
the  share  quotations  should  all  be  grouped  under  such  a 
heading  as  "  public  utility  companies."  A  further  point 
which  should  alw.iys  be  borne  in  mind  when  considering 
the  desir.ibility  of  powers  for  live  compulsory  acquisi- 
tion of  w.iyleaves  is  that  due  lo  the  enormous  w.asic  of 
wealth  during  the  War  il  is  more  than  ever  inipnrtanl 
to  do  evcrylliing  to  conserve  our  capital  resources.  If  a 
supply  undertaking  is  prep.ired  to  p.iy  a  rental  or  a  way- 
leave  it  follows  that  the  cipital  v.ilue  of  Ihe  land  over 
which  the  waylcavc  is  required  has  been  increased  due  to 
the  fact  that  it  has  been  found  desir.ible  lo  cvry  electric 
mains  across  it.  If  permission  for  such  a  w.ayleave  can  l>c 
refused  the  enhanced  cipilal  value  of  the  land  is  wasted 
and  in  addition  the  undei  takings  have  to  beat  the  increased 
capital  expenditure  cnlaiknl  by  a  diversion  of  the  route, 
wliich  expenditure  is  from  the  national  point  of  view  quite 
uimniiinerative. 

Mr.    H.    BKIIK.KS  {romiiuiiiiiiil(il) :  There   is   no   doubt  Mr  llr.i 
that  the  Acts  and  Kcgul.itioiis  governing  llic  tlistiibiition 
of  electrical  power  were  drafted   with  a  certain  amount 
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r.  Kiidjscs.  of  caution,  because  to  some  extent  electrical  power  was 
then  an  unknown  quantity  ;  but  that  time  has  passed, 
and  the  present  is  the  time  for  action,  and  not  for  the 
adoption  or  retention  of  cautious  measures.  The  idea 
of  running  overhead  transmission  lines  and  underground 
cables  across  country  for  long  distances  is  comparatively 
new,  but  the  transmission  and  distribution  of  electrical 
power  by  these  means  is  essential  to  economical  industrial 
development,  and,  as  the  author  points  out,  the  time  has 
arrived  when  serious  consideration  must  be  given  by 
our  legislators  to  assist  in  removing  all  obstacles  in  the 
way  of  the  wheel  of  progress.  The  parties  to  whom 
appeals  are  made  for  consents  and  wayleaves  must  be 
brought  to  realize  that  their  first  duty  is  not  to  put  the 
brake  on  the  wheel  of  progress  but  to  accelerate  its 
motion.  I  fully  agree  with  the  author  that  a  time  limit 
should  be  determined  in  the  matter  of  obtaining  consents, 
and  this  limit  should  be  as  short  as  possible  ;  as  one 
month  is  considered  sufficient  for  the  laying  of  cables 
in  public  roads,  there  does  not  appear  to  be  any  reason 
why  this  should  be  extended  for  private  property.  This 
concession  would  be  an  immense  advantage  in  accelerat- 
ing the  distribution  of  electrical  energy.  After  the  War 
is  over,  every  effort  will  have  to  be  put  forward  to 
accelerate  the  development  of  industries  of  all  kinds, 
and  this  can  best  be  done  by  the  adoption  of  electrical 
power.  Here,  then,  is  the  necessity  for  unrestricted  dis- 
tribution on  a  large  scale  over  the  countr)'.  The  necessity 
having  arisen,  the  present  obstructions  in  the  way  of 
obtaining  consents  and  wayleaves  must  be  swept  away. 
The  author  has  referred  to  tlie  fact  that  a  considerable 
number  of  individuals  and  private  and  public  bodies 
hold  tlie  view  that  company  undertakings  are  merely 
a  source  of  private  prolit  and  are  not  for  the  good  of 
the  communit3'  at  large.  If  this  view  can  be  upset  there 
is  no  doubt  that  man}-  difliculties  in  the  way  of  obtaining 
consents  and  wayleaves  will  be  removed.  I  will  instance 
a  case  of  recent  date,  where  an  overhead  line  of  many 
miles  was  required  to  he  run  in  order  to  give  a  supply 
to  an  important  munition  works.  Because  it  was  realized 
that  the  erection  of  the  line  was  of  national  importance, 
very  little  difticulty  was  experienced  in  obtaining  the 
necessary  consents  and  wayleaves.  The  question  of  rent 
is  a  very  important  one,  and  some  standard  should  be 
adopted  as  a  basis  in  order  to  create  uniformity. 
iiMii.  Mr.  O.  \V.  Hunt  {communicated)  :  The  great  objection 
to  wayleaves,  from  the  land  agent's  point  of  view,  is 
frequently  the  "  lay  out "  of  the  supply  line.  The  pro- 
moters naturally  choose  a  direct  route,  and  this  frequently 
cuts  up  the  land  in  a  very  objectionable  manner.  Poles 
fixed  in  arable  land  interfere  very  much  with  cultivation, 
and  this  appears  to  be  a  matter  of  increasing  importance 
owing  to  the  growth  of  motor  traction  and  steam  cultiva- 
tion and  possible  introduction  of  electric  power  cultiva- 
tion. The  urgent  Government  demand  for  the  ploughing 
up  of  existing  grass  makes  it  imperative  that  the  fact  of 
land  being  at  present  in  grass  must  not  be  taken  as  a 
criterion  that  it  will  not  have  to  be  dealt  with  as  arable 
land.  Even  when  pole  lines  follow  the  hedgerows,  there 
are  legitimate  objections.  I  have  not  had  experience  of 
power  mains,  but  for  telephone  purposes  the  lopping  of 
trees  is  frequently  such  as  to  render  them  absolutely 
useless   as   timber.     Personally   I   never   allow   any  trees 


to  be  touched  without  personal  sanction  or  sending  the  Mr.  Hunt, 
estate  forester  with  the  men  who  do  the  work.  I  do 
not  think  much  of  the  proposal  that  the  district  valuer 
should  fix  the  amount  of  rental,  etc.,  as  one  knows  from 
practical  experience  that  some  of  these  gentlemen  have 
not  a  sufliciently  general  knowledge  of  the  subject. 
Man)'  of  them  are  men  with  little  knowledge  of  agri- 
cultural property,  and  the  Land  Commissioners  as  at 
present  constituted  are  not  a  body  that  I  think  would 
meet  with  anything  like  general  acceptance. 

Mr.  C.  Vernier  {in  reply)  :  I  have  listened  with  much  Mr.  Vernier 
interest  to  the  discussion,  and  I  am  pleased  to  find  that  we 
have  had  the  same  unanimous  expression  of  opinion  here 
as  in  London  and  in  Yorkshire  on  the  pressing  need  for 
legislation  on  this  question.  Mr.  Clothier,  in  opening  the 
discussion,  referred  to  the  attitude  of  local  authorities  in 
dealing  with  matters  of  importance  to  the  communities 
which  they  represent,  and  it  is  true  that  they  are  in  some 
measure  handicapped  in  this  by  having  to  handle  questions 
which  they  do  not  understand.  This  does  not  prevent 
some  of  these  local  authorities,  however,  from  interfering 
in  such  matters  with  all  the  assurance  which  lack  of  under- 
standing only  too  often  commands,  and  from  declining  to 
enlist  the  assistance  of  the  Board  of  Trade,  who  does  un- 
derstand them.  Moreover,  evidences  of  a  lack  of  public 
spirit  are  unfortunatelj*  not  alwa3's  confined  to  electrical 
questions,  which  to  the  layman  always  seem  wrapped  in 
mystery,  especially  if  these  matters  should  involve  relations 
with  neighbouring  authorities. 

Mr.  Burton  lays  stress  on  the  fact  that  the  main  difficulty 
in  negotiating  wayleaves  is  that  it  is  impossible  to  bring 
pressure  to  bear  on  the  landowner.  The  President  in  the 
London  discussion  also  referred  to  this  point,  and  showed 
that  where  pressure  can  be  brouglit  to  bear  by  introducing 
questions  of  self-interest,  serious  difficulties  can  usually  be 
got  over.  Mr.  Baldwin  has  quoted  an  excellent  example 
where  the  contrarj'  obtains. 

I  support  the  suggestion  made  by  Mr.  Burton  that  the 
experts  in  the  Valuation  Department,  i.e.  the  District 
Valuers,  should  act  as  arbitrators  in  disputed  cases,  and 
I  have  alreadv  made  a  reference  to  this  and  to  the  cost 
of  Board  of  Trade  arbitrations  in  my  previous  replies.''' 

As  Mr.  Chrisp  remarks,  it  is  the  smaller  owners  who  are 
usually  the  most  troublesome,  not  only  on  account  of 
delays  but  also  owing  to  their  exorbitant  demands.  I 
am  not  sure  how  far  the  ccfnsiderations  put  forward  by 
Mr.  F.  O.  Hunt,  on  the  question  of  history  repeating 
itself,  and  by  Mr.  TurnbuU,  may  weigh  with  landowners, 
but  they  are  not  entirely  ignored  by  some,  although  unfor- 
tunately very  few  of  the  more  enlightened  of  the  larger 
landowners  and  their  agents,  if  only  to  the  extent  of  per- 
ceiving that  the  introduction  of  electric  power  in  a  district 
is  beneficial  to  the  development  of  that  district,  and  even- 
tually to  themselves.  Having  said  this,  it  is  also  necessary 
to  add  that  they  do  not  carry  their  conviction  to  the  point 
of  allowing  undertakers  to  mortgage  the  future  by  quoting 
them  low  rents.  The  smaller  landowner,  because  his  estate 
is  small,  has  not  the  same  incentive  of  personal  interest, 
and  may  (as  he  thinks)  reasonably  argue  that  if  there  is 
any  advantage  likely  to  accrue  in  this  way  in  the  immediate 
neighbourhood,  it  is  his  neighbour,  the  large  landowner, 
who  will  chiefly  benefit.  But,  more  often  than  not,  such 
•  .l/i(e,'pa};c  360. 
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a  (liought  never  occurs  to  him,  and  Ihe  applicant  who 
niadc  such  a  suggestion  u-ould  usually  be  met  with 
derision. 

The  steadily  increasing;  cost  of  waylcave  rents  has  also 
heen  dwelt  upon  by  Mr.  Clirisp  who.  like  myself,  is  some- 
what apprcheii>.ivc  of  the  hmits  to  which  Ihey  m.iy  s<>ar 
with  the  excuse  of  the  pi-rmancnt  incre.ise  of  taxition  and 
high  prices  of  all  commodities,  which  will  remain  with  u> 
for  many  years  after  the  W.ir.  As  he  has  indicated,  it 
only  needs  one  sufficiently  ob>tmate  landowner  on  a  route 
to  cause  a  general  increase  of  waylcave  rents  all  round, 
and  the  process  can  of  course  be  pursued  arf  infinitum. 

Mr.  Baldwin  has  shown  by  his  single  example  of  the 
ndiculous  conditions  a  particular  landowner  was  able  to 
impose,  how  utterly  helpless  important  public  service 
undertakings  arc  in  a  matter  of  this  sort,  which  places 
the  squandering  and  waste  of  the  nation's  capital  re- 
sources at  the  mercy  of  the  whims  and  fancies  of  privi- 
leged persons,  whether  sane  or  bordering  on  the  insane. 

One  or  two  speakers  have  touched  upon  one  point 
which  has  brought  forth  replies  from  Messrs.  Marshall, 
Gregory,  and  H9.-ird  in  referring  to  the  unsightliness  of 
pole  lines.  Mr.  Gregory  has,  I  think,  expressed  most 
clearly  the  engineer's  and  craftsman's  view  of  what  con- 
stitutes beauty  in  this  connection,  and  these  members  have 
laid  the  blame  upon  the  difficulties  of  obtaining  straight 
runs  for  overhead  lines.  I  think  tli.it  this  accounts  for 
most  of  the  ugliness  complained  of.  There  is,  however, 
something  to  be  said  for  the  other  point  of  view,  .is  many 
of  the  owners  of  such  lines  do  not  expend  one  penny  more 
upon  them  than  will  merely  satisfy  strictly  utilitarian  pur- 
poses. Kor  example,  how  many  of  these  owners  fake  the 
trouble  to  survey  the  ground  and  grade  their  pole  lengtlis 
so  that  the  wires  do  not  have  to  follow  the  ups  and  downs 
of  Ihe  contour  of  the  ground  ?  A  line  which  not  only 
winds  about  over  the  surface  of  Ihe  ground,  but  whose 
conductors  perform  the  same  angular  di>placcmeiits  in 
the  vertical  plane,  with  poles  out  of  plumb  and  cross- 
arms  not  level,  is  admittedly  not  a  thing  of  beauty. 
If  these  be  the  lines  complained  of,  I  .igrcc,  and  I 
sometimes  wish  there  was  a  public  censor  of  pole-line 
construction  to  deal  with  them  ;  hut  if  these  rem.irks 
arc  applied  to  a  really  well-built  line,  what  we  engi- 
neers would  be  pleased  to  call  an  engineering  job,  I  must 
differ.  These  things  are  alv>  largely  a  matter  of  habit. 
I  have  no  doubt  telegraph  hnes  went  through  the  same 
criticism  in  their  early  days — and  I  particul.irly  observed 
the  criticisms  did  not  include  them — while  most  of  us 
are  aware  that  the  same  criticisms  were  levelled  at  over- 
head trolley  wires  in  many  of  our  towns,  yel  to-day  no 
one  ever  lakes  anv  notice  of  them  ;  in  fact  a  main  road 
wii  wires  would  appear  to  many  if  they  were 

»U'.  almost  bare  and  uniiitere-.tiiig.    I  agree 

Ihj  Ilk   what    I   believe  will  eventually 

pf'i-  .      •  ii.il  stage  in  the  development  of  elec- 

trical transmission,  and  hut  for  the  recognition  of  this  fad, 
I  would  have  had  no  need  to  cmpli.isizc  so  strongly  the 
necessity  for  waylcave  f.-icilities  for  underground  cables. 
T)i(  ■    '      '   ic  pcrfeclion  of  a  wclMaid  underground 

cal  .dw.iys  make  it«  adoption  attr.ictive  for 

:  1.  if  its  cost  can  Iv  afTf>r<Ied,  and  too  much 
rn.<dc  of  the  present  difhtullics  in  priKliicing 
very  hi|{li-vallagc  cables  up  lu  the  limit  likely  to  Ik  needed 


in  this  country,  difllicultics  which  I  do  not  think  arc  in-  Mr.Vcm 
soluble.  I  am  not  going  to  predict  how  long  this  transi- 
tional stage  is  likely  to  last ;  all  I  can  safely  say  is  that  the 
appalling  cost  of  the  present  \V.-ir  is  likely  to  prolong  it  for 
very  many  years  longer  than  otherwise.  This  is  l>ecause 
electric  supply  undertakings,  like  other  similar  under- 
takings, vi/.  gas,  water,  etc.,  obviously  require  a  very 
large  initi.al  expenditure  of  capital  in  order  to  cslablish 
their  works,  but  are  also  subject  to  the  economic  condition 
of  increasing  returns  or  diminishing  costs.  I'nless,  there- 
fore, capital  can  be  cheaply  obtained,  or  alternatively  more 
economically  used,  as  by  providing  practically  the  same 
service  with  an  overhead  line  costing  only  alxiut  one-half  of 
an  underground  cable,  the  undertaking  cannot  fairlv  get  past 
the  initi.ll  stages  of  its  development,  because  it  can  never 
raise  sulTicient  further  capital  on  good  terms  to  enable  that 
stage  of  its  development  to  be  reached  when  increasing 
returns  l>ecome  app.arent.  We  have  but  to  look  at  the  p.ast 
history  of  many  of  our  large  power  companies  to  appre- 
ciate liow  this  has  been  their  main  diflTiculty,  accentu.aled 
as  it  was  by  their  exclusion  from  the  large  centies  of  popu- 
lation. It  isonly  increasing  returns,  in  other  words  a  well- 
established  and  prosfierous  business,  th.at  will  enable  our 
undei  takings  to  go  in  extensively  for  the  more  expensive 
underground  cable  construction. 

Messrs.  Marshall  and  Heard  have  given  examples  which 
go  to  emphasize  still  further  the  great  need  for  putting 
this  question  of  wayleavcs  on  a  s;itisfactory  basis  from 
the  national  point  of  view.  It  cannot  by  any  stretch 
of  imagination  be  maintained  that  for  an  individual  to 
cause  a  sum  of  ;f  12,000  to  be  expended'  unnecessarily,  or 
the  compulsory  adoption  of  an  uneconomical  voltage  of 
Iransmission,  is  njatterless  from  the  point  of  view  of  the 
national  interest.  The  annual  interest  on  the  alx)ve 
£\2,nyo  must  remain  at  the  caprice  of  this  individual  as 
a  permanent  charge  on  all  the  consumers  of  that  under- 
taking, and  this  is  only  one  ex.imple.  Fuither,  what  is  still 
more  important,  it  might  for  all  Ihe  remedy  Ihe  supply 
undertakers  h.ad  at  hand,  have  deprived  those  consumers 
of  a  supply  altogether  by  making  the  scheme  financially 
impossible.  Mr.  Heard's  ex.imple  is  e<)ually  to  be  deplored, 
for  all  the  consumers  over  pr.icticallv  a  whole  county  must 
suffer  the  loss  of  economy  which  has  resulted  from  the 
adoption  of  loo  low  a  pressure,  a  loss  which  must  l>c 
measured  not  merely  by  loss  of  efficiency  in  (listribulion, 
but  by  the  very  much  grciter  capital  expenditure  neces- 
s;try  to  provide  further  supplies  as  the  lo.ads  increase 
beyond  the  capacity  of  the  present  main  cables. 

Mr.  Heard  h.as  asked  how  far  the  landowner  is  absolute 
mon.arch,  or  if  he  has  limiLitions  to  his  right  of  ownership. 
In  a  m,-itter  of  this  importance,  which  lies  at  the  root  of 
the  whole  discussion,  I  think  I  cannot  do  better  than  quote 
aiilhorilies,  as  under  the  doctrine  of  individu.ilism  which 
prevailed  from  the  beginning  of  the  list  centurv  up  to  the 
outbreak  of  Ihe  War  Ihe  right  of  private  properly,  and  the 
right  of  its  possessor  to  do  as  he  likes  with  it,  have  come 
to  be  commonly  regarded  .is  well-nigh  inviolable.  I  (here- 
fore  give  the  legal,  clhictl,  and  economic  views  on  this 
question. 

l-tfial  Vint.* — "  It  miy  not  l»c  amiss  to  point  out  one  or 

•  "The  l-and  I.a«-«."  bv  l-rr.lrri>. k  PoILkU  (RI.  Himi.  Sir  Fintcriik 
IVillix'k).  Cornus  Cliiisll  f«n.(r«»..r  <>l  Jiirlnpruilm. ,  ,ii  (i»(.,i.|  iMi- 
lifof,  p.  tl  (MacmllUii  ft  Oi.,  18N}). 
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ir.  Vernier,  two  of  the  general  features  in  which  the  legal  conception 
of  ownership  and  rights  over  land  are  at  variance  with  the 
popular  ones.  It  is  commonly  supposed  that  land  belongs  to 
its  owner  in  the  same  sense  as  money  or  a  watch.  This  has 
not  been  the  theory  of  PZnglish  law  since  the  Norman  Con- 
quest, nor  has  it  been  so  in  its  full  significance  at  any  time. 

"  No  absolute  ownership  of  land  is  recognized  by  our  law 
books,  except  in  the  Crown.  All  lands  arc  supposed  to  be 
held,  immediately  or  mediately  of  the  Crown,  though  no 
rent  or  services  may  be  payable,  and  no  grant  from  the 
Crown  be  on  record.  On  the  otiier  hand,  the  law  is  equally 
far  from  countenancing  the  belief  that  there  is  land  which 
belongs  to  nobody,  and  is  free  to  all  the  world.  Some  such 
belief  is  probably  held  by  most  people  wlio  are  not  lawyers. 
But  in  England,  it  is  not  legally  possible.  Land  may  be 
subject  to  public  rights  of  way,  rights  of  common  and  to  a 
great  variety  of  private  rights.  It  ma}'  be  worthless  for  all 
purposes  except  those  of  recreation,  and  the  owner  may  be 
undiscoverablc.  But  an  owner  there  must  be  somewhere  ; 
the  Crown  in  the  last  resort  if  no  other  is  forthcoming." 

Ethical  view.-' — -"As  it  (the  State)  sometimes  usurps  or 
delegates  to  private  activities  forms  of  business  that  may 
be  carried  on  by  individuals,  so  its  legal  status  is  that  of  a 
single  subject  among  other  individuals  or  corporate  sub- 
jects. At  times  it  has  to  protect  its  own  rights  .against  those 
of  others  ;  and  at  times  it  must  yield  when  the  legal  order 
which  it  has  establislied  recogni/.es  the  rights  of  individuals 
as  superior  to  its  own.  From  this  relation  of  the  State  to 
individual  citizens  is  derived  its  further  relationship  to 
private  property.  It  is  not  merely  the  first  of  property 
holders,  but  it  has  a  power  of  far  greater  importance — that 
of  regulating  all  property  relations  and  in  so  far  as  they  are 
in  accord  with  the  order  it  has  established  protecting  them. 
In  so  doing  the  State  assumes  sovereignty  over  all  property. 
It  asserts  this  right  with  especial  force  by  claiming,  where- 
ever  it  deems  such  a  proceeding  essential  for  the  interests 
of  society,  the  privilege  of  appropriating  property  itself. 
Thus  the  right  of  expropriation,  which  belongs  directly  to 
no  corporation  but  the  State,  is  a  plain  intimation  to  the 
individual  that  with  all  his  earnings  and  possessions,  he  is 
working  in  the  service  of  the  whole." 

Economic  view.\ — "If  then  social  utility  is  the  real  justi- 
fication of  private  property,  it  is  clear  that  the  extent  of 
private  property  rights  must  find  its  limits  in  social  con- 
siderations. The  right  of  private  property  is  a  privilege 
conferred  upon  individuals  by  society.  It  is  recognized 
as  beneficial  in  general  because  of  tlie  consensus  of  opinion 
that  in  the  main  better  economic  results  can  be  secured  by 
the  application  of  the  principle  of  self  interest.  In  the 
present  stage  of  the  evolution  of  human  nature,  private 
property  constitutes  the  chief  incentive  to  better  and 
greater  production.  The  test,  therefore,  is  always  the 
social  test. 

"  In  certain  cases  where  tlie  results  of  private  property 
are  clearly  opposed  to  the  social  interests,  society  is  justified 
in  restricting  the  extent  of  the  property  right.  Thus,  the 
private  ownership  of  patents  and  copyriglit,  which  is 
everywhere  limited  to  a  term  of  j-ears,  thereafter  lapsing  in 
favour  of  society  at  large. 

•  "  Ethics,"  by  Prof.  W.  Wundt,  p.  259  (Sw.-in  Sonnenschein  &  Co., 

IQOI). 

t  Paraphrased  from  "  Principles  of  Economics,"  bv  Professor  E.  K. 
Seligman,  Columbia  Universitv,  pp.  134  et  seq.  (Longmans,  Green  &  Co., 
1916). 


"  Property  rights  may  be  classified  under  several  heads,  Mr.  Vernie 
but  the  only  one  with  which  we  are  chiefly  concerned  is 
the  '  right  of  use.'  This  not  absolute.  As  against  the 
doctrine  of  '  vested  rights '  the  theory  of  '  eminent  domain  ' 
is  a  form  of  social  control  which  operates  in  favour  of  the 
principle  of  public  utility.  Apart  from  this,  the  individual 
right  is  subject  to  social  restrictions,  e.g.  a  man  may  not 
use  his  property  so  as  to  create  a  nuisance  to  his  neighbour. 
Economic  progress  is  bound  up  with  the  institution  of 
private  property,  and  yet  society  is  asserting  a  claim  to  be 
heard  in  its  control  and  disposition.  We  are  beginning  to 
realize  the  duties  as  well  as  the  rights  of  wealth. 

"  This  moral  obligation  is  based  upon  the  sound  econo- 
mic conception  of  social  utility  as  at  once  the  justification 
and  tlie  limitation  of  private  property." 

Mr.  Beard  further  asks  why  the  local  authorities  h.ave 
been  given  the  powers  referred  to  in  the  paper  and  whether 
any  previous  attempt  has  been  made  to  restrict  their  abso- 
lute veto.  I  have  gone  to  some  trouble  to  elucidate  the 
first  of  these  points,  but  without  much  positive  success. 
Mr.  Chamen  in  his  communication  to  the  London  dis- 
cussion (page  351)  says  that  it  is  unreasonable  to  suppose 
that  it  was  the  deliberate  intention  of  Parliament  that  the 
local  authorities  should  h.ave  such  powers.  I  am  inclined 
to  think  myself  that  the  wording  of  Section  10  (b)  of  the 
Schedule  to  the  E^lcctric  Lighting  (Clauses)  Act  1899,  was 
deliberate,  and  it  appears  to  mo  that  what  led  up  to  it  was 
the  erection  of  some  100  miles  of  2,000-volt  overhead 
mains  over  the  house-tops  in  the  Bond-street  area  of 
London  during  the  middle  eighties — what  is  known  as  the 
Grosvenor  Gallery  installation — which  made  the  Board  of 
Trade  and  the  local  authorities  apprehensive  that  similar 
networks  might  spread  in  towns  all  over  the  country.*  The 
fact  that  the  1899  clause  lays  such  stress  on  the  consent  of  the 
local  authority  and  of  the  Board  of  Trade  being  neccss.ary 
"  except  within  premises  in  the  sole  occupation  or  control 
of  the  undertakers  "  would  seem  to  support  tliis  view,  and 
doubtless  the  possibilities  of  overhead  transmission  were 
not  at  that  time  fully  appreciated. 

The  report  and  minutes  of  the  proceedings  of  the  In^ti- 
tution  Committee  on  Electrical  Legislation,  referred  to  by 
Mr.  Woodhouse  (page  347)  in  the  London  discussion,  do 
not  throw  very  much  light  on  lliis  point.  This  Committee 
sat  in  1902  or  within  a  very  few  years  of  the  enactment  of 
the  Electric  Lighting  (Clauses)  Act  1899,  but  at  that  time, 
although  a  great  deal  of  discussion  f  took  place  on  the 
question  of  overhead  wires,  the  criticism  is  chiefly  directed 
at  the  Board  of  Trade,  which  was  alleged  to  be  opposed  to 
the  use  of  overhead  wires  altogether. 

There  is,  however,  a  reply  in  Colonel  Crompton's 
evidence  J  which  brings  in  the  local  authorities  as 
follows  : — 

"  I  am  not  blaming  the  Board  of  Trade  at  that  time 
(1882  onwards).  Itwas  the  local  authorities  who  then  more 
than  anybody  else  stopped  the  overhead  wires.  It  was 
tlie  local  authorities  who  brouglit  pressure  on  the  Board 
of  Trade.     I   was  not   in  the  secrets  of  the   Board  of 

*  There  are  good  reasons  why  a  local  authority  should  have  the 
right  to  object  to  overhead  wires  in  towns,  which  is  why  I  have 
excluded  such  wires  from  the  scope  of  the  paper  (p.  329). 

f  See  Questions  Nos.  loi  to  103,  139  to  143,  156,  163  to  164,  182  to 
1 88,  210  to  216,  279  to  286. 

J   Question  No.  i88,  p.  41. 
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Trnrlc  nl  «lic  linuv  nnd  may  not  be  correct,  but  I  always 
un  '        local  authorities  as  niucli  as  tlic 

Hi  .  :i  prcVL-nteil  overlicail  wires  hein;j 

put  up  anywhere. ' 

The  last  four  words  arc  si)>iiilicanl,  ;is  it  Section   14  of 
the  Klectric  Lighting  Act   iSSj  only  applied  to  overhead 
wires  along  or  across  streets,  the  licard  of  Trade  and  the 
local  authorities  could  not  have  prevented  overhead  wires 
anywhere  before  the  i8(/>  Act.     I  infer  from  this  that  on 
account  o(  the  ambiguity  of  Section  14  of  the  Klectric  Liglit- 
iMC  Act  1S82  the  Itoard  of  Tr.atle  took  the  view  that  this 
'  in  fact  prohibit  overhe.id  wires  anywhere  without 
it  of   the  loc.il  authority,  and,  while   statutory 
:  <  may  have  taken  a  contrary  view,  they  could  not 
i  ;  the  f.-icc  of  the  opposition  of  the  Board  of  Trade. 

Non-statutory  undertakers  —  to  which  the  Clrosvcnor 
Gallery  installation  belonged — could  not  be  interfered 
with  at  the  time,  but  when  the  Klectric  Lighting  Act  of 
18KK  was  pass'.d.  Clause  4  was  promptly  inserted  to  deal 
with  the  silu.ili(j|i  which  had  arisen.  While  these  explan- 
.iliciiis  appear  to  me  to  be  logical  deductions  from  the 
i.ii-ts,  I  do  not  cKaiin  more  than  this  ;  for,  as  will  be  seen 
lioin  Colonel  Cromplon's  reply,  the  whole  subject  was 
obscure,  even  as  far  back  as  15  years  ago. 

In  reply  to  the  second  part  of  the  question  put  by  Mr. 
Heard,  I  have  not  seen  the  minutes  of  tlie  evidence  given 
tx-fore  Lord  Cro.-s's  Committee  in  iS<>8,  but  1  have  no 
il  ,1'!  efforts  were  then  made  to  limit  the  local  autho- 
:  -  power  of  absolute  veto,  and  as  I  have  already 
s!.iU(|,  tliis  right  of  absolute  veto  was  shortly  afterw.irds 
wiliidrawn  from  a  rural  district  council  in  I'ower  Com- 
panies Acts.- 

Mr.  Marshall  has  made  an  excellent  suggestion  that 
I'arliamcnt  should  fix  the  price  of  w.iylcaves  on  a  scale 
b.ised  upon  the  rental  received  for  the  land,  and  he  gives 
(lel.iils  of  such  a  scheme  which  has  been  adopted  by  one 
of  the  large  land-owning  trusts.  Assuming  that  the  scale 
he  mentions  includes  the  compens-ilion  to  the  tenant  as 
\vi  II  as  to  the  landowner,  I  cm  only  s,iy  that  if  all  land- 
owners |rK>ked  at  the  matter  in  the  light  of  this  trust,  and 
on  such  a  reasonable  and  fair  basis,  supply  undertakers 
would  liavc  no  ciuse  for  complaint.  I  would  suggest  that' 
for  underground  cables  a  figure  not  exceeding  one-half  of 
that  given  for  overhead  mains  would  be  ample.  The 
difTicultv  I  apprelicn<I  would  be  in  getting  such  a  simple 

•'■d  in  an  Act.     It  has  never 
t  In  lay  down  hard-and-f.ast 

■  lal  .igreements  between 
,                           .'  ry  to  settle  disputes  in 

com:  of  need.     Is  it  not  also  a  little  Utopian  to  expect  an 

.«,.■,,, I, i>-  so  Largely  composed  of  members  of   the  legal 

1    to    paw    IcgislatioiT,   doing    aw.iy   with    legal 

lU.lI,  ...  jij^     (lij.    Ijjjj,  > 

I  Mr.    Cireuorv    has    recapitulated    the 

'•  use  of  clec- 
t  <-  well  known, 

■  s,   tliey    have    scarcely 
.:  „   .ceriiig   circle*,   and  one 

i  vain  in  even  tome  very  modern 

■  i«-  oroicv     Mr.  firegory  ha»  alM  set 

out  very  conci««ly  the  fundamental  clcmcnl»  which  must 

*  •«"<'.  !««•  557. 


govern  compensation,  to  which  he  adds  a  suggestion  that  Mr.  Vormci 
supply  authorities  should  voluntarily  make  an  extra  pay- 
ment  not    strictly   demanded   by  the  legal  requirements 
of    the    case,   which    he    calls  "  an    .icknowledgmcnt   of 
utility." 

Mr.  M.arshall  also  appears  to  suggest  some  such  p.-iyment 
when  he  says  that  the  landowner  is  certainlv  entitled  to 
some  consideration  for  the  use  which  is  made  of  his 
property.  So  long  as  it  is  understoad  that  this  pavment  is 
in  the  nature  of  an  "extra  legal"  payment,  for  which  the 
supply  authorities  should  receive  full  credit,  I  think  the 
suggestion  is  a  very  good  one,  and  would  .assist  in  smoothing 
the  w.iy  for  the  undertakers.  This  would  necessitate  that 
the  compensation  allowed  to  a  landowner  for  the  use  of  his 
land — which  usually  would  be  purely  nominal — should  be 
dis-associated  entirely  from  any  inflation  on  account  of  the 
land  being  utilized  compulsorily.  There  is  no  .additional 
compensation  recognized  in  our  legislation  for  the  f.acl 
that  land  is  taken  compulsorily.  .\  pr.actice  has,  however, 
grown  lip  among  arbitrators  in  compensation  cases  under 
the  L.ands  Clauses  Acts  of  allowing  a  further  10  per  cent 
on  the  purchase  money,  which  is  prob.ibly  with  some  such 
intention.  In  some  recent  .Vets,-  however,  the  arbitrator 
is  expressly  forbidden  to  make  any  .additional  allowance 
on  .account  of  the  purchase  being  coinpulsoiy.  Because 
the  landowner's  dannge  is  purely  nomin.al  and  provided  it 
is  assessed  at  its  proper  value,  I  think  that  supply  autho- 
rities would  be  quite  willing,  and  even  anxious  in  their 
own  interest,  to  make  this  "extra  legal"  payment. 

I  welcome  Mr.  O.  \V.  Hunt's  remarks  giving  the  land- 
.agent's  point  of  view.  The  statement  also  midc  by 
Mr.  F.  O.  Hunt  that  poles  in  arable  liclds  seriously  inter- 
fere with  cultivation,  is  commonly  advanced,  and  .as  matters 
would  not  usually  be  forwarded  by  s.aying  the  things  which 
are  in  one's  mind  while  such  one-sided  negotiations  .are  in 
progress,  I  gl.adly  take  this  opportunity  of  giving  them 
here.  If  there  is  one  circumstance  when  this  argument 
is  used  which  is  calculated  to  provoke,  it  is  when  a  land- 
owner or  his  agent  who  h.as  quoted  a  rental  for  poles  in 
his  fields  which  would  go  a  long  way  to  rent  whole  fields, 
arable  or  otherwise,  calmly  says  when  going  over  the 
route  :  "  This  is  an  .arable  field,  and  I  cannot  have  any 
poles  in  this  field."  He  then  suggests  that  the  line  should 
be  erected  to  a  chequcr-bo.ird  pattern,  or  th.it  the  poles  be 
placed  in  the  hedges,  irrespective  of  the  length  of  spans, 
one  of  which,  for  instance,  might  be  a  quarter  of  a  mile 
long,  followed  by  one  of  only  50  yards.  Sags,  pole 
lengths,  stresses,  etc.,  do  not  trouble  him,  because  he 
does  not  understand  them.  At  such  a  time  it  is  very 
necessary  to  enlist  one's  best  powers  of  diplomacy,  per- 
su.asion,  and  tact,  in  order  to  secure  a  line  which  satisfies 
somewhat  the  sense  of  "fitness  "and  avoids  the  freakish 
so  well  commented  on  by  Mr.  (Iregory.  That  poles  are  an 
obstruction  and  ciuse  inconvenience  and  some  increase  in 
the  cost  of  working  arable  land  is  cle.iily  admitted,  and 
throughout  this  paper  and  the  discussion  upon  it  the 
need  for  a  full  compensation  to  the  party  who  sulTers 
these  things  has  plainly  iKen  insisted  on.  In  this  matter, 
I  think  wc  have  shown  a  greater  sense  of  justice  than 
»ome  of  the  landowners  Ihemsclves,  who,  while  recog- 
nizing and  laying  gre.it  stress  upon  the  inconvenience  and 

•  H<ni>in|<  anil  T"wri  I'liiniiint;,  »lc..  Act  1>»"«|  (Kinl  Scliolulc, 
par.  }).     Ilimting  ul  tlic  Working  Cla*itc>  Act  llh^),  Sccdun  41  {la}. 
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loss,  do   not   hesitalc  to   treat   the   tenant  farmer  in   the 
manner  frequently  co;nplained  of  by  them  to  Mr.  Elder. 

Not  the  least  of  the  advantages  of  an  Act  dealing  with 
compulsory  wayleaves  would  be  to  put  a  matter  of  this 
sort  upon  a  proper  basis  of  justice  and  equity.  Such 
difficulties  mainly  arise  because  of  the  extraordinarily 
exaggerated  value  placed  upon  the  land  by  its  owner, 
and  I  think  it  will  be  well  in  order  to  form  some  idea 
how  far  the  landowner's  complaint  is  well  founded,  if  we 
get  down  to  actual  figures. 

An  up-to-date  heavy  power  line  is  usually  carried  on  A 
or  H  poles  measuring  4  ft.  6  in.  across  the  legs  at  the 
ground-line,  and  these  poles  are  usually  spaced  80  yards 
apart.  If  we  allow  that  a  diamond-shaped  piece  of  land 
8  ft.  across  at  the  pole  and  18  ft.  long  in  the  direction 
of  the  line  is  put  out  of  cultivation  with  horse  ploughing, 
this  is  a  much  more  liberal  allowance  than  I  have  found 
farmers  voluntarily  leave  uncultivated  around  such  poles. 
The  area  of  tliis  piece  of  land  is  8  square  yards,  and 
as  the  poles  are  80  yards  apart,  exactly  one  acre  of  arable 
land  is  put  out  of  cultivation  on  a  route  of  27^  miles  of 
line,  assuming  the  land  to  be  wholly  arable.  We  could 
fairly  assume  that  at  least  half  the  land  would  be  pasture — 
it  is  nearer  to  60  per  cent  of  the  whole  area  under  crops 
and  grass  for  the  whole  couutrs' — so  that  this  length  could 
easily  be  increased  some  two  or  three  times,  i.e.  up  to 
between  55  and  82  miles  of  line  per  acre.  But  even  if  we 
neglect  this  assumption,  the  value  of  the  arable  land  put 
out  of  cultivation  on  the  basis  of  its  rental  at,  say,  ^£'3  per 
acre  does  not  exceed  as.  2d.  per  mile  of  route,  or  only 
roughly  one-half  to  one-third  of  this  if  we  allow  for  pasture, 
while  if  we  allowed  for  heath  and  moorland  as  well  the 
figure  would  be  still  smaller.  With  tractor  ploughs  it  is  cer- 
tain that  tlie  amount  of  land  that  will  remain  uncultivated 
will  be  considerably  increased,  but  even  if  we  quadruple 
it,  the  figures  still  remain  absolutely  insignificant. 

Some  landowner  may  say  that  the  rental  of  the  land  is 
not  at  all  a  proper  basis  to  take  in  a  matter  of  this  sort,  and 
tliat  what  we  ought  to  take  is  the  value  of  the  crops  which 
might  be  raised  upon  this  land.  I  may  say  that  this  is  no 
fanciful  suggestion  ;  it  has  actually  been  put  forward 
seriously  by  a  farmer.  Leaving  aside  the  point  that  if 
the  land  is  uncultivated,  at  least  no  hand  labour,  manure, 
or  seed  is  expended  upon  it,  it  would  have  been  a  very 
good  crop  (except  potatoes)  that  would  in  pre-War  times 
have  realized  £S  per  acre.  At  this  figure,  what  does 
the  loss  of  crop  amount  to  ?  Not  quite  5s.  lod.  per 
mile  of  route  for  horse  ploughing,  or  23s.  4d.  per  mile 
of  route  if  we  assume  that  tractor  ploughing  leaves  four 
times  the  amount  of  land,  viz.  32  square  yards  per  pole 
uncultivated,  and  also  that  the  whole  of  tlie  land  along 
the  route  is  arable.  These  figures,  I  think,  are  quite 
sufficient  to  indicate  that  the  value  of  the  laud  or  crops 
which  is  lost  owing  to  inabilit}'  to  cultivate  the  land  as 


if  the  poles  were  not  there,  is  so  small  that  the  land-  Mr.Vernie 
owner's  objection  cannot  seriously  be  substantiated.  This 
loss,  in  any  case,  falls  upon  the  undertakers,  as  also  all 
damage  arising  from  the  existence  of  the  line  however  it 
may  arise.  There  only  remains,  therefore,  the  question  of  in- 
convenience in  working,  but  as  this  depends  almost  entirely 
on  the  amount  of  land  left  uncultivated  around  the  poles,  it 
really  comes  down  to  a  question  of  the  value  of  this  land, 
which  I  have  shown  to  be  scarcely  worth  discussing. 

Mr.  Trotter  remarked  in  his  contribution  to  the  London 
discussion  (page  472)  that  the  inconvenience  to  a  house- 
holder of  a  pole  planted  in  the  footway  immediately 
opposite  his  front  door  is  not  to  be  estimated  by  the 
sectional  area  of  the  obstacle.  Granted,  but  that  is  not  the 
whole  point,  as  the  householder  has  to  suffer  the  inconveni- 
ence whether  he  likes  it  or  not  (and  that  too  in  this  case 
without  compensation)  if  the  pole  is  placed  there  by  a 
statutory  authority  whose  powers  have  been  granted  in  the 
public  interest  and  because  the  public  interest  comes  first. 
Mr.  Gregory  mentioned  railway  level-crossings.  Here, 
again,  all  users  of  tlie  road  suffer  inconvenience  from  the 
existence  of  gates  across  the  highway,  because  it  is  in  the 
public  interest  that  railway  facilities  should  be  provided. 
Must  we  then  consider  landowners  and  farmers  to  be 
sucli  a  privileged  section  of  the  community  that  their 
convenience  must  come  even  before  the  public  and  national 
interest  ?  It  is  only  tiie  reverence  enshrouding  everything 
connected  with  the  ownership  of  land  which  enables  land- 
owners to  put  forward  such  claims  with  some  show  of 
reason.  They  will  doubtless  henceforth,  in  view  of  the 
greater  necessity  for  increased  food  production,  cry  out 
against  the  loss  to  the  country  in  putting  arable  land  out 
of  cultivation  ;  whereas  in  fact  the  loss  to  cultivation  of 
only  some  400  acres  out  of  a  total  of  some  11  million 
acres  of  arable  land  would  be  sufficient  to  enable  any- 
thing from  10,000  to  30,000  miles  of  overhead  lines  to  be 
erected  with  incalculable  benefit  to  the  industries  of  the 
country,  including  agriculture  itself,  and  to  the  health, 
wealth,  and  strength  of  the  community. 

The  further  question  of  tree  cutting  mentioned  by 
Mr.  O.  W.  Hunt  is  not  one  that  need  cause  any  anxiety 
to  the  landowner  or  his  agent,  whose  assistance  in  sending 
experienced  foresters  to  do  the  work  is  usually  very  much 
appreciated  ;  but  with  power  lines  it  is  not  so  much  a 
question  of  lopping  trees  as  of  cutting  them  down  alto- 
gether in  order  to  provide  for  the  safety  of  the  line  and  of 
the  public.  While  landowners  frequently  raise  objections 
to  the  removal  of  trees,  farmers,  on  the  contrary,  often 
welcome  it.  It  is  indeed  not  without  interest  at  times  to 
find  the  farmer's  opinion  and  that  of  the  land-agent,  who 
claims  to  be  safeguarding  tlie  farmer's  interest,  in  conflict. 
I  have  on  occasion  seen  a  land-agent  objecting  most 
strenuously  to  poles  in  arable  fields  to  wliich  the  tenant 
farmer  who  was  present  raised  no  objection  whatever. 


Mr. 
\V.>odhou=e. 


Yorkshire   Loc.\l  Section,   25  April,  1917. 


Mr.  W.  B.  WooDHOUSE  :  To  supplement  the  remarks 
which  I  made  in  the  discussion  of  this  paper  before  the 
Institution  (page  347)  I  should  like  to  say  that  in  addition 
to  the  compulsory  povi'ers  which  the  Post  Oflice  have  for 
wayleaves,  the  Postmaster-General  has  obtained  in  the 
majority   of   Traniw.a)'   Acts   of   recent  years  compulsory 


powers   to   fix   his   wires   to   the   tramway   standards    on  Mr. 
reasonable  terms.    Those  powers  must  be  very  valuable  '^v°'^''°' 
in  narrow  streets,  and  in  some  cases  must  be  essential. 
There  is  another  case  where  apparently  powers  are  neces- 
sary, and  that  is — this  relates  rather  particularly  to  under- 
ground  mains — in   the   case   of   streets   dedicated   to  the 
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Mr  piiMic  but  not  taken  over.     In  recent  years  a  very  large 

w<K.ibcuu  „,„„i^.r  of  Gas  Acts  have  contained  a  provision  that  in  any 
street  laid  out  and  dedicated  lo  the  public,  and  not  taken 
over  by  the  local  authority,  the  undertakers  may  lay  gas 
pipes  to  supply  the  houses  in  that  street.  That  is  a  valuable 
power,  and  I  think  a  very  ncccss.vy  one. 
Mr.  Mr.  T.  B.  Johnson  :  I  think  that  tlic  .author  might  make 

''  a   very  strong  claim  indeed  on  one  ground  which  is  not 

mentioned  in  the  paper,  namely,  the  great  improvement 
in  the  atmosphere  by  a  more  exJensivc  use  of  electrical 
power.  Those  who  knew  Tyneside  20  ye.irs  ago,  and  who 
saw  it  after  the  group  of  electric.il  power  companies  had 
been  at  work  there  for  several  ycirs,  could  not  fail  to 
notice  the  immense  improvement  in  the  atmosphere,  and 
consequently  in  the  conditions  of  living.  If  wc  can  get 
the  public  well  acquainted  with  the  idea  that  the  smoke 
and  fogs  with  which  we  are  so  famili.ir  in  the  West  Riding 
can  l>e  largely  done  away  with  by  the  extension  of  elec- 
trical power,  I  think  we  shall  have  gone  a  long  w.iy  towards 
getting  them  to  accept  some  such  proposals  as  the  author 
suggests.  It  is  time  the  public  recognized  that  electrical 
power  has  become  a  national  necessity  and  that  private 
individu.-ils— or  perhaps  I  should  say  "  the  rights  of  private 
profMrrty  " — cannot  longer  be  allowed  to  stand  in  the  way 
of  its  development.  The  author  rightly  points  out  that  it 
will  l>e  necessary  to  get  the  approval  of  the  Hoard  of  Trade 
to  the  proposals  ;  this  would  be  very  valuable  because  it 
would  to  a  great  extent  meet  the  objection  thai  the  f.icili- 
lies  are  wanted  for  private  companies  engaged  in  making 
dividends.  The  fact  that  they  h.id  to  go  to  the  Ho.ird  of 
Trade  would  generally  prevent  supply  comp.-inics  from 
making  unreasonable  demands.  This  provision  also  meets 
another  objection  to  the  author's  argument,  that  a  definite 
consent  must  be  given  within  one  month.  It  seems  rather 
hard  sometimes  to  insist  uj-Kin  a  detinile  reply  within  a 
month  in  the  cases  of  small  public  bodies  the  members 
of  which  may  live  in  scillered  localities,  and  wliere  the 
consent  would  have  to  be  given  by,  say,  the  surveyor,  or 
the  surveyor  in  consultation  with  the  clerk,  or  possibly  the 
chairman.  If,  however,  the  companies  showed  any  dis- 
position to  use  that  power  arbitrarily  or  unreasonably  the 
lioard  of  Trade  would  be  able  to  say  that  in  certain  cases 
a  months  notice  was  really  loo  short,  and  that  it  need  not 
Ik-  adhered  to.  On  the  other  hand  the  colliery  companies 
also  should  learn  that  they  must  not  run  their  machinery 
to  lhe%'ery  l.ist  gasp  and  then  expect  an  electrical  authority 
JO  miles  away  to  help  tlum  out  within  a  month.  I  am 
particularly  glad  tli.it  the  author  proposes  a  tribunal  upon 
which  there  should  l)e  no  Liwycrs.  Time  and  money 
would  thereby  be  »ave<l  to  a  very  considerable  extent. 
The  question  whether  an  electrical  p<iwcr  company  should 
lun  niaiUN  across  private  land  ought  lo  Ik-  able  to  be  settled 
without  covlly  li.iincd  talkers.  Thetribiiii.il  in  fixing  Ihe 
amouiil  to  Ih:  paid  for  c<>mpeii->alioii  would  picMimablv 
consider  any  damage  to  the  appcar.ince  of  an  estate, 
though  that  is  not  specifically  mentioned.  The  know- 
ledge that  compiilwry  powers  existed  would  ni.ike  such 
p<^iwcr«  unncceswy  except  in  special  casi-s.  It  is  too 
carlv  I"  de*cttl>c  the  effect*  of  the  recent  Post  Ollicc  Act 
!  anv  lrg.il  case*.  We  have  not  yet  had 
'  null,  bill  we  unqiieslioiiably  have  had 
•  demancK  were  disposed  of  with 
'    Ihr   other  side  leariu-d  Ih.il  the 


new   Act    had    been   passed.      They  hesitated   to  go  into  Mr 
Court  and  make  public  the  terms  that  they  h.id  required  '"'""*""■ 
for  facilities  which  they  thought  were  valuable  to  us  but 
which  really  cost  them  nothing.    I  have  no  doubt  a  similar 
experience  will  be  the  lot  of  electrical  power  companies 
if  similar  pow-ers  are  obt.aincd. 

Mr.  W.  H.  Brown  :  The  author  refers  on  page  330  to  Mr.  Dtown 
the  legal  rights  of  a  local  authority  in  reg.ird  to  the  roads 
and  the  erection  of  wires  over  them  ;  I  should  be  glad  if 
he  would  e.vplain  the  position  in  reg.ird  to  private  sup- 
pliers. As  1  understand  the  matter,  if  a  person  owns 
property  on  both  sides  of  a  public  road,  or  if  one  person 
desires  to  supply  another  on  the  opposite  side  of  a  road, 
it  can  rightly  be  done  provided  that  the  Hoard  of  Trade 
regulations  are  complied  with,  that  the  freehold  of  the  land 
on  which  the  ro.id  is  made  docs  not  belong  to  the  local 
authoritv,  and  that  the  supply  is  not  run  as  the  m.ijor  por- 
tion of  Ihe  business  of  the  supplier.  I  understand  that  the 
instances  in  this  country  where  the  local  authority  owns 
the  freehold  of  the  roads  .ire  exceedingly  few.  How  docs 
the  erection  of  tramway  and  telephone  wires  aflecl  the 
private  owners'  rights,  if  they  .ire  as  mentioned  ?  The 
necessity  and  granting  of  wayleavcs  and  consents  is  of 
much  interest  and  importance  to  prospective  consumers, 
and  from  conversations  with  landowners  and  factory  pro- 
prietors in  various  p.irts  of  the  country.  I  do  not  think  it  is 
yet  realized  how  great  the  advantages  are.  and  w-hat  bene- 
fils  may  be  derived  from  a  power  line  and  supply  Could 
anvlhing  be  done  in  the  way  of  addressing  Chambers  of 
Commerce  and  similar  instilutions,  in  order  to  show  the 
advantages  arising  from  the  granting  of  privileges  in  the 
direction  required  ?  From  my  own  experience  I  am 
of  the  opinion  that  there  is  room  for  some  missionary 
work,  and  I  feel  that  if  the  m.-ittcr  could  be  plainly  set  out, 
there  are  many  instances  where  a  landowner  would  con- 
sider it  his  duty — even  if  he  felt  he  was  not  sul'iiciently 
insisting  on  his  righls^to  allow  cables  lo  go  .across  his 
properly  with  a  minimum  of  .icknowledgment  and  an 
absence  of  irksome  conditions.  One  thing  which  I  think 
is  at  times  in  the  mind  of  the  landowner  is,  that  whilst  he 
m.iy  grant  facilities  for  a  power  line,  no  portion  of  the 
prolit  which  arises — or  should  arise — from  the  tr.msiiction 
finds  its  way  into  his  pocket,  the  supply  authority  and  the 
consumer  sharing  this  between  them— .at  least  I  hope  so. 
If  this  point  is  of  any  moment,  it  emphasizes  the  need  for 
a  truly  national  power  supply— possibly  a  nuMlilication  of 
the  telephone  system.  I  do  not  think  thai  the  consumer 
troubles  much  as  lo  the  particular  system  or  power  house 
from  which  he  is  supplied  ;  price  and  a  constant  v..ll.igc 
are  usually  the  two  lliings  .about  which  he  concerns 
himself. 

Mr.  W.  \.\s>. :  It  seems  lo  me  that  those  who  have  h.->d  Mi.  Ung. 
to  deal  with  the  cases  described  in  Ihe  paper  have  Ix-cn 
imbued  with  their  own  importance  and  with  Ihe  imiwr- 
tance  of  the  necessity  for  electrical  power  supply  instead 
of  considering  Ihe  question  from  Ihe  standfxiinl  of  the 
man  who  owns  the  rights  of  the  land,  t'nless  we  divest 
ourselves  of  Ihe  feeling  that  such  owneis  must  give  way, 
then  I  am  certain  we  shall  always  have  trouble  in  en- 
deavouring lo  obtain  waylcaves.  If  we  take  for  instance 
the  case  on  p.ige  331  where  a  local  authority  was  ap- 
pro.-iche(l  lo  grant  w.ivleaves.  whenever  the  question  of 
the   saving   lo   Ihr   supply   compaiiv  w.as   mentioned   Ihe 
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r.  Lang,  interview  was  brought  to  a  close.  It  appears  to  me  that 
those  who  wish  to  obtain  wayleaves  must  be  instructed 
how  to  go  about  it.  The  paper  certainly  seems  to  show 
that  the  method  of  obtaining  wayleaves  has  been  rather 
haphazard.  Apparently  no  very  distinctive  method  has 
been  adopted  of  educating  those  men  how  to  obtain  way- 
leaves.  I  believe  it  to  be  within  the  experience  of  all  who 
have  had  this  to  do,  that  some  men  will  be  successful  in  a 
very  great  degree  as  compared  with  others.  Now  I  do 
not  think  for  a  moment  it  is  because  they  are  abler  men  ; 
it  is  simply  because  they  are  capable  of  dealing  with  the 
human  element  that  they  are  up  against.  It  is  not  a  tech- 
nical question  at  all,  but  simply  one  of  dealing  with  or- 
dinary human  greed,  shall  I  call  it,  or  the  desire  to  make 
the  best  of  business.  At  the  same  time  I  think  the  neces- 
sity of  obtaining  compulsory  powers  has  been  forced  upon 
the  electrical  industry.  I  am  entirely  in  agreement  with 
the  tone  of  the  paper.  It  is  very  fair  indeed.  The  author 
does  not  look  upon  it  from  the  standpoint  that  everybody 
should  stand  on  one  side  or  allow  us  to  get  wayleaves  just 
as  we  have  a  mind  to.  He  wants  to  be  fair  to  the  owner 
of  the  land.  At  the  same  time  he  want<  that  owner  to  be 
reasonable.  The  fact  that  the  Post  Office  authorities  only 
last  year  got  further  compulsory  powers  is  to  my  mind  a 
wonderful  example  of  even  a  most  powerful  body  having 
to  seek  such  powers.  And  the  way  in  which  the  Institu- 
tion has  now  taken  up  this  subject,  and  through  Mr. 
Vernier  has  made  it  public  to  its  members,  I  think  will 
enhance  the  reputation  of  the  Institution  in  the  opinion  of 
each  member,  because  it  will  show  them  what  an  amount 
of  interest  the  Institution  is,  as  a  body,  taking  in  nialters  of 
vital  interest  to  the  industry. 

•.  waiiis.  Mr.  E.  C.  Wallis  :  The  point  that  impressed  me  first  in 
connection  with  the  paper  was  that  all  methods  of  civiliza- 
tion have  had  to  meet  with  these  same  difficulties  in  miking 
headway.  We  know  that  in  the  making  of  canals,  rail- 
ways, and  various  other  methods  of  progress  difficulties 
have  been  experienced  which  seemed  almost  insuperable. 
Nowhere  are  the  rights  of  the  private  owner  more  con- 
sidered than  in  the  United  Kingdom,  but  at  the  s.ime  time 
civilization  cannot  go  forward  if  those  rights  are  the  sole 
consideration.  That  those  rights  should  be  absolute  is  un- 
thinkable. On  the  other  hand  that  there  should  be  com- 
plete freedom  of  wajdeave  is  also  unthinkable.  We  must 
look  forward  to  a  mean  between  those  extremes  ;  because  if 
unlimited  leave  were  given  we  should  have  our  country  spoilt 
as  some  parts  of  Canada  have  been  spoilt  by  the  erection 
of  overhead  lines  for  power,  lighting,  etc.  Compulsory 
powers  under  proper  restrictions  ought  to  be  granted. 
The  public  convenience  will  be  greatly  restricted  if  that 
is  not  done.  These  new  developments  were  not  thouglit 
of  50  years  ago.  They  have  materialized  and  seem 
to  be  absolutely  necessary  for  the  progress  of  civiliza- 
tion, and  there  is  no  doubt  that  other  developments  will 
follow. 

.Vernier.  Mr.  C.  Verxier  (in  reply)  :  Many  of  the  points  raised 
have  already  been  considered  in  my  previous  replies,*  to 
which  I  would  refer  contributors  to  this  discussion.  Mr. 
Woodhouse  mentions  the  compulsory  powers  which  have 
been  conferred  upon  the  Postmaster-General  to  enable 
him  to  run  his  wires  on  tramway  standards.  It  may  be  of 
interest  to  add  that  the  Postmaster-General  has  further  the 
•  Anle,  pages  355,  473,  and  4S1. 


right  to  a  perpetual  (but  not  a  free)  wayleave  over  the  whole  Mr.  v«rni 
system  of  a  large  number  of  railway  companies  whose 
public  telegraph  business  was  purchased  by  the  State  in 
186S,*  and  also  over  the  whole  system  of  certain  canal 
companies,!  and  can  claim  free  wayleaves  for  his  works 
over  a  number  of  other  railways  sanctioned  in  1877  I  and 
over  all  undertakings  sanctioned  by  Act  ^f  ParHament 
subsequent  to  the  ist  January,  1878,  of  the  following 
character,  viz.  railways,  canals,  tramways  (but  not  street 
tramways),  highways,  bridges,  railway  and  river  embank- 
ments, subways,  aqueducts  over  or  across  a  river,  dock, 
harbour,  or  pier.§  He  may  also  by  agreement  with  the 
undertakers,  lay  telegraph  cables  in  the  trenches  opened 
for  the  purpose  of  laying  electric  mains,  i 

It  is  very  pleasing  to  learn  from  Mr.  Johnson,  who  con- 
firms Sir  William  Slingo's  and  Mr.  Stubbs'  statements  in 
the  discussion  before  the  Institution  (page  346),  that  the 
Post  Office  have  already  experienced  great  benefit  from 
the  Act  of  1916,  and  that  so  far  there  has  been  no  need  to 
resort  to  the  Courts.  It  is  further  very  encouraging  to 
find  that  property  owners  who  made  unreasonable 
demands  did  not  dare  to  make  public  the  terms  they 
demanded.  It  is  well  to  point  out,  however,  that  the  same 
publicity  does  not  appertain  to  an  arbitration  as  in  a  police 
or  county  court,  which  is  the  tribunal  to  whom  the  Post 
Office  must  carry  its  appeal  in  the  first  instance. 

Mr.  Brown  refers  to  the  position  of  non-statutory  under- 
takers in  the  matter  of  the  erection  of  wires  across  roads 
and  streets.  I  have  already  dealt  with  this  question  at 
length  in  my  reply  to  the  discussion  before  the  Institution, 
hut  there  are  other  points  upon  v;hich  Mr.  Brown  would  like 
information.  The  instances  where  the  local  authority 
owns  the  freehold  of  the  roads,  as  he  points  out,  are  few, 
and  these  cases  are  mostly  confined  to  roads  that  belonged 
to  private  turnpike  authorities  which  were  bought  out  by 
a  local  authority.  In  the  case  of  other  roads  dedicated  to 
public  use,  repairable  by  the  inhabitants  at  large,  the  local 
authority,  as  a  general  rule,  only  has  the  right  of  user.  In 
reply  to  the  questions  as  to  how  tramway  and  telephone 
wires  affect  the  owner's  rights  in  the  conditions  mentioned, 
this  will  depend  to  some  extent  upon  whether  the  owner's 
wires  are  erected  before  or  after  the  other  works.  So  long 
as  the  owner's  wires  are  erected  at  a  sufficient  height  so  as 
not  to  interfere  with  the  subsequent  erection  of  tramwajf 
wires,  i.e.  w^ith  the  ordinary  user  of  the  street  or  road,  the 
owner's  wires  cannot  be  interfered  with  by  the  tramway 
authority.  I  am  also  of  the  opinion  that  the  tramway 
authority  would  be  liable  for  the  cost  of  providing  what- 
ever guarding  and  protection  is  necessary  because  of  the 
existence  of  the  private  owner's  wires  if  these  were 
erected  first. 

In  the  case  of  telephone  wires  erected  under  statutory 
powers,  which  in  these  days  all  come  under  the  Postmaster- 
General,  the  great  charter  which  brings  all  non-statutory 
undertakers  or  private  owners  within  the  mesh  is  Section  4 
of  the  Electric  Lighting  Act  1888.  This  enables  the 
Postmaster-General  to  serve  a  notice  upon  the  private 
owner  calling  upon  him  to  discontinue  his  supply  if  his 
works    are    injuriously  affected  thereby,   and,   secondly, 

*  Telegraph  Act  1S6S  :  Section 9  [6  (A)]. 

t  Ibid.,  Sections  11  and  12. 

J  Telegrapii  Act  187S  :  Scliedule. 

§  Ibid.,  Section  6. 

II  Telegrapii  Act  1892  :  Section  6. 
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enables  the  Board  of  Trade  to  make  an  order  upon  the   | 
owner  to  the  end  that  his  wnrcs  shall  only  continue  lo  be 
used  .tnce  with  such  regulations  3>  the  Board 

m.iv  cither    jjcnerally    or    on    behalf   of   the 

1  -ticncral  or  of  some  other  person  or  authority.    ' 

I  j-nvatc  owner  receives  such  a  notice,  and  as>um-    ' 

ing  the  abscise  of  bv-laws.  he  can  do  very  much  as  he 
Hkes,  but  necessarily  at  his  own  risk. 

I  quite  agree  with  Mr.  Lang  that  some  men  will  be 
much  more  successful  than  others  in  securing  wayleaves,  , 
but  I  think  this  is  due  in  a  greater  measure  to  natural  gifts 
than  as  the  result  of  instruction.  The  art  of  negotiating 
\v.i\lc.ivcs  in  the  present  conditions  is  not  in  the  least 
^  •  with  an  ordinary  commercial  tr.insaction,  and 

,,  ,;ii  to  that  of  the  diplomat,  without,  however,  the 

arbitrament  of  armed  force  in  the  last  resort  which  gives 
power  to  his  negotiations.     In  commerce,  on  the  other    | 
hand,  we  have  on  one  side  a  willing  seller,  on  the  other  a    | 
u  '  rchascr,  and  as  the  arbiter  competition,  whereas    ; 

c  negotiations  we  have  usually  an  unwilling  or 
mdiffcrent  seller,  a  willing  purchaser,  but  no 
^  11  or  anv  other  arbiter.     Such  negotiations  are 

clear IV  not  a  business  transaction  in  the  usual  sense  of 
the  term,  and  the  demand  for  compulsory  powers  in  eft'ect 
amounts  to  a  demand  for  arbitration  to  take  the  place 
of  the  usual  competition.  In  this  connection,  it  is 
worthy  of  notice  that  in  other  matters  of  public  or  social 
interest  where  competition  is  not  available  as  a  self-  | 
regulating  form  of  control  safeguarding  such  interests,  I 
the  SUle  finds  it  necessary  to  intervene  and  regulate  such 
matter'  It  k.  for  example,  nwing  lo  the  absence  of  direct 
■  ity,  g.is,  water  supply,  etc., 
,     .  .    underUkings -,  for  although 

they  arc  Mibjcct  to  some  competition  by  other  forms  of 
,.,.„.„..Hit,cs,    yet    in    their    own    sphere    they    arc    each 

A^  uiLic  IS  a  general  lack  of  information  on  the  part  of 
the  pubUc,  and  even  on   the   part  of    elcclricily  supply 
■iccrs  who  arc  not   closely  concerned   with   manage- 
on   this    qucMion   of    the    regulation  of    electricity 
;  1  ;•.    f.t:ipi:..c-  'i    needs    to    be    said   on  this 

,,,;,    j.       1  ;,,  -I  .;^    cannot    make    unlimited 

profits  or  receive  any  more  than  a  reasonable  return  on 
their  capital.  In  the  case  of  a  company  working  under 
a  Provisional  Order,  maximum  charges  arc  scheduled  in 
the  Order,  which  charges  must  not  be  exceeded,  and  can 
be  rcMNtd  bv  the  Board  of  Trade  every  5  years  on  the 
■  ■  ■  :  .lulhority,  of  the  company,  or  of 
limber  of  ccmsumers  as  the  Hoard 

\  can 
vith- 


:ii  tome  cases  in  a  much  shorter  time, 

•'  intcr\-als  ('■■'■■<'■ '      '1    '' ■  "  fore. 
prove  a  ■  'here 

i>  hlUc  dLubl  Ujal  tic  local  authoni)  w 
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its  other  remedies  a\'ail  itself  of  its  power  to  purchase  the  m. 
undertaking  at  the  lirst  opportunity. 

In  the  case  of  power  companies,  the  dividends  are 
usually  restricted  to  8  per  cent,  and  can  only  be  increased 
above  this  figure  according  to  a  prescribed  scale,  pro- 
vided that  the  average  price  cliarged  for  electrical 
energy  falls  below  the  scheduled  scale  of  maximum 
charges.  This  dividend  scale,  and  also  the  scale  of  maxi- 
mum charges,  is  subject  to  revision  by  the  iioard  of 
Trade  every  5  years  on  the  application  of  the  company, 
of  three  authorized  undertakers,  or  of  twenty  or  more  con- 
sumers, but  in  this  case  there  is  no  right  of  purchase  by 
local  authorities.  When  we  have  companies  of  this 
character  under  the  close  control  of  the  public,  and  by 
the  Slate,  it  is  not  unreasonable  to  .isk  that  they  should 
have  equal  facilities  to  a  State  undertaking,  for  this  reason, 
that  the  public  interest  demands  that  the  service  should 
be  given  in  the  best  and  freest  possible  manner,  and  at 
a  minimum  of  cost.  If  the  public  interest  suffers  because 
the  company  is  looked  upon  as  exploiting  the  public  for 
its  own  benefit,  then  it  is  fundamentally  wrong  to  put 
such  service  into  the  hands  of  a  company.  This,  how- 
ever, is  not  the  view  of  Parliament,  which  recognizes  the 
advantages  which  accrue  to  the  community  from  the 
element  of  >clf  interest  in  private  enterprise,  even  when 
so  controlled  and  limited,  and  to  which  our  electricity 
supply  industry  owes  so  much.  Yet  Parliament  only  too 
often  reflects  the  public's  distrust  of  its  power  to  exercise 
proper  control  by  withholding  facilities  from  company 
undcrUkings  which  it  would  readily  grant  to  a  State  or 
even  to  a  municipal  undertaking. 

The  su;igostion  that  this  leads  up  to  a  national  scheme  of 
elcctricitv  supply,  meaning  thereby  an  entirely  State-owned 
and  managed  undertaking,  is  one  that  will  inevitably  present 
itself  to  many.  I  myself  think  that  so  far  as  generation  and 
transmission  in  bulk  is  concerned,  we  may  see  it  come  to 
pass.  But  the  electricity  supply  industry  in  its  present 
stage  of  evolution  is  not  one  which  man>  consider  could 
be  taken  over  by  the  Stale  with  any  advanUge  to  the 
n.^tional  iiitenst.  An  industry  which  in  the  course  of  un- 
precedented invention  and  progress  has  found  it  necessary 
lo  discard  .vid  renew  its  generating  plant  at  least  twice 
wilhin  the  last  15  years,  which  in  the  same  period  has 
developed  new  problems  of  transmission  applicable  to  the 
special  conditions  in  this  country,  and  which  at  the  present 
time  foresees  important  experimental  developments  in 
high-voltage  cables  and  transmission,  coal  i  'n, 

and  recovery  of  by-products,  etc.,  is  not  one  w  Ix! 

said  to  be  ripe  for  the  conservatism  of  Slate  ownership  and 
managemcnl.  The  proposals  outlined  last  year  by  Mr. 
K    r.  Williams.*^  which  while  preserving  freedom  of  entcr- 

.  were  directed  to  the 

induslrv  on  a  national 

,  .1  much  ,  blic  .id- 

,  supply  t:  :  on  the 

I    lines  of  the  Post  Omcc  telegraph  and  lelcpUunt  sjslcnis. 
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THE    MATHEMATICAL    TREATMENT    OF    THE    MAGNETOMOTIVE 
FORCE    OF    ARMATURE    WINDINGS.*^ 

By  B.  Hague,  B.Sc. 

(Paper  first  received  8  March,  and  in  final  form  29  May,  I9I7-) 


Summary. 

The  paper  aims  at  giving  a  complete  analytical  treatment  of 
the  magnetomotive  force  produced  by  a  polyphase  armature 
winding.  The  fundamental  principles  and  the  scope  of  the 
investigation  are  enunciated  in  Section  i.  In  Section  2  the 
magnetomotive  force  of  a  winding  composed  of  full-pitch  coils 
carrying  sinusoidal  phase-currents  is  mvestigated,  and  the 
results  are  applied  to  the  case  of  a  uniformly  distributed 
winding  in  Section  3,  and  to  a  slotted  armature  in  Section  4. 

The  effect  of  the  coil-span  on  the  distribution  of  magneto- 
motive force  is  discussed  in  Section  5,  and  a  complete  generali- 
zation of  all  the  foregoing  results  for  currents  of  any  wave-form 
is  given  in  Section  6. 
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metrical polyphase  systems,  /3  =  2  tt/N. 
(it)  The  harmonics  present  in  the  M.M.F.  wave. 
(/))  The  harmonics  absent  from  the  M.M.F.  wave. 

*  The  present  paper  constitutes  part  of  an  extensive  investigation 
into  the  properties  or  armature  windings  wliich  has  been  carried  out  in 
the  Post-Graduatd  Ct)urses  at  tlie  City  and  Guilds  (Engineering)  College 
in  the  Department  of  Electrical  Engineering  under  tlie  direction  of 
Dr.  S.  P.  Smith.  Tlie  work  was  commenced  by  the  author  in  the 
session  1915-16  in  order  to  supersede  the  graphical  method  of  study- 
ing the  problem  of  the  M.M.F.  of  a  winding  by  a  purely  analytical 
process  It  was  the  object  of  the  author  to  generalize  certain  results 
relating  to  three-phase  windings  given  by  Dr.  Smith  and  Mr.  \V.  H. 
Barling  [Electrician,  1914,  vol.  74,  p.  43),  and  to  extend  the  analytical 
treatment  given  in  the  treatises  of  Arnold  and  Russell. 

The  first  and  second  parts  of  the  investigation  referred  to  have 
formed  the  subjects  of  two  papers  already  published  (S.  P.  SMITH  : 
Jouimil  I.E.E.,  1917,  vol.  35,  p.  iS  ;  and  B.  H.^GLE  :  Elecliician.  1917, 
vol.  78,  p.  710).  and  the  present  communication  forms  the  third  part 
and  should  be  read  in  conjunction  with  them,  since  it  is  largely  based 
on  the  results  arrived  at  therein. 
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3.  Determination  of  the  equation  to  the  M.M.F.  wave  due  to  a 
uniformly  distributed  winding  with  full-pitch  coils  carrying 
polyphase  sinusoidal  currents. 
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(i()  Hemisymmetrical  two-phase  w'inding. 

[b]  Symmetrical  three-phase  winding. 

IV.  Discussion  of  results. 

(li)  Amplitude  of  the  fundamental  and  maximum  height 
of  limiting  forms  of  the  wMve  of  magnetomotive 
force. 

(b)  Direction  of  motion  and  speed  of  harmonics. 

(i")  Theory  of  the  periodic  change  of  shape  of  the 
M.M.F.  wave. 

4.  The  effect  of  the  concentration  of  tlie  coils  in  slotted  arma- 
tures upon  the  shape  of  the  M.M.F,  wave  due  to  sinusoidal  phasc- 
ciirrciits  (full -pitch  coils). 

I.  Single-layer  windings  with  full-pitch  coiis. 

II.  Double-layer  windings  with  full-pitch  coils. 

III.  Illustrative  example. 

Three-phase  single-layer  winding  with  3  slots  per  pole 
and  phase. 
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.in  on  the  skaff  of  the  M.MJ^. 

••  /  "g  s-tfiiisoiilal  cuitiHli. 

'  oi  the  additional    harinonic->    intro- 

<:  ic  equation  to  the  wave  of  nij;;nclo- 

II;  I  a-  the  rcNult  of  altci  ing  the  coil-spaii. 

(ill  Simplifications  for  sx-mnictricil  polj-phase  s>-sirtn<i, 

>j  =  2  ■■  X. 
(hi  Simplifications    for     hcmis)miiietucal     polypha&e 

s>-stcins,  ^  =  iriS. 

II.  Delcrminntinn   of  c^   and   C   for    unifonnly    distributed 

w 

lil.    Dc;i  of  i'^  and  C  fur  a  winding  in  which  the 

i-oils  arc  concentrated  in  slots. 
IV.  Illustrative  cximples  of  the  effect  of  altering  the  coil- 

>p.iii. 

6.   The  effect  of  tioti-itiiiiijiital  currents  on  llie  shafe  of  the 
U.U.F.  Kuit-e. 
Conclusion. 

List  of  Symbols. 

K  =  instantaneous  value  of  the  M.M.F.  at  any  pUce 

due  to  the  fundamental  current. 
'■-=  in>tant.infOus  value  of  the  M.M.F.  at  anyplace 
_  due  to  the  ii'th  harmonic  in  the  current. 

F«„  =  amplitude  of  the   phase    M.M.F.    produced    by 
fundamental  current. 
F.-.«..  =  amplitude   of   the   phase    M.M.F.    produced    by 
the  n'lh  harmonic  in  the  current. 
I  =  the  root-mcan-squarc  value  of  the  phase-current. 
K  =  0'4  r;  I  ^2. 
N  =  number  of  phase*. 
'J  =  number  of  slots  per  pole. 
T  =  period  of  fundamental  current  =  «//. 
T.-  =  period  of  n  th  current  harmonic  =  i//... 
T,  =  turns  per  coil. 
Y  5=  pole-pitch  in  cm. 

a  ^  constant  term  in  Fourier  scries  for  harmonics 
due  to  sliort  coil-span. 

a^  =  cosine  cocflicient  in  Fourier  scries  for  harmonics 
due  to  short  coil-span. 

<•,  ^sine  coellicient  in  Fourier  scries  for  harmonics 
due  to  short  coil-span. 

6.  K  Mne  coefficient  in  Fourier  seric<  for  a  w.ive  of 
phase  M.M.F.  of  unit  amplitude  due  to  full- 
pitch  coils. 

':=":•  +  *:• 

t  ^fundamental  frequency. 
/,•  =  I  'f  n'th  current  harmonic. 

/(. ••  ^  >:  a  factor  of  the  nth  harmonic  for  <f  coils 

•in  (a  n  v/2) 
VMn(n7  J) 

/,  ,  ■■  oil-'psn    Jif-lor  of  the  nth  harmonic  =  cos  n  »/j). 
I"  ■«  iluc  of  current  in  the  mth  pliasc. 

I.'  «  ■  of  n'th  harmonic  in  phasccuricnt 

wave. 
I  B  po\itivc  integer  incluMvc  of  zero. 
fN  s  the  number  of  a  phase  in  general  equation*. 
^  any  integer. 


n 
t 

</.. 
r 
I 
ti 
«' 
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«.■  = 


:  order  of  space  harmonic  in  the  M.M.F.  wave. 

order  of  h.irmonic  in  phase-current  wave. 

a  positive  integer  >  o. 

slots  per  pole  and  phase  =  Q  N. 

wound  slots  per  pole  and  phase. 
:  a  positivx  integer  inclusive  of  zero. 
;  time. 

coil-slidcs  per  slot  in  a  double-layer  winding. 

conductors  per  slot  in  a  single-layer  winding. 

linear  >pceri  of  nth  M.M.F.  h.innoiiic  around  the 
armature  periplierv. 

space  co-ordinale  mc.isured  in  cm.  round  the 
ai  mature  periphery  =  Y  S/t. 

number  of  conductors  per  pole-pitcli. 

phase  displacement  between  currents  in  succes- 
sive phases. 

angular  pliasepilch. 

angular  slot-pitch. 

angular  dcvi.ition  of  coil-span  from  a  full-pitch  of 
»•  radians. 

fraction  of  a  pole-pitch  moved  by  the  funda- 
mental of  the  M.M.F.  wave  before  any  given 
wave-shape  is  repeated. 

t.in-'(<ijft'j. 

.1  space  angle  measured  in  radians. 

the  widtli  of  a  slot  at  the  armature  periphery, 

measured  in  radians, 
angular  phase-spread, 
cpocli  of  the  n'th  current  harmonic. 

^  2  jT  f^-=ttln. 


I.  General  Introductios  and  FusDAMiiNTAL  Ideas. 

In  dealing  with  the  theory  of  alternating-current 
machinery,  the  distribution  of  the  magnetic  fuld  in  the 
air-gap  must  l)c  determined,  in  order  that  such  prolilems 
as  the  determination  of  the  shape  of  the  pressure  wave  in 
an  alternator  or  the  wave-form  of  the  magnetizing  current 
taken  by  an  induction  motor,  may  be  accurately  solved. 
It  is  the  custom  in  an  analytical  treatment  of  such  problems 
to  ULpress  the  shape  of  the  magnetic  field  wave-form  in  a 
Fourier's  scries  of  sines  and  cosines  of  a  sp.icc  angle,  and 
to  dc.il  with  the  effect  of  each  term  of  such  a  series  on  the 
phenomenon  under  consideration.  In  such  a  simple  case 
as  that  of  an  alternator  on  open  circuit  the  magnetic  field 
is  produced  entirely  by  the  difference  of  magnetic  potential 
between  the  field  system — having  salient  or  non-salient 
poles,  as  the  case  may  be — and  the  surface  of  the  anmtture 
core,  and,  under  the  assumption  that  the  air-gap  has  a 
constant  reluctance  everywhere,  the  curve  representing 
the  distribution  of  (lux  density  around  the  periphery  of  the 
machine  will  have  the  same  shape  as  that  giving  the 
magnetomotive  force  acting  at  every  point  across  the  gap. 
Under  such  conditions  the  equations  for  the  flux  density 
distributions  can  be  readily  worked  out,  and  many  arc 
to  be  found  in  l>r.  S.  I'.  Smith  and  Mr.  Houlding  s  paper  • 
on  the  shape  of  the  pressure  wave  of  an  alternator  on 
no  load. 

When,  however,  wc  turn  to  the  case  of  an  alternator 
on  load  or  on  short-circuit,!  the  magnetic  field  is  produced 

*  S.  I*.  Smith  and  K.  S  H.  lloci.iiiKCf  :  Jonttiot  I.F..E.,  1915.  \ol  S}> 
p.  »/>. 

(  A.  K.  ci.»rrox  .  /^l•^,  i9i<>.  v<ii.  n.  p.  »<. 
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by  the  resultant  at  every  point  of  the  magnetomotive 
forces  of  the  field  system  and  the  currents  in  the  armature 
winding.  Furthermore,  if  the  case  of  an  induction  motor 
on  no  load  be  considered,  the  field  is  produced  by  the 
M.M.F.  of  the  stator  winding  ;  while  on  any  state  of  load 
the  resultant  M.M.F.  of  tlie  stator  and  rotor  currents  is 
responsible  for  the  magnetic  field. 

Thus,  it  appears  that  the  determin.ition  of  the  M.Al.F. 
due  to  an  armature  winding  carrying  polyphase  currents 
must  be  made  before  the  space  distribution  of  the  mag- 
netic field  in  the  air-gap  of  an  electrical  machine  can  be 
properly  calculated.  In  the  present  paper  an  attempt 
is  made  to  set  out  in  some  detail  the  method  of  finding 
the  peripheral  distribution  of  the  M.M.F.  due  to  the 
current-carrying  coils  of  any  type  of  polyphase  winding. 
It  is  intended  in  a  future  paper  to  show  how  the  armature 
M.M.F.  can  be  superposed  on  the  M.M.F.  of  the  field 
S3'stem  of  an  alternator,  and  in  the  case  of  an  induction 
motor-"  to  point  out  how  the  resultant  of  the  stator  and 
rotor  M.M.F.  can  be  obtained.  Thence,  for  any  state  of 
load,  the  shape  of  the  curve  of  field  distribution  can  be 
found,  and  the  author  hopes  to  show  how  the  effect 
of  non-uniform  gap  reluctance  and  the  action  of  hysteresis 
and  saturation  in  the  magnetic  circuit  on  the  shape  of  the 
field  can  be  determined.  The  present  p,ipjr  is,  however, 
strictly  confined  to  the  treatment  of  the  magnetomotive 
force  of  a  polyphase  winding  by  mathematical  methods. 

The  magnetomotive  force  distribution  due  to  an 
armature  winding  has  been  treated  mathematically  by 
Dr.  Russell  f  and  E.  Arnold  |;  independently,  and  tlie 
methods  to  be  followed  in  this  paper  are  substantially 
similar  to  those  used  by  Dr.  Russell.  The  results  obtained 
are,  however,  of  greater  generality,  and  therefore  applicable 
to  a  larger  variety  of  cases. 

There  are  two  methods  of  finding  the  distribution  of 
magnetomotive  force  due  to  an  armature  winding,  which 
we  can  call  the  "Grapliical"  and  the  "Analytical" 
methods  respectively.  The  graphical  method  is  simple 
and  quick,  and  has  been  employed  throughout  this  paper 
in  making  the  diagrams,  since  it  gives  the  shape  of  the 
wave  of  M.M.F.  at  once  and  avoids  the  plotting  of  a 
Fourier's  series.  Plotting  the  wave  from  its  analytical 
series  is  a  laborious  process  and  as  a  rule  is  of  the  nature 
of  an  appro.vimation  only,  unless  the  series  be  so  rapidly 
convergent  that  only  a  few  terms  are  needed  to  give  a 
close  approach  to  the  actual  shape.  However,  in  exact 
theory  the  mathematical  expressions  for  the  quantities 
under  consideration  are  a  necessity,  and  the  present  paper 
is  largely  devoted  to  the  derivation  and  discussion  of  the 
■series  which  represents  the  wave  of  magnetomotive  force. 

(a)  Gia/^hical  melhod. — Consider  a  polyphase  winding 
whose  phases  are  carrying  currents  of  known  wave-form, 
and  let  it  be  required  to  find  the  distribution  of  magneto- 
motive force  at  an  instant  /.  From  a  wave  or  a  polar 
diagram  the  currents  in  the  conductors  of  every  phase  are 
known  in  value  and  direction.     Let  a  diagram  be  drawn 

•  A  paper  on  the  "  Air-gap  Field  of  an  Induction  Motor."  by  Dr.  F.  T. 
■Chapman,  was  published  (Electrician,  1916,  vol.  77,  p.  663)  whilst  the 
present  paper  was  in  preparation. 

-f  A.  RCSSELL  :  "  Alternating  Currents,"  vol.  3,  2nd  edition,  pp.  422- 
43.=>. 

J  E.  Arnold  :  "  Die  Wechselstromtechnik,"  1904,  vol.  3,  chap.  13, 
p.  2Q4.  See  also  H.  Weichsel.  Transactions  of  the  American  Institute 
.o/Electrical  Engineers,  1915,  vol.  34,  p.  2721  :  and  M.  B.  Field,  Electrical 
jtaicw,  1800,  vol.  44,  p.  194. 


showing  the  peripheral  distribution  of  the  armature 
conductors,  and  for  the  present  let  the  conductors  belong- 
ing to  one  phase  be  considered  alone.  The  magnitude 
and  direction  of  the  current  in  the  conductors  of  this 
phase  being  known,  let  a  curve  be  plotted  whose  abscissre 
are  centinielres  measured  around  the  periphery  and  whose 
ordinates  represent  to  Some  scale  the  number  of  ampere- 
conductors per  cm.  at  each  point.  Let  such  a  curve  be 
drawn  for  every  phase  in  the  armature,  the  graphical 
summation  of  all  the  curves  giving  what  may  be  termed 
the  peripheral  loading  curve  for  the  instant  in  question. 
If  y  denotes  the  ordinates  of  this  curve  at  .v  cm.  from  a 
chosen  origin,  we  can  write  y=/(.r)  as  the  instantaneous 
equation  to  the  loading  curve.     The  total  magnetomotive 


force  at  .v  is,  by  elementary  principles,  given  by  4 


n  \f(x)dx. 
Jo 


Now  we  shall  readily  see  that  the  peripheral  loading 
curve  consists  of  parts  of  straight  lines  parallel  to  the 
axis  of  .f,  and  so  this  integration  can  be  carried  out  with 
ease  by  means  of  the  customary  graphical  methods. 
Obviously  the  whole  construction  must  be  repeated  for 
every  instant  of  time  at  which  the  wave  of  M.M.F. 
distribution  is  required. 

(/))  Analytical  mctliod. — Although  of  great  practical  use, 
it  is  clear  that  very  little  of  the  properties  of  the  M.M.F. 
wave  could  be  inferred  from  the  graphical  process,  and 
hence  it  is  necessary  in  e.xact  theory  to  seek  for  analytical 
methods  of  procedure. 

It  will  be  obvious  that  each  phase  of  a  winding  will 
produce  a  magnetomotive  force  represented  by  the  Fourier 
series  i//  (.r)  whose  value  will  pulsate  according  to  the  law 
of  variation  of  the  current  in  the  conductors  of  the  phase. 
If  /(/)  represent  the  current  in  the  phase  considered — 
/  being  the-  Fourier  series  for  the  current  wave-form — it 
is  clear  that  the  M.M.F.  of  the  phase  is  proportional  to 
f{t)  .  \|/  [x).  Hence,  in  general,  the  analytical  equation  to 
the  shape  of  the  M.M.F.  wave  of  the  whole  winding  will  be 
given  by 


s 


f.n{l).^„.{x), 


where/,,,,  -^n,  are  the  forms  of  the  functions  for  the  )Hth 
phase,  the  summation  extending  over  the  total  number  of 
phases,  N.  The  evaluation  of  this  product  of  Fourier 
series  is  readily  carried  out  with  the  aid  of  the  usual 
summation  theorems  for  sine  and  cosine  series,  and  it  will 
be  our  object  to  develop  this  general  equation  in  the 
subsequent  sections  of  this  paper. 

2.  The  Magnetomotive  Force  DisTRinuTioN  due  to 
AX  Arm.^ture  Winding  with  Full-pitch  Coils 
CARRYING  Polyphase  Sinusoidal  Currents. 

In  this  section  we  shall  deduce  the  general  equations 
giving  at  any  instant  of  time  the  distribution  of  magneto- 
motive force  due  to  any  type  of  polyphase  armature 
winding  with  full-pitch  coils,  the  only  assumption  being 
that  the  currents  carried  thereby  are  of  sinusoidal  wave- 
form. The  problem  can  be  considered  under  the 
following  headings  : — 

I.  Deduction  of  the  equation  to  the  M.M.F.  wave. — Each 
individual  phase  of  an  annature  winding  supplied  with  a 


492 


HAGUE  :   THE    MATHEMATICAL  TREATMENT   OF 


sine  current  produces  a  magnclomotivc  force  which  is 
ill  space  with  respect  to  the  winding  and 
:i  value  as  a  sine  function  of  tlic  time,  the 
1  in  space  of  the  M.M.K.  depending  entirely  on 
■  iilion  around  the  armature  periphery  of  the 
-  forming;  the  ph.i>c  under  consideration.      The 

: >   pulsatiiij;  N[.M.K.  waves  of  tlie  individuAl  phases 

is  the  M.M.F.  of  the  winding  as  a  whole,  and  in  general 
this  resultant  magnetomotive  force  is  a  wave  moving 
around  the  periphery  of  the  armature  at  synchronous 
'  "'  shape  of  the  wave  changing  cyclicilly  during 
1.  as  we  shall  presently  see. 
NuA  Uie  sp.ice  distribution  of  the  magnetomotive  forces 
of  the  individual  phases  can  be  rc.idily  expressed  in  a 
Fourier  series  of  sines  and  cosines  of  0,  where  0  is  a  space 
angle  measured  from  a  chosen  origin  on  the  periphery 
to  any  point.  In  this  series  the  amplitudes  of  the  har- 
monics are  functions  of  the  time  and  follow  the  same 
harmonic  law  as  the  currents.  Let  us  take  the  currents  as 
v.irying  according  to  a  cosine  law,  the  phase  displacement 
between  the  currents  in  successive  phases  being  a. 
Further,   let   the   phases    be  displaced    from   each   other 


of  the  phase.  Whatever  form  the  wave  of  phase  M.M.F. 
m.iy  assume,  much  simplillcation  can  be  secured  in  express- 
ing the  wave  shapes  in  a  Fourier  scries,  by  taking  the 
origin  at  the  place  where  tlie  magnetomotive  force  of 
the  lirst  pliase  is  zero  ;  that  is  to  sav,  we  shall  always  take 
the  origin  at  tlie  midille  of  the  phase  band  of  Phase  i. 
The  series  will  then  contain  only  odd  sine  terms,  owing  to 
the  symmetry  of  the  wave  about  the  »,'2  ordinate,  and 
cosine  terms  will  be  entirely  absent.  Then  we  shall  have 
the  following  expressions  for  the  waves  of  magnetomotive 
force  distribution  of  the  individual  phases  : — 

F,  =  F„>„  cos  w  /  [/>,  sin  e  +  6,  sin  3  9  +  ...  6,  sin  n  9  +  ...] 

F„  =  F„„  cos  («  /  —  a)  [b,  sin  (0  —  /3)  -f  6,  sin  3  (9  —  fi) 

+  ...6, sin  .1(9-/3)  +...] 

F,„  =  F„.,  cos  (« /—  2 a) [ft,  sin  (9 -  2/3)  +  ft,  sin  3  (9-2/3)  . 

+  ...6.  sin  .1(9-2, 3)+...] 

and  so  on  ;  so  that  in  general  for  the  mth  phase, 

F„  =  F„^C0S  [w/  — (m  — i)a]  1 6,sin[9  — (m  — 1)/3] 

+  6,sin3[9— (»i  — l)/3]+...6.sin.;[9— (m— 1)/3]...} 


Nsuch  vectors 


N  3och  w,ives 
Kio.   I.— PuKitin^  M.M.K.  waves  produced  by  tlic  phases  of  an  N-phase  uniformly  distributed  winding  with  full-pitch  coils. 


around  the  armature  circunitiTence  by  an  angular  phase- 
pitch  /}.     'I"hen,  we  can  write  for  the  currents  : — 

(,  =  i  cos  m  /,  in  the  first  phase, 

i„  ^  i  cos  {01 1  —  a),  in  the  second  phase, 

i,„  =  I  cos  (•>  f  —  2a),  in  the  third  phase. 


and  ill  general,  t„ ^  1  cos[w  / — (m— i)a],  in  the  .nth  phase, 

where  i  is  the  in.iximum  value  attained  by  the  currents  in 

turn,  and  •.  =s  2  »/,  ^  being  the  frequency  of  the  current. 

In    Fi('.    I    th<"   piili.itiiif;  waves   of  phase  M.M.F.  of  an 

I,  and  for  sake  of  generality 

'1.     It  will  be  shown  later  that 

the   phaM    M.M.F.   of    a   uniformly   distributed    winding 

II,. %    1„    I.  •w..,,-,,!,.^    hy  a    trapezoidal    wave,    which    111 

'  rcducct  lo  one  of  the  limiting  forms 

■  .I  ^  iniiij;  .1.1:  lingular  wave  ;  whereas  in  the  case 

of  a  windini;  v,  a^c  embcdilcd  in  »lots,  the  phase 

M.M.F.  1  ^■■ppc<l  wave  composed  of  the 

nim  of  a  ;  .lit  trapc/.u,  one  (or  each  coil 


Hence  the  resultant  M.M.F.  of  the  whole  winding  at  a 
point  on  the  periphery  subtending  an  angle  0  from  the 
origin  at  the  instant  of  time  /,  is  the  sum  of  these  expres- 
sions for  the  total  of  N  pli.ases,  i.e. 

F=F«.V'  lcos[«/-(.«— i)a]  Sfr-sinn  [9—(m—i)ii]]  (i) 


In  this  equation  F„,,  is  the  amplitude  of  the  M.M.F.  of 
a  phase  ;  n  is  the  order  of  the  M.M.F.  space-harmonic  and 
is  an  odd  integer.  The  qiianlily  ft,  is  the  coefficient  of  the 
nth  harmonic  in  the  Fourier  expansion  of  a  wave  of  phase 
MM.F.  having  unit  amplitude.  The  inner  summation  — 
within  the  j  |  shapeil  brackets— is  the  usual  abbreviated 
form  for  the  F'ouricr  series  and  embraces  odd  values  only. 

It  is  convenient  to  study  (he  effect  of  the  nth  space 
harmonic  in  the  phase  M.M.F.  on  the  resultant  M.M.F. 
of  the  winding.  Hy  (his  means  we  can  examine  each 
harmonic  in  turn  .md  obtain  summations  which  .-ire  easy 
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to  perform.     Thus   the   /;th    harmonic    in    the    resultant 
M.M.F.  is  given   by 

fn  =  S 

F„  =  Fm„6„\    cos  [m/—  (m  —  i)a]  sin  ;;  [S—  (m  —  i) /3] 

tn  =  I 

=  B„\^  I  [sin  {ne  +  w  t—{m  —  i)  (11  ji -\- a)\ 

tn  =  I 

+  sin  \nd  —  w  / —  (m —  i)  (n  ji  —  a}  J, 

•where  B„  =  F„a>c  *»• 

Summing  the  series  in  the  usual  way  we  get 

I?        B„r  .     (     „,      ,     1,,.       w     ,  ,     V 1  sin  iN(;!iS+a) 
F,,=  ^|_s.n,.e  +  .M(N-:)M  +  a)}_f^-A^y 

1     •     (     ^        /     i/\T       N,    ,       s  1  sin i N (« ;3— a)"l  ,  . 
+  s.ni»9-../-^(N-i)(,.^-a)}    ,i,f^(;,,3!l„/J  (2) 

These  general  equations,  (i)  and  (2),  can  be  somewhat 
simplified  in  order  to  deal  with  practical  cases.  In  all 
practical  polyphase  armatures  the  time  angle  of  phase 
difference,  a,  between  the  currents  in  successive  phases  is 
the  same  as  the  angular  phase-pitch,  ^,  by  which  the 
phases  are  separated  from  each  other  around  the  armature 
periphery.     Thus,  inserting  a  =  /3,  we  have 

F„=^"rsin{„9  +  ..M(N-i)(„  +  i)^}''"\^^l+,? 

inj(«— 1)/3 
^^F, (4) 


+  sin{..-.M(N-:)(.-:).}ii|££^^(3) 


and 


F=\    F, 


as  the  general  equations  to  the  ;ith  space  harmonic  in  the 
M.M.F.  wave  and  the  entire  M.M.F.  wave  of  the  winding 
respectively. 

[a)  Properties  of  moving  waves. — If  a  certain  state  repre- 
sented by  the  equation  j"  =  a  sin  h  (8  +  0„)  be  moving 
with  a  constant  linear  velocity  v„  around  the  circum- 
ference of  a  circle,  the  value  of  y  at  any  instant  /  will  be 
y^a  sin  ;i  (9  +  ip„  +  w„  /),  where  i»„  is  the  angular  velocity 
corresponding  to  v„.  The  negative  sign  occurs  when  the 
motion  is  in  the  positive  direction  of  d,  namety,  counter- 
clockwise. Such  a  wave  is  known  variously  as  a  "  moving," 
"  rolating,"  or  "gliding"  wave  of  constant  type. 

Let  the  circle  around  which  such  a  wave  is  moving  be 
the  periphery  of  our  armature,  and  let  2  Y  denote  the 
fundamental  wave-length  (or  double  pole-pitch)  measured 
in  cm.  Then,  since  elir-=xjY,  where  x  is  the  distance 
around  the  periphery  subtending  the  angle  9,  we  can 
write  J' =  a  sin  H  (jT.f/Y -I- 0„  +  w,,/).  Since  the  wave  is 
progressive  it  follows  that  it  will  be  of  constant  type  if 
"•  -'^/Y  T  w/.- '  is  constant,  i.e.  if  i-,,  =  dxldt  =  +  <u„  Y/.t.  But 
the  linear  velocity  of  a  wave  is  its  wave-length  divided  by 
its  period.  The  wave-length  of  the  Hth  harmonic  being 
2  Y/;i  and  its  period  T  =  i//=  2  jt/w,  we  easily  get 
v„  =  (2  Y/n)  [w/(2  tt)]  =  M  Y/(«  tt).  Equating  the  two  values 
of  v„  gives  w„  =  uijn,  and  so  we  can  write 

y  =  a  sin  {nP^  ut  +  0',), 


as  the  equation  to  a  moving  wave  of  constant  type.  Com- 
paring this  with  Equations  (3)  and  (4)  the  following 
conclusion  is  arrived  at  : — 

The  M.M.F.  of  an  armature  winding  consists  of  the  sum 
of  a  number  of  moving  waves  of  constant  type,  the  «th 
harmonic  wave  progressing  around  the  armature  periphery 
at  i//ith  of  the  speed  of  the  fundamental  wave,  i.e.  at  ijnih. 
of  SNMichronous  speed. 

P^quation  (3)  also  shows  that  some  waves  move  in  the 
opposite  direction  to  others  ;  those  having  the  negative 
sign  before  w  moving  counter-clockwise  and  those  with 
the  positive  sign  progressing  clockwise,  0  being  taken 
positive  in  a  counter-clockwise  direction,  as  is  usual  in 
angular  measurement. 

It  is  well  known  that  the  sum  of  a  number  of  sine  waves 
of  various  wave-lengths  moving  at  devious  velocities  is  a 
wave  of  changing  shape  moving  at  an  irregular  speed. 
Hence,  the  wave  of  magnetomotive  force  due  to  a  poly- 
phase armalure  winding  carrying  sinusoidal  currents, 
moves  around  the  armature  periphery  at  an  irregular 
;  speed,  and  changes  its  shape  in  a  cyclic  manner  during 
the  motion. 

These  points  will  be  reconsidered  in  greater  detail  when 
we  come  to  deal  with  concrete  cases  in  Section  3. 

II.  Simplification  of  equation  to  M.M.F.  wave  for  sym- 
metrical polyphase  systems,  j3  —  2  tt/N.— By  a  consideration 
of  the  values  assumed  in  practice  by  /3,  Equation  (3)  can  be 
still  further  simplified.  Steinmetz  *  has  shown  that  there 
are  two  chief  classes  of  polyphase  systems  of  currents 
used  in  practice  ;  namely,  the  symmetrical  s}'stem  in 
which  IS  =  2  tt/N,  and  the  hemisymmetrical  in  which 
;8^7r/N.  We  must  therefore  show  how  these  definitions 
simplify  our  present  problem,  dealing  first  with  the  case 
of  /3  =  2  tt/N. 

(a)  The  harmonics  present  in  the  M.M.F.  wave. — Inserting 
/3  =  2  tt/N  in  Equation  (3)  several  cases  arise,  dependent  on 
the  relation  between  n  and  N.     Now  since 

|N(«±  l)  2  ;r/N  =  (n  ±  I)  TT, 

sin  ^  N  (h  ±  i)  /3  :=  sin  {n  ±  i)y  =  o, 

and  so  in  general  F„=:o.     However,  if 

(;j-|-i)/5/2  =  ^(;, +  i)2WN 

be  an  integral  multiple  of  jt  or  2  w,  the  denominator  of  the 
first  term  vanishes,  leaving  the  first  term  of  the  form  0/0, 
the  limiting  value  of  which  is  N  ;  the  second  term  still 
remains  zero.  Likewise  the  first  term  will  vanish  and  the 
second  assume  the  same  limiting  form  if 

(/!-l),3/2  =  J(«-l)2  7r/N 

be  an  integral  multiple  of  jror  2  tt.  Remembering  that  n 
is  an  odd  integer  and  can  be  written  as  n  =  2  r  +  i,  where 
;•  is  any  positive  integer  (inclusive  of  zero),  we  get  results 
which  may  be  summarized  as  follows  : — 

(a)  If  both  r  and  r  +  i  are  not  multiples  of  N  : — 

F«  =  ° (S'J) 

(b)  If  r  4-  I  =  A  N,  i.e.  »  =  2  A  N  —  i,  and  N  is   odd   or 
even  : — 

F„  =  J  N  B,  sin  (nB  +  ft)    .     .     .     .     (5/)) 

'  C.  P.  Steinmetz  :  "  Theory  and  Calculation  of  Alternating-current 
Phenomena,"  4th  edition,  pp.  ''34-^42. 
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(c)  If  rs  t  K,  i  e.  n  =  3 1 N  +  I,  and  N  is  odd  or  even  : — 

F.  =  JNB.  sin(n9  — «/)     .     .     .     .     (y) 

(d)  If  r  +  I  =  J  t  N,  i.e.  n  =  kS—  I.  and  N  is  even  :— 

F.=(— i)*'^-"tNB.,  sin  iri9  +  -/)    .    .     (5<f) 
{()  If  r  =  J  *  X,  i.e.  n  =  *  N'  +  I ,  and  \  is  even  : — 

F.  =  (— I)"''-"JXB.  sin  (nfl  — «/)    .     .     (5O 

The  quantity  *  is  any  positive  integer,  inclusive  of  zero. 

Hence  the  harmonics  present  in  the  M.M.F.  wave  of  an 
X-ph.isc  symmetrical  arm.iturc  winding  .ire  those  of  order 
s  t  N  ±  I,  when  X  is  odd,  together  witli  those  of  order 
*  X  ±  I  when  X  is  even.  All  the  existent  h.irmonics  arc 
moving  waves  of  sine  shape,  progressing  round  the 
armature  periphery  at  speeds  inver^ly  proportional  to 
their  respective  orders,  the  direction  of  motion  of  har- 
monics of  orders  *  X  +  i  and  2  *  X  +  1  being  counter- 
clockwise (0  positive),  whilst  the  *  X  —  i  and  2  *  X  —  i 
harmonics  move  in  the  reverse  sense. 

(^|  Tht  harmonics  absent  from  the  M.M.F.  ware. — It  will 
he  seen  from  Kquations  fjh)  to  (5^)  inclusive  that  the 
M.M.F.  Iiarmonics  present  arc  those  whose  orders  arc  not 
multiples  of  X.  Hence  it  follows  that  the  harmonics 
absent  from  the  M.M.F.  wave  of  an  X-phase  symmetrical 
armature  winding  are  those  whose  orders  are  odd  multiples 
of  X  (when  X  is  odd),  or  odd  multiples  of  X/2  (when  X  is 
even  and  X/2  odd).  These  arc  the  harmonics  for  which 
r  and  r  +  i  arc  not  miiltiple^of  X,and  hence  their  absence 
follows  at  once  from  Equation  t^a). 

III.  StmpUticalion  oj  eijualion  to  M.M.F.  uare  for  hemi- 
tymmttrtcal  pdyphaic  iyilems,  >1  =  w/X. — Dealing  now  with 
the  second  of  Stcinmclz's  two  cases,  put  fl  =  wjS  in 
Equation  ij{i  and  the  following  results  are  obtained  :  — 

(d  I  The  harmonici  present  in  the  M.M.F.  wave  in  this  tase. 
— Wc  shall  now  have 

JX(fi±  I)/J  =  l  X(n±i)ir/N  =  (n±i|T/2, 

and  remembering  that  n  is  odd,  and  therefore  'i  ±  i  is 
even,  we  get,  sin  J  X  (  n  ±  \^  ,i-=  >i<\  (Integral  number  of 
times  «•)  =  o,  and  so  in  general  F.  =  o. 

As  before,  we  shall  find  that  for  certain  values  of  n,  one 
or  other  of  the  two  terms  forming  Kquation  (3)  assumes 
(he  indeterminate  form  whose  limit  is  X,  the  remaining 
term  vanishing.  Using  our  previous  notation  it  is  easy  to 
pro*-c  the  results  set  out  in  the  following  summary  : — 

{a)  If  both  r  and  r  -t-  1  arc  not  multiples  of  X  : — 

F.  =0 ((ta) 

{h)  If  r  -f  I  =  Jk  X,  i.e.  II  =  2  A  X  —  I,  and  X  is  odd  or 
even  : — 

F.  — (—O'^-'-lNB.  sin  (»!«-»- uf)    .     .     (66) 

(r\  If  rs  AN.  i.e.  «  ™  2  *N  -^  i,and  X  is  odd  or  even  :— 

F.«(- i)"*-"J  XH,  sin(«0  — «0    •     •    (^xl 

H<-nc<'.  \he  harmonic*  present  in  the  M.M.F.  wave  of  an 

.il  armature  winding  are  those  of 

\  i»  fKlil  or  even.     All  the  existent 

-  arc  moving  waves  of   sine   shape,  progressing 

iiirii: lire  periphery  at  speeds  inversely  proper- 

tioi  I  live  orders,  the  direction  of  motion  of 

hail.. V.   ■■.    ..i.lcr    2 1  X -f  I    being    counter-clockwise 


(9  positive),  whilst  the  2  *  N  —  i  harmonics  move  in  the 
reverse  sense. 

In  practice  the  only  hemisymmctrical  polyphase  system 
in  general  use  is  the  two-phase  (or  as  called  in  America, 
the  "quarter-phase")  system,  and  we  shall  confine  our 
subsequent  work  on  hcmisymmetrical  windings  to  the  case 
of  the  two-phase  arrangement  alone. 

(6)  The  harmonics  absent  Irom  the  M.M.F.  uare  in  this 
case. — As  before,  our  equations  show  that  the  M.M.F. 
harmonics  present  arc  those  whose  orders  arc  not 
multiples  of  X.  Hence,  we  can  say  tti.it  the  harmonics 
absent  from  the  M.M.F.  wave  of  an  X-phase  hcmi- 
symmetrical armature  winding  are  tliosc  whose  orders  are 
odd  multiples  of  X  (when  X  is  odd),  or  odd  multiples  of 
X/2  (when  X  is  even  and  X/2  odd). 

This  statement  and  the  one  given  in  Section  II  {a)  of  the. 
present  part  of  the  paper  do  not  apply  when  X  =  i  or  2,  as 
the  following  formal  proof  will  show. 

(ii)  .V<ifi  o<lit  !«/£•,(,'(•;.— Since  we  have  to  prove  that  a  har- 
monic whose  order  is  an  odd  multiple  of  X  vanishes  from 
the  M.M.F.  wave,  write  n  =  2  r  -)-  i  =  (2/"  —  1)  X,  where 
/  is  a  positive  integer  >  o.  Then  we  shall  have 
'■=iU2/*-'>^'-']  and  r+i  =  l[{2p-i)S+  i], 
which  unless  X  is  I  are  neither  integral  multiples  of  N. 
Hence,  with  this  exception,  Equations  (5*1)  and  (6a)  show 
that  the  harmonics  corresponding  to  these  values  of  r  arc 
zero. 

(6)  S'l2  an  odd  integer. — As  before,  put 

n  =  2r+  i=[2p—  i)N/2, 

giving  r=  i  [(2p-  I)  X  -  2]  and  r+  i=J  [{2p  -  1)  N  +2], 

which,  unless  X  ^  2,  are  neither  integral  multiples  of  N. 
Hence,  with  this  exception,  the  harmonics  corresponding 
thereto  vanish,  as  Equations  (511)  and  {ba)  show. 

3.  Df.tkrminatiox    of    the   EyrATio\   to   thf.   M.M.F. 
Wave  due  to  a  Uniformly  DisTRiBfTF.D  Wishing 

WITH        FULL-rlTCH       ColLS       CARRYING        POLVPHASE 
SiNfSOIDAl,   Cl'RRKNTS. 

I  Wc  have  shown  in  the  previous  section  how  the  equation 
to  the  M.M.F.  wave  due  to  any  type  of  armature  winding 
I  carrying  sinusoidal  currents  can  be  determined,  and  have 
I  expressed  the  m.igniludc  of  each  harmonic  in^  the  wave 
in  terms  of  a  quantity,  B„  =  F„.,6,.  Xow  F„.,  is  the 
maximum  m.ignetomollvc  force  per  pole  and  phase,  and 
therefore  depends  entirely  on  tlie  number  of  conductors 
per  pliasc  and  on  the  aniphludc  of  the  ph.ise  current  ; 
6,.  on  the  other  hand,  is  entirely  dependent  on  the  manner 
in  which  the  armature  conductors  are  di-tributed  aiound 
the  periphery.  It  will  therefore  be  apparent  that  the 
distribuliun  of  the  arm.iUirc  conductor*  intisl  be  decided 
upon  before  6,  can  be  determined  and  the  results  for  the 
M.M.F.  equation  written  down. 

In  the  elementary  theory  of  electrical  machinery  it  is 
common  praclice  to  neglect  (he  cflecls  of  the  armature 
slots  and  leelh,*  and  so  in  this  section  wc  shall  assume 
that  the  armature  consists  of  a  smooth  circular  cylinder 
upon  the  surface  ol  which  the  cuiduclors  forming  the 
winding  aic  arranged.  These  conductors  are  to  be  uni- 
formly  disposed   around    the    periphery,   and   arc   to   be 

•  Tliin  ideal  ondili.m  can  tK  rcallr«d  in  practice  by  »kcwing  llic 
armature  iU»>l»  by  nnc  Rlot-pilvli. 
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strictly  contiguous,  i.e.  no  space  is  to  be  lost  bj'  insulation 
or  by  an}'  armature  teeth.  The  whole  circumference  will 
thus  be  occupied  by  active  conductors,  and  such  a  winding 
representing  the  simplest  arrangement  whicli  can  be 
considered,  will  be  called  a  "  uniformly  distributed 
winding."  The  phases  of  the  winding  will  thus  consist 
of  contiguous  current  sheets  arranged  on  the  periphery 
at  the  appropriate  phase-pitch  apart.  In  Section  4  we 
shall  show  how  the  simple  results  arrived  at  under  the 
present  assumptions  need  to  be  modified  when  the  con- 
ductors are  concentrated  in  similar  bunches  in  equidistant 
slots  separated  by  teeth.  Furthermore,  as  pointed  out  in 
the  beginning  of  Section  2,  we  shall  assume  that  the  coils 
constituting  the  winding  have  a  span  of  a  full-pitch,  leaving 
the  consideration  of  other  coil-spans  until  Section  5. 

Under  these  conditions  we  can  turn  to  the  consideration 
of  the  value  of  b„,  and  thence  proceed  to  the  M.M.F.  equa- 
tion for  single-layer  or  for  double-layer  open  and  closed 
windings  with  various  numbers  of  phases. 

(a)  Determination  of  b„  for  a  single  uniformly  distributed 
phase. — A  phase  of  a  uniformly  distributed  winding  supplied 


With  the  aid  of  this  table  and  the  results  of  Sections  2  II 
and  2  III  it  will  now  be  easy  to  write  down  the  equation  to 
the  M.M.F.  wave  for  a  uniformly  distributed  winding  with 
full-pitch  coils.  In  the  following  treatment  we  shall 
divide  our  windings  into  two  main  groups,  namely,  single- 
layer  windings  and  double-layer  windings,  and,  generally 
speaking,  follow  the  classification  of  armature  windings 
set  out  by  Dr.  S.  P.  Smith,*  confining  our  attention  to 
those  cases  which  are  shown  in  his  paper  to  be  of  practical 
importance. 

I.  Single-layer  windings. — Single-layer  windings  con- 
stitute an  important  class  owing  to  their  wide  usage  for 
alternator  and  induction-motor  stators.  For  this  reason, 
therefore,  and  for  the  reason  that  the  M.M.F.  properties 
of  all  other  windings  can  be  deduced  from  the  results 
found  for  them,  we  shall  consider  single-layer  windings 
first  and  in  some  detail. 

We  shall  assume  that  I  is  the  root-mean-square  value  of 
the  phase  current,  and  that  there  are  j  conductors  per 
pole-pitch.  Then,  if  z'  be  the  number  of  conductors  in 
the  current  sheet  forming  the  phase  band,  it  is  clear  that 


Table  i. 


a 

61 

63 

bs 

l'7 

h 

*.. 

6.3 

b„ 

0 

4/^ 

4/3'f 

4l5^ 

4/7' 

4/9'r 

4/1  ITT 

4/13'r 

4/;i7r 

W3 

12I1T' 

24/3="^' 

I2/5=T» 

— 12/7->» 

-24/9=^' 

—  I2/lI=7r' 

I2/I3'7r» 

(i^lir^n")  sin  (nirlb) 

W2 

l6/v/27r= 

l6/3V2  7r= 

—  l6/5V2'r' 

—  l6/7V2'r' 

16/9V2T' 

l6/ll  =  v^2ir' 

—  l6/l3V2ir' 

(i6/jr^;i=)  sin  \nir 

2t/3 

6V3l^ 

0 

-6^3l'y^' 

6v/3/7'T' 

0 

— 6v'3/h''t" 

6s/3iiy-^' 

(i2/n-';i=)  sin  ^;i7r 

TT 

8/^' 

-8/3'T' 

»I5'^' 

-8/7V' 

8/9V' 

— 8/ll'7r= 

8/l3=7r- 

(8/^=„=)(_i)l..-i 

with  a  sine  current  will  give  rise  to  a  magnetomotive 
force  which  is  stationary  with  respect  to  the  winding, 
and  which  pulsates  as  a  sine  function  of  time.  The  space 
distribution  of  the  pulsating  M.M.F.  of  a  phase  will  have 
one  of  the  forms  of  a  rectangular,  trapezoidal,  or  triangular 
wave  according  as  the  winding  forming  the  phase  is 
concentrated,  partially  distributed  over  the  pole-pitch, 
or  wholly  distributed  over  it.  Such  magnetomotive  force 
waves  are  shown  in  Figs.  2  (a),  (b),  (c),  together  with  the 
current  sheets  producing  them.  The  waves  are  assumed 
to  be  of  unit  amplitude,  so  that  b„  is  readily  found  by 
Fourier  analysis. 
Taking  the  trapezium  as  the  general  case,  Fig.  2  (6),  it  is 

easy  to  prove  that      6,,  ^ --,- sin  h  ^ (7) 


sin  n 

IT  n-  a  2 


where  n  is  odd  and  a  is  the  angular  phase-spread  of  the 
current  sheet  formed  by  the  coil-sides  of  the  phases. 

The  triangle.  Fig.  2  (c),  is  easily  found  by  putting  <t  =  tt 

in  Equation  (7)  giving     6„  =  -—,(— i)*"-^   .     ...     (8) 

TT'  n 

In  a  similar  way,  by  putting  <r  =  o  and  using  the  method 

of  limits,  we  get  for  the  rectangle  of  Fig.  2  (it) 


6„=i 


(9) 


Values  of  b„  for  the  various  values  of  a  arising  in  practice 
are  given  in  Table  i. 


\z'  v''2  I  is  the  maximum  ampere-turns  per  pole  and  phase, 
so  that 


¥uai-=0-X-!t~     v^2l  =  0-4  7r— ^    v^2  I  =  K 
^2  ^2Jr 


z'liT  =  zJTT  ;  and  K  =  0-4  ttz  I/v/2. 


(10) 


Fmai  is  of  course  measured  in  units  of  magnetomotive 
force,  and  we  can  now  insert  it  in  our  equations  for  the 
following  kinds  of  windings  : — 

{a)  Single-phase  winding  with  various  phase-spreads. — The 
magnetomotive  force  of  a  single-phase  winding  is  obvi- 
ously pulsatory,  its  space  distribution  around  the  periphery 
being  dependent  only  on  the  phase-spread.  For  example, 
the  whole  periphery  could  be  wound  (see  Fig.  2  (c)  i)  with 
coils  so  that  (t  =  tt,  the  M.M.F.  being  then  distributed 
according  to  a  triangular  wave.  Owing  to  reasons  of 
practical  economy  it  is  not  often  that  such  a  winding  is 
employed,  the  value  of  a  being  reduced  as  a  rule  to  2  7r/3 
(see  Fig.  2  b).  The  M.M.F.  wave  has  then  a  trapezoidal 
shape.  If  we  now  give  the  equations  to  the  waves  for 
these  two  cases  (o-  =  7r  and  it  =  2^/3)  it  will  be  sufficient 
indication  of  the  method  to  be  followed  for  any  other  value 
of  a  arising  in  technical  work. 

(i)  Phase-spread,  a=  tt. — From  Equation  (10)  we  have  at 
once  F„,„  =  K  ;  and  from  Table  i,  b„  =  (8;jr=  »=)  (—1)*"-*, 

»  S.  P.  Smith  :  Journal  I.E.E..  1917,  vol.  55,  p.  18. 
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so  that   B.=  K<S/w'ii')(— 1)»"-».      Then   remembering 
(hat  «  '  >'  'i'^'  *'"^  current  follows  a  cosine 

Ij^-  (!,  iO  pulsalin;;  M.XI.F.  wave  becomes 


•  8  P 

F  =  S  B"  sin  «  9  cos  « /  =  •  ,  K  cos  w  / 


sin  0  ■ 


+  isin5e-^,sin7e  + 


,  sin  3  9 


] 


nil 


This  is  clearly  a  pul^^ting  triangle  of  amplitude  =  K. 


an  odd  multiple  of  3  vanish  from  the  wave.  This  is  a 
perfectly  general  result,  since  any  desired  harmonic  can 
be  suppressed  in  the  M.M.F.  wave  by  suitable  choice  of  it  ; 
for  example,  if  <r  =  2  x/7,  sin  n  T/7  (which  occurs  in  the 
expression  for  ft.)  vanishes  wlienever  n  is  a  multiple  of  7, 
and  so  no  7th  or  multiple  of  the  7lh  harmonic  will  appear 
in  the  wave. 

(ft)  H cmisyiu metrical  tno-l<hascwindinj^. — The  distribution 
of  the  phase  currents  in  this  case  is  shown  in  F'ig.  3  (a)  for 
the  instints  when  wf^o  and  w /  =  7,4,  together  with  the 


KiG.  3.—\a)  Dintnbutittn  of    M.M.K.  due  Ix  a  current  sheet  of 
very  narrow  ^p^ead  ;  it  »  o. 

(6|  Di-'iriSiiti  ill    ■!  M  M  K.  iluc  III  a  current  sheet  sprcad- 

V  h  ;  »  =  2  )r/3. 
[()  \)  •>  s  current  sheet  spread- 

ing; .  IT     -  ». 

(1  I'd  in  one  layer, 

(iij  .,  two  layers. 


—  Inserting    this   in    Kqua- 
and    Tabic    I    shows    tliat 

.    .  -  smn-, 
»•"•  3 

Hivinf;  a*  the  equation  to  the  pulviting  M.M.K.  wave 


I  it  >  Phatc-tfread,   »  ^  i  ir/3 
lion  J(io)    gives    F„,  =  ]  K, 


Kic.  3. — The  shapes  ni  M.M.K.  wave  due  to  a  uniformly  distri- 
buted winding  with  full-pitch  coils  ;  when  « /  =  o  and  »/4. 
Phasc-sprcid,  <t  =  «•/!. 


(ii)  Single-layer    winding 

system  of  currents, 
(fc)  Double-layer.. closed  winding 

system  of  current*, 
(c)  Double-l.ivcropcn  winding  ;  heniisymmetrical  i-phasc 

svstem  of  tmiiiit-. 


hemisymmetrical      2-phasc 
symmetrical   4-phase 


.    .  wn  (I    . 
r-  »•  3 


Thu«  in  this  case  H.  =  }  K    .  -.sm  n 


F  =  S  ''".  ^in  n  0  co^  ••  / 


..f«^-^; 

3 

cos 

»l    sin»- 

-^.'.sinsfl 

^r 

sin  70 

~  II 

.sin 

ue+  . 

•] 

ill) 

iim  is  cl 
i.isc  order 

early 
s  arc 

corresponding  M.M.K.  w.ive--.  Since,  in  :i  hcmisymnictri- 
cal  two-ph.isc  winding  <t  =  wji,  Kiju.Uion  (10)  becomes 
F«..  =  i  1<.  ;""'  "'c  value  of  h.,  from  Table  i  is 
6,=(if)/»'/i')sin  J  II  IT.  leading  to  H,=|  K  (i'>')r'»r)sin  Jnr. 
Now  the  currents  form  a  hemisymmetrical  lwo-plia.sc 
system  in  which  N=J  and  therefore  (J  =  ir/i.  and  hence 
the  harmonics  existent  in  the  magiiclnmolive  force  which 
they  produce  in  the  winding  c;»n  be  determined  at  once 
from  Section  i  III  (fl).  Referring  to  this  section  we 
readily  find  Ihal  (he  M.M.F".  harmonics  present  arc  those 
of  the  order  ri  =  i*N±i=4*-l-l  and  4*  — I,  the 
former  harmonics  having  expressions  deduced  from 
F^quation  ft  (<l   and   the   latter   from    F^qualion  6  (h),  by 
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putting  N  =  2  and  the  value  of  B„  just  found  above. 
Carrying  out  tliese  substitutions  we  readily  find  as  the 
equation  to  the  M.M.F.  wave, 

F=  -^^  .  ^'  [sin  (e-w  /)  +  f,sin  (3  e+u,  /) 

'0-y.sin(7  9  +  «/)  +  ...]  (13) 


sin  (s  I 

5= 


F^ 


Putting  w  /  =  o  in  this  equation  gives 

16        Kr  .    „  ,    I    .       „      I 

--, .  —     sin  9+  -  sin  3  9 

v/2  jr=      2  L         ^3=  5- 


sin  9+  J,  sin  3  9 —  —  sin  5  9 ;sin7  e-f-... 


which  is  the  equation  to  a  trapezium  in  which  <T=7r/2 
(see  Table  i  for  the  relative  values  and  signs  of  the 
harmonics),  a  fact  verified  by  Fig.  3.  The  maximum  value 
of  this  trapezoidal  wave  is  readily  found  by  putting  9  =  jr/4, 
thus  : — 


Maximum  height  of  trapezoidal  wave  shape 

.,L^+3.  +  ^  +  ^+...b,  =  K/2, 


V^2  : 


since  the  sum  of  the  bracketed  series  is  t»/8. 

Now  we  have  seen  (Section  2  I  [a))  that  the  nth  harmonic 
in  the  M.M.F.  wave  moves  at  i/«th  of  synchronous  speed 
in  a  direction  dependent  on  its  order.  Let  us  suppose  that 
the  fundamental  of  the  wave  has  moved  forward  a  quarter 
of  its  wave-length,  namely  2Y/4.  Then  remembering  that 
the  (4  A-  +  i)th  harmonics  move  with  and  the  (4 /t  —  i)th 
harmonics  against  (see  Equation  13)  the  fundamental, 
the  relative  motion  between  the  fundamental  and  the 
harmonics  will  be 

for  the  3rd  harmonic  2  Y/4  +  J  (2  Y/4)  :=  2  Y/3  ; 
„       Sth  „         2  Y/4 -J  (2  Y/4)  =2  Y/s; 

„      7th  „        2  Y/4 +1/7  (2  Y/4)  =  2  (2  Y/7); 

and  so  on.  That  is  to  say,  the  relative  position  of  all  the 
harmonics  with  respect  to  the  fundamental  is  the  same  at 
the  end  of  each  quarter  period  as  it  was  at  the  beginning, 
since  in  that  time  each  harmonic  has  moved  along  its  own 
wave-length  (or  some  multiple  thereof)  relative  to  the 
principal  or  fundamental  wave.  Hence,  at  the  end  of 
every  quarter  period  the  distribution  of  M.M.F.  is  the 
same  as  at  the  beginning  thereof,  only  advanced  a  quarter 
of  a  wave-length  in  space,  a  result  whose  general  truth  will 
be  proved  in  Section  3  V. 

If  we  examine  in  a  similar  way  the  state  of  affairs 
obtaining  when  w  /  ='!"/4,  we  shall  find  that  the  relative 
movement  between  the  fundamental  and  the  harmonics 
will  be 

for  the  3rd  harmonic  2  Y/8  -f-  J  (2  Y'/S)  =  |(2  Y/3) ; 
„      5th  „        2Y/8-i(2Y/8)  =  |(2Y/5); 

„       7tti  „        2Y/8-f-i/7(2Y/8)=(2Y/7); 

and  so  on.  That  is,  the  3rd,  5th,  etc.,  harmonics  have 
travelled  one-half  their  respective  wave-lengths  relative  to 
the  fundamental  and  so  are  reversed  with  respect  thereto, 
whilst  the  7th,  etc.,  harmonics  have  moved  a  whole 
wave-length  and  therefore  have  their  relative  positions 
unaltered.  As  we  shall  presently  see,  this  rearrangement 
of  the  harmonics  leads  to  a  triangular  wave  shape  trans- 
posed in  space  by  n-,'4. 


Referring  to  Fig.  3,  we  can  refer  the  wave  to  its  own 
origin  when  w  t  =  t^I^  by  putting  9  =  9'  ■}-  7r;'4  in  Equation 
(13)  together  with  this  value  of  w  /,  giving  on  reduction, 

-i^  .  -fsine'- -sin39'-t-- sin59'— !:;Sin7e'-f  ...1 


"'         s/2 

as  the  equation  to  the  wave  referred  to  the  point  A  as 
origin.  Reference  to  Table  i  will  show  that  the  signs  of 
the  harmonics  are  those  of  a  triangle,  whose  maximum 
height  is  found  by  making  9'  =  jr/2,  giving 

Maximum  height  of  triangular  wave  shape  =  K/v'2. 

It  will  be  seen  from  the  equation  for  F^,  that  the  signs  of 
the  harmonics  are  those  predicted  by  the  above  argument. 

Hence  we  see  that  the  M.M.F.  wave  of  a  hemi- 
symmetrical  two-phase  winding  moves  around  the  peri- 
phery of  the  armature  at  synchronous  speed,  pulsating 
in  shape  between  a  trapezoidal  and  a  triangular  form  eight 
times  in  a  period.  Between  these  two  limiting  shapes 
there  are  a  number  of  transitional  forms  which  we  shall 
have  occasion  to  consider  further  in  Section  3  V. 

(c)  Symmetrical  three-phase  ivinding. — In  this  case  the 
distribution  of  the  phase  currents  will  be  as  shown  in 
Fig  4(a),  where  the  instants  when  oit=o  and  w  /  =  7r/6 
are  depicted.  Since  in  a  symmetrical  three-phase  winding 
a  =  7r/3,  we  get  from  Equation  (10)  and  Table  i, 

B„  =  I  K  (24/77=  »')  sin  {n  W6). 

The  phase  currents  form  a  symmetrical  three-phase 
system  in  which  N  =  3  and  therefore  (3  =:  2  t/3,  and  so  the 
harmonics  present  in  the  M.M.F.  wave  can  be  determined 
at  once  from  Section  2  II  (a).  Referring  for  a  moment  to 
Section  2  II  (b),  we  see  that  since  N  is  odd,  no  harmonics 
will  be  present  whose  orders  are  odd  multiples  of  3  ;  the 
wave  will  thus  be  devoid  of  3rd,  9th,  15th,  etc.,  harmonics. 
From  Section  2  II  (a)  the  existent  harmonics  are  those  of 
the  order  n==2kN±i=6k+i  and  6  A  —  i,  the  expres- 
sions for  the  former  being  deduced  from  Equation  5  (c) 
and  for  the  latter  from  f;quation  5(6)  by  inserting  N  =3 
with  the  above  value  of  B„  and  tlie  proper  value  of  11, 
giving  as  the  equation  to  the  wave  of  magnetomotive 
force, 

F=i|  .  -fsin  (9  —  ^0  +  l~ sin  (58  -1-  ojI) 
1"      3  L  5" 

— -sin(79  — w/)  — — ,sin(ii9-f  wO  +  ...1  (14) 
7-  n-  J 


-i — ,sin5  9 -sinyt 

5'  7' 


,  sin  ii9-|- 


...] 


By  putting  m  /  =  o,  we  have, 

^-     3  L 

as  the  equation  to  the    shape  of   the  wave   when   t  =  o. 
This  is  the  well-known  Fourier's  series"  for  the  pointed 
wave-form  shown  in  Fig.  4  for  this  instant  of  time.    Putting 
9  =  TTJz  we  readily  prove  that  the 
Maximum  height  of  pointed  wave-shape 


3L'+.s'  +  7=  +  iT^+- 


"K, 


3  L        5'   ■   7=   ■    II'  ■  J      3    ■ 

since  the  sum  of  the  series  then  becomes  w-lg. 

•  S.  P.  SsiITH  and  W.  H.  Baklixg,  Ekcirkimi,  1914,  vol.  74,  p.  43. 
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If  wc  examine  the  relative  motion  between  the  bar-  i 
monies  and  the  fundamental  when  h  /  =  rlj,  that  is, 
one-iixth  of  a  period  later,  wc  shall  find  the  following 
results.  Since  in  that  time  the  fundamental  has  moved  , 
forward  one-sixth  of  a  wave-length,  i.e.  2  Y/6.  we  get  for  1 
the  relative  motion  between  the  fundamental  and  the  ' 
harmonics  : — 

for  the  5th  harmonic  2  Y/6  +  |  {2  Y/6)  =  a  Y/5  ; 
..       7th  „         2  Y6— i/7(2Y/6)  =  2Y7; 

,.     nth  „         2  Y/6 +  {1/10(2  Y/6)  =  2  (2  Y/ii); 

and  so  on.    This  follows  when   we   remember   that   the 
(6i  -I-  nth  harmonics  move  with  and  the  (6  k  —  i)th  bar- 
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trie  4. — Thr  •haptrt  cif  M.M.F.  w.ivc  due  to  a  uniformly  dislri- 
I  iig  wilh  (iill-pitch  coiN  ;  when  <■>  <  =  o  and  ir/6. 

1  ,(|.  <i  ..  ir/v 


(M  I 


easily  deduced  from  the  above  table,  which  shows 
that  in  that  interval  ever>'  harmonic  has  moved  through 
some  multiple  of  its  own  wave-length  relatively  to  the 
fundamental. 

In  a  like  fashion,   determining  the  relative  movement 
when  « /  =  ir/6,  gives 

for  the  5th  harmonic  2  Y  12  +  J  (2  Y/ij)  =  Y/5; ; 
„      7th  „        2Y/12— (r7)(2Y  i2)  =  Y/7: 

„     nth  „        2  Y/i2  +  (i/ii)(2  Y/i2)=2Y/ii  ; 

,.     «3th  „        2Y/12  — (i/i3)(2Y/i2)  =  2Y/i3  : 

and  so  on.  That  is,  the  5th  and  7th,  etc.,  harmonics  have 
travelled  through  half  their  respective  wave-lengths  relative 
to  the  fundamental  and  so  are  reversed  in  phase  ;  whereas 
the  nth,  13th,  etc.,  have  moved  a  whole  number  of  their 
respective  w.ive-lengths,  so  that  their  relative  positions, 
remain  unaltered.  This  rc-arrangemcnt  of  the  sign  of  the 
harmonics  at  this  instant  gives  rise  to  a  trapezoidal  wave 
in  which  <r^2  ir/3,  as  we  can  readily  show  as  follows  :  — 
Putting  <u  /  =  ir/6  and  referring  the  equation  to  the  zero 
point  of  the  wave  (the  point  A  in  Fig.  4)  by  making 
6^e'-f  ir/6  in  Equation  (14I,  we  get 

F»-=^!- ^  [s'n9'-j',sin59'+ ^',sin7e'- -'.sinne +...] 

which,  as  Table  i  will  show,  is  a  trapezium  in  which 
ff  ^  2  irly     Making  9'  ^  )r/3  gives 


winding  ;  tymmcliical  3-pha«:  system  of 
'  -A  indin^;  ;    symmetrical   O-phase 

,...       \  iiuliiu'       *.viiiinrlrii.il     ;-ph.i*ic 


»yMem  ol  current!!. 

motiici  again*!  the  fundamental  at  sf-teeds  inversely  pro- 

i      ■         '  lo   their    :  ordert.     Thus   wc  see  that 

1  of   ever  ii   of    a    period    the   relative 

of    the    haKiKiiiKk    and    the    fundamental   are 

I   iTi'1  ihr  w.ive  Miape  n«  con\c<|ucnlly  the  »amc 

a»  at  thf  •  of  iImI   interval,  onlv  advanced  onc- 

»i«th    of  '  njllh  around    llic    pcriplictv.     Thin    is 


Maximum  height  of  trapezoidal  wave-shape 


'8    Kr    ^  '    ,    I    ,     I     , 


••■]"2-^  = 


~^3 


Hence,  the  M.M.F.  wave  of  a  symmetrical  three-phase 
winding  moves  around  the  periphery  of  the  armature  at 
synclironoiis  speed,  puls.iting  in  shape  between  a  pointed 
and  a  trapezoidal  form  12  times  in  a  period. 

II.  Closed  iloubU-liiver  utitJingi. — Having  completed  our 
consideration  of  the  practical  cases  of  single-layer  windings, 
we  must  now  turn  our  attention  to  the  case  of  windings 
in  which  the  current  sheets  arc  arranged  in  two  layers. 
Speaking  generally,  double-layer  windings  can  be  broadly 
divided  into  two  classes,  namely,  closed  and  open 
windings,  the  present  subsection  being  confined  to  a 
consideration  of  the  former.  With  a  closed  winding  the 
phase  currents  are  applied  by  tapping  the  winding  at 
points  separated  from  each  other  by  the  appropriate 
phase-pitch  ;  and  we  shall  take  as  the  phase  current  the 
current  flowing  in  the  conductors  of  the  current  sheets 
lying  between  a  pair  of  consecutive  lappings,  denoting 
its  K.M.S.  value  as  before  by  I.  The  current  sheet  consti- 
tuting the  spread  of  a  ph.^sc  will  then  be  the  sector  of  the 
winding  lying  in  one  layer  between  two  adjacent  tappings 
(see  Figs.  3  ^,  4  ^  and  5).  It  will  thus  be  app-irent  that 
c  /<f  =  r/(2  »),  whence 

V^,  =  o■^1r'^^2\=o.^K'^''^^2\  =  K    "^    .    («5 

is  the  miximum  magnetomotive  force  per  pole  and  phase. 

With  this  definition  of  a  "  phase  "  in  our  minds  wc  can 
pass  on  lo  consider  the  cases  arising  in  pr.ictical  woik,  but 
before  doing  so  it  should  be  noted  that  this  definition  has 
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been  chosen  in  order  to  simplify  the  problem  as  much 
as  possible.  It  will  be  clear  that  the  M.M.F.  of  the  winding 
depends  on  the  actual  current  in  the  conductors  (as  we 
are  to  consider)  and  has  no  reference  at  all  to  the  manner 
in  which  that  current  enters  the  winding,  whether  as  the 
result  of  a  "  diametral "  system  of  loading  or  of  a 
"  polygon  "  system. 

(a)  Two  lappings,  w  radians  apart — This  winding  con- 
stitutes the  common  double-layer  single-phase  winding 
usually  found  in  single-phase  converters.  From  the 
point  of  view  of  our  classification,  however,  it  is  really  a 
symmetrical  two-phase  winding  (/?  =  2  n-/2  =  tt)  witli  the 
phases  in  parallel.  Treating  it  as  such,  the  distribution 
of  current  sheets  will  appear  as  in  Fig.  2  (c)  ii  ;  giving  rise 
to  a  pulsating  triangular  virave  of  M.M.F.,  as  was  found  for 
the  single-layer  winding  with  (t  =  w,  Fig.  2  (c)  i.     Putting 


Fig.  5. — The  shapes  of  M.M.F.  wave  due  to  a  uniformly  distri- 
buted winding  with  full-pitch  coils  ;  when  w  /  =  o  and  7r/6. 
Phase-spread,  ct  =  2  7r/3. 

Double-layer    closed     winding  ;     symmetrical    3-phase 
system  of  currents. 


<!-=-K  in  Equation  (15)  gives  Fm.,,  ^  K/2,  and  by  analogy 
with  Equation(ii),  B„  =  J  K  (S/tt' «=)  (—  i)^"-^,  so  that 

F^2  S  B„sin  n  9cosm  t=   \-  —  .cosw/ 1  sine —  -   sin -18 
"2  L  3" 

+  ^,sins0—  '  sin  7  9  +  ...  J 

which  is  identical  with  Equation  (11). 

(8)  Four  lappings,  wjl  radians  apart. — The  distribution 
of  current  sheets  in  this  case  is  given  in  Fig.  3  (6),  and  will 
be  seen  to  correspond  e.xactly  with  those  set  out  in 
Fig-  3  (")  for  a  hemisymmetrical  two-phase  winding,  for 
which  we  calculated  the  M.iVI.F.  equation  in  Section  3  I  (b). 
Referring  to  this  section  we  see  that :  (i)  a  is  the  same 
therein  as  in  the  present  case,  namely  <r=ir/2  ;  (ii)  the 
value  of  F„,.„  is  twice  the  value  in  the  present  case,  namely 
K/2,  as  against  K/4  found  from  Equation  (15)  by  putting 
a  =  7r;'2  ;  (iii)  the  number  of  phases,  N  =  2,  in  the  former 


case  is  half  the  present  value,  namely  N  =4.  Hence,  the 
value  of  I N  B„  is  the  same  for  the  two  cases  and  the 
equation  to  the  M.M.F.  wave  is  therefore  applicable  here, 
namely  Equation  (13).  Hence  Equation  (13)  is  the 
.equation  to  the  M.M.F.  wave  of  a  closed  double-layer 
winding  with  four  tappings  at  a  phase-pitch  of  ir/2 
radians. 

(c)  Three  lappings,  2  7r/3  radians  apart— The  phase- 
spread  is  (T  ^  2  7r/3  in  this  case,  and  as  it  is  not  usual  to 
have  a  single-layer  winding  with  this  phase-spread  wo 
must  consider  this  case  on  its  merits.  The  current  sheets 
are  shown  for  w/  =  o  and  w  /  =  ir/6  in  Fig.  5,  together 
with  the  corresponding  M.M.F  waves. 

As  deduced  for  the  single-layer  three-phase  winding 
(Section  3  I  (c) )  the  only  harmonics  present  are  those  of 
order  n=6k-\-  i  and  6* —  i,  the  equations  for  which  are 
found  from  Section  2  II  (a),  no  multiples  of  3  occurring 
at  all.  For  (r:=2  7r/3  the  value  of  b„  from  Table  i  is 
6„  =  (i2/:r'/«°)  sin  «jr/3,  and  from  Equation  (15)  F,„a,=  K/3, 
so  that  B„  =  (K/3)  .  (i2/7r=  n-)  sin  ;i  7r/3. 

Using  this  in  Equations  5  (b)  and  5  (f)  for  N  =  3  and 
the  appropriate  value  of  /;  we  get  as  the  equation  to  the 
M.M.F.  wave 


F=9>43.1^[-,i„(e_„/) 


,  sin  (se-fw/) 


3  L       -^  '5' 

4-  \  sin  (78  — w/)—-^  sin(ii0-t-w/)-f  ...1  (t6) 

By  putting  mI  =  o  the  shape  of  the  wave  when  /  =  0  is 
a  trapezium  in  which  (7  =  277/3,  as  the  substitution  will 
readily  prove  ;  thus, 

F=?>^-  -  ("sine—  ^^ sin 59+  i  sinye— ^sin  ii9-f  ...J 

Substituting  9  =  7r/3  we  get 

Maximum  height  of  trapezoidal  wave-shape 

=  (9  s/?,l^')  (K/3)  (t'/9)  ( v'3/2)  =  K/2. 

An  argument  similar  to  that  applied  to  case  (c)  of 
Section  3  I  will  show  that  the  wave-shape  is  repeated 
at  intervals  of  one-sixth  of  a  period  and  oscillates  12  times 
in  a  cycle  between  the  trapezoidal  shape  just  considered 
and  the  peaked  form  occurring  when  w  /  =  7r/6.  Putting 
w  /  =  jr/6  in  Equation  (16)  and  referring  the  wave  to  its  own 
zero  point.  A,  as  origin  by  making  9  =  9'  -j-  jr/6,  we  have 


TT         3  L  s' 


,  sm  7 


'—      -sin  II  9'-|- 
II- 


which    is   the    expression    for   the    pointed    wave-shape. 

Making  9'  =  7r/2  gives 

Maximum  height  of  pointed  wave-shape 

=  (9^3/'^=)  (K/3)  {^'l9)  =  K/v/3- 

(d)  Six  tappings,  77/3  radians  apart— In  this  case  we  have 
a  symmetrical  six-phase  winding  with  a-  =  jr/3,  and  com- 
paring the  current  sheets  (Fig.  46)  with  those  for  a  single- 
layer  winding  with  three  phases  and  the  same  phase-spread 
(Fig.  4a)  we  see  that  so  far  as  M.M.F.  is  concerned  the 
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two  ca>c>  are  idcnticat  and  sliould  therefore  have  the  same 

M.M.F   '".     This  will  be  obvious  when  we  consider 

that  A  value  of  K  has  been  doubled  in  thiscnsci 

F„.,  1-  iialvi-.i.  and  so  since  fr,  is  the  same  for  both  coses, 
I  \  H.  is  also  the  same.  Hence,  the  equation  to  the 
M.M.K.  wave  of  a  closed  douhlclayer  winding  with  six 
tappinj;s  at  a  phase-pitch  of  r'3  radians  is  Kquation  (14). 

A  winding  of  this  class  is  the  one  commonly  employed 
in  a  rotary  converter  with  six  slip-rinRs,  and  the  phase 
currents  arc  the  result  of  "  diametral "  loading  on  the 
generator,  which  in  that  case  is  of  the  normal  three- 
phase  t\'pc. 

111.  OfdicJ  liouhle-liiycr  vinJings. — We  must  now  con- 
sider opened  double-layer  windings,  the  tcchnicil  impor- 
tance of  which  is  increasing  owing  to  their  application  to 
alternator  stators  and  induction-motor  rotors. 

The  mode  of  opening  a  double-layer  winding  is  well- 
known  '  and  we  need  not  enter  into  the  matter  here.  It 
will  Ix:  sufTicicnt  if  we  say  that  equidistant  points  (2  W2  N- 
radians  apart  for  an  N-phase  open  winding)  are  located  in 
the  winding  at  the  appropriate  phase-pitch  apart,  just  as  in 
the  case  of  a  closed  winding  tapped  for  phases.  Instead 
of  tappings  being  applied  to  these  points,  the  winding  is 
there  opened,  and  the  oppositely  situated  parts  of  the 
winding  (t>cing  in  opposition  of  phase)  are  then  joined  in 
scries  or  parallel  as  desired.  The  composite  ph.ises  so 
formed  can  be  star-  or  mesh-connected  according  to 
circumstances.  With  these  preliminary  remarks  we  can 
pass  on  to  the  consideration  of  two  important  cases. 

(a)  Hemisynimelrical  lwfl-f>hase  tfiaJing. — Referring  to 
Fig.  ^(h).  where  the  current  sheets  of  a  closed  double-kiycr 
wwvliiig  with  four  t.ippings  arc  shown,  it  is  easy  to  see  that 
Ptia'-es  I  and  III  therein  could  he  connected  togetlicr  to 
form  a  single-phase,  if  the  winding  were  opened  at  the 
lapping  points.  Likewise,  I'hases  II  and  IV  would  com- 
bine to  form  the  second  phase  of  the  winding,  this  new 
phase  being  dispLiccd  from  the  first  composite  phase  by 
r/2  radians,  as  shown  in  Fig.  3  (( ).  A  hemisymmetrical 
two-phase  system  of  currents  (of  the  same  K.M.S.  value  as 
in  the  closed  winding)  would  then  produce  exactly  the 
same  distribution  of  peripheral  loading  in  the  open 
winding  as  was  produced  by  a  symmetrical  four-phase 
«y»tcni  of  currents  in  the  closed  winding  from  which  it 
»  .   the   wave   of    M.M.F.   will  be   the 

VI  ^  anri  we  can  s.iv  that  the  equation  to 

the  M.M.h.  w.ive  of  a  hemisymmetrical  Iwo-ph.isc  open 
winding  will  be  identical  with  that  found  for  a  closed  wind- 
ing with  four  tappings  ir/2  radians  ap-irt,  namely  Kqua- 
tion lit). 

(!•■  Svniiiulrifal  thret-phasc  vimtiiigi. — A  precisely  similar 
a'  '  <d   to    Fig.  4  ih)  will  show  that  an   open 

tt  'int;  ran  Iw  obtained  therefrom  bv  opening 

a'  g  l'h.iscs  I  and  IV,  III  and 

\  i  iiallcl  to  fiirm  the  composite 

phases.   A  (if  Fig.  4  (( )  will  I  hen  show 

thai  .1    •.  ;i  ,   ,   ..,  .  system  of  currents  produces 

i'  :  identically  the  same  current  distri- 

biii.-.i    11   •  lilt  a«  occurred  in  the  closed  winding 

with  tix  l;i;  radianx  apart.     Thus  it  follows  that 

•  '  'it.M.F.   wave  of  a  symmetrical  Ihrce- 

I  1^   identical  with   that    found  for   a 

(tt..  Part  t,  p.  137 ;  aim  8,  P.  Smith, 


closed  winding  with  six  tappings  ir/3  radians  apart,  namely 
Equation  (14). 

These  results  can  be  readily  generalised  by  induction, 
leading  us  to  the  conclusion  that  the  equation  to  the 
M.M.F.  wave  of  an  N-ph.ise  open  winding  is  identical 
with  that  of  a  closed  winding  with  2  N  equidistant  Lip- 
pings,  since  the  ph.ise-sprcad  and  pciiphcral  distribution 
of  current  sheets  arc  the  same  in  both  cases. 

IV.  Ihiiusiioii  of  mulls. — In  the  preceding  subsections 
we  have  deduced  the  equations  to  the  M.M.K.  w.tve  of 
a  uniformly  distributed  winding  arranged  for  various 
numbers  of  phases,  such  as  are  found  in  practice.  These 
equations  give  the  v.ilue  of  the  magnetomotive  force  at 
any  point  on  the  periphery  of  the  .irmature  for  any  instant 
of  lime,  and  the  M.M.F.  w.ives  which  thev  represent  have 
many  interesting  and  important  properties  worthy  of 
tabulation  and  discussion,  which  can  be  conveniently 
considered  under  the  following  headings  : — 

(ii)  Amplitude  of  the  ftiiiJaiiicnlal  and  maximum  heights  0/ 
limiting  forms  of  the  wave  of  magnetomotive  force. — In  many 
problems  connected  with  armature  reaction  in  alternators 
and  in  the  elementary  theory  of  the  induction  motor  it  is 
usual  to  neglect  harmonics"  in  the  M.M.F.  wave  and 
to  deal  only  with  the  fundamental.  It  will  therefore  be 
useful  if  we  have  a  table  f^ving  the  amplitude  of  the 
fundamental  in  the  M.M.F.  wave  for  all  the  cases  we  have 
considered,  and  for  this  reason  T.ible  2  has  been  prepared. 
The  amplitudes  of  the  limiting  shapes  of  the  wave  have 
also  been  inserted,  since  they  arc  useful  in  armature 
re.-»clion  problems  where  the  extent  of  variation  of  M.M.F. 
must  be  known. 

In  Table  2,  the  quantity  K  =  o'4  v  z  I/v/2,  where 
z  is  the  number  of  conductors  per  pole-pitch  and  I  =  the 
R.M.S.  current  per  ph.ise,  is  a  quantity  readily  cilciilated 
when  the  type  of  winding  is  specified.  The  .implitude  of 
the  fundamental  is  given  as  the  product  of  two  terms  ;  the 
first  is  a  numerical  factor  arising  out  of  the  Fourier  analysis 
of  the  wave  ;  whereas  the  second  is  the  maximum  magneto- 
motive force  per  pole  and  phase,  F„.,.  The  amplitudes 
and  heights  of  the  limiting  forms  of  the  waves  arc  thus 
tabulated  in  units  of  magnetomotive  force  per  pole,  and  to 
obtain  them  in  ampere-turns  per  pole,  the  tabular  values 
must  be  divided  by  04  w. 

(6)  Direction  of  motion  and  speed  of  harnh->nics. — Our  pre- 
vious analysis  has  shown  that  the  moving  M.M.F.  wave  can 
be  split  up  into  a  number  of  harmonic  waves  of  sinusoidal 
shape,  the  linear  speed  of  the  nth  h.irmonic  being  i/wth  of 
that  of  the  fundamental,  and  the  direction  of  motion  being 
also  a  function  of  the  order  of  the  h.armonic. 

In  Table  3  the  directions  of  motion  of  the  harmonics  in 
the  M.M.F.  wave  of  a  uniformly  distributed  winding  carry- 
ing sine  currents  are  shown  by  an  artow-head  drawn  on 
a  circle,  and  the  speed  lel.atively  to  the  fundamental  is 
indicated  by  a  fraction  enclosed  in  the  circle.  Simil.ir  titles 
have  been  published  by  K.  Arnold  in  volume  y  of  "  I  lie 
Wechselstromlechnik,"  p.  .t.in.  With  the  aid  of  this  table 
we  can  see  the  harmonics  present  (up  to  the  ijtth  order)  in 
the  M.M.I",  wave,  together  with  their  directions  of  motion 
and  relative  speeds. 

(c)  Theory  of  the  periodic  change  of  shape  of  the  M.M.F. 
tcare.—  \n  dealing  with  the  wave  of   M.M.F.  produced  by 

*  S.  r  Smith,  J.-umnl  I  R.K..  Kin,  vol.  47,  p.  <i<ii  ;  alto  JL  P. 
Smith  and  \V   H.  IUulikc^,  Elt>liuinii,  igu,  v<il.  74,  |v  4'' 
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Table  2. 
Ampliludc  of  Fiindametttal  ami  Heights  of  Liiinling  Shapes  of  the  MM.F.   Wave  of  a   Uniformly  Distributed  Winding. 

K  =  0-4  JTC  I/v'2. 


1   ' 

oS 

Amplitude  of  the 

Trianglar 

Trapezoidal 

Pointed 

Sp      1 

Kind  of  Winding 

0 

Fundamental 

Shape 

Shape 

Shape 

i 

Actual 

Numerical 
Value 

Height 

at 

Height 

at 

Height 

at 

I 

w 

Sect.  3  I  (a)  i 

Single-layer 



II 

Ik 

o-8ii  K 

K 

0 

_ 



_ 

I 

ir 

,.     3  n  (<i) 

j      Closed      1 
double-layer) 

(  Two  tappings, 
1  ir  radians  apart/ 

II 

6^3     2  K 

^        3 

.. 

K 

y) 

— 

— 

— 

— 

I 

2W3 

..     3  I  (")  " 

Single-layer 

— 

12 

0701  K 

2K/3 

ft 

— 





2 

^/2 

.,    3IW 

Single-layer 

— 

13 

16       K 

s/27r'  ■    2 

0574  K 

K/v'2 

7r/4 

K/2 

0 

— 

— 

4 

W2 

„    3"  (6) 

Closed      1 
double-layer ) 

I  Four  tappings,  \ 
\      ff/2  radians 
\           apart 

13 

ii 

» 

" 

>t 

tJ 

" 

— 

— 

2 

W2 

„    3"IW 

f        Open       1 
( double-layer ) 

— 

13 

» 

f} 

»» 

" 

» 

>» 

— 

— 

3 

W3 

„    3IW 

Single-layer 

— 

14 

18     K 
^'  3 

0-609   ^ 

— 

— 

K/v/3 

7r/6 

2K/3 

0 

6 

t/3 

>.    3n('') 

(      Closed      1 
( double-layer  ( 

,     Six  tappings,  ] 
'      7r/3  radians 
[          apart          ) 

14 

)i 

— 

— 

}) 

" 

>f 

It 

3 

W3 

„    3  111(6) 

f        Open       1 
1  double-layer  J 

— 

14 

ft 

tt 

— 

— 

it 

)t 

tt 

jy 

3 

2T/3 

„    3IIW 

J       Closed      > 
(double-layer  j 

/Three  tappings, 
i    2  ir/3  radians 
(          apart 

16 

9n/3     K 
^'     '  3 

0527  K 

— 

— 

K/2 

0 

K/^3 

Trie 

Table  3. 

Direction  of  Motion  and  Speed  of  Harmonics  in  tiic  M.M.F.  Wave  of  a  Uniformly  Disiribuied  Winding 

carr\ins  Sinusoidal  Currents. 


No.  of 
Phases 


Phase- 
spread, 


Type  of  Winding 


o  > 
=  ?:' 


Direction  of  Motion  and  Speed 


\^n  ' 


3rd         5th          7th 

9th 

nth 

13th 


2W3 
t/2 
W2 
5r/2 

t/3 
W3 

2  7r/3 


Sect.  3  I  (a)  i    , 
3  n  (a) 
3  I  («)  »  I 

3  I  (6) 

3  "(6)     i 

3  III  (a)       Open  double-layer 

3  I  (c)       I  Single-layer 


Single-layer 

Closed  double-layer 

Single-layer 

Single-layer 
Closed  double-layer  ;  < 


1  1 1  I  All  harmonics  present ;  puisatiivg'  wa-.  e 

Two  tappings,      |  '   „   !    „      I      ,.     |  |  „        |  |"         |    >. 

n- radians  apart    )  i  Multiples  of  3  present.  Remaining 

12   I  harmonics    pulsating. 


Four  tappings,     ) 
7r/2  radians  apart  j 


3  II  (d)    ^  Closed  double-layer  |{  ^/fV^.^flPPraf^.t 

3  III  (6)       Open  double-layer  — 

3  11(c)     :  Closed  double-layer  I  {^^l.ee  tapping.  J  I  ^, 
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Kic.  6. — Ttic  ".h.ipcs  assumed  by  llie  M.M.F.   wave  <>l  a 


6. — Ttic  '•h.ipcs  assumed  hy  Ihe  M.M.F.   wave  <>l  a  iim- 

f.K^mly  diitribulcd  umdiii}:  with  hill-r'Icli  >-"'ls  ;  at  iiitcr\;il-i  KiG.  7. — The  shapes  assumed  hy  tlic  M.M.K.  wave  erf  a  uni- 

ot  i.'ijnd  or  a  piTwKi.     Hcmisymmelrical  i-pliasc  or  syiii-  (onnlv  di>lribulcd  wiiidmf;  with  fuIl-pilch  o>ils  ;  at  iiitcn-aU 

metrical  4-pha>c  windings.  of  l/4Sth  of  a  pcrixl.     Symmctric.1l  .V  or  6-pha-.c  windings. 


Flo.  9.— Iwrnictric  drawing  •■(  a  thrr 


<1cl  »l)owinK  tlic  M.M.K.  wave  of  a  .;pha»c  unil.'imly  disliibulcd  windinj; 
ill  a<>  a  luiuiion  of  the  \.inabk».  9  and  t. 
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various  polyphase  windings,  we  liave  seen  that  the  shape  of 
the  wave  changes  cyclically  between  certain  limiting 
forms.  For  three-  and  six-piiase  windings  these  limiting 
forms  are  a  trapezoidal  and  a  pointed  wave  ;  whilst  in  the 
•case  of  two-  and  four-phase  windings  the  shape  changes 
periodically  from  a  trapezium  to  a  triangle  and  back 
again.  We  showed,  in  dealing  with  individual  cases,  how 
the  recurrence  of  the  limiting  shapes  could  be  predicted 
by  consideration  of  the  relative  motion  taking  place 
between  tlie  fundamental  and  the  harmonics  in  the  wave  ; 
and  it  will  now  be  our  object  to  generalize  the  arguments 
which  we  have  used  for  the  purpose  of  the  prediction. 

It  will  be  obvious  that  whatever  shape  the  changing 
M.M.F.  wave  may  have,  that  shape  will  be  repeated 
(advanced  further  around  the  periphery)  when  all  har- 
monics have  moved  some  integral  multiple  of  their 
respective  wave-lengths  relative  to  the  fundamental.  Let 
us  assume  that  the  repetition  of  any  given  wave-form  takes 
place  when  the  fundamental  has  moved  some  fraction 
Z  of  its  wave-length,  i.e.  when  it  has  advanced  by  2  Y  ?  cm. 
around  the  armature  periphery.  Then,  since  the  »th  har- 
monic wave  moves  at  i/(ith  of  synchronous  speed,  it  has 
advanced  or  receded  by  2  Y  ;/)i  cm.  Remembering  that 
harmonics  of  order  2  A  N  -)-  i  move  in  the  same  direction 
as  the  fundamental,  and  those  of  order  2  A  N  —  i  in  the 
opposite  direction,  we  have  for  the  relative  movement 
between  the  fundamental  and  the  «th  harmonic, 


and 


2  Y  J  —  2  Y  ?/)!  when  »  =  2  i  N  -f  i 
2  Y  ?  +  2  Y  Zln  when  ;i  ^  2  A  N  —  i. 


For  a  shape  to  repeat,  these  expressions  must  equal  an 
integral  multiple  of  wave-lengths  of  the  harmonic  under 
consideration,  i.e.  )h(2Y/i;),  where  in  is  any  integer. 
Combining  the  two  expressions  gives 

S[2Y+(i/")2Y]  =m2Y/;i  ; 
or  ^  =  »!/(/(+ i)  =  "'/(2*  N). 

since  the  upper  sign  applies  when  n  =  2  A  N  -|-  I  and  the 
lower  when  >i  =  2AN  —  i.  Thus,  the  condition  to  be 
fulfilled  is,  2  A  N  ?  =  an  integer,  for  all  values  of  k. 

For  example,  if  N  =  2,  we  have  4.4  J  ^an  integer, 
which  is  clearly  satisfied  when  ?  =  J  or  any  multiple  of  J. 
Hence,  the  shape  or  the  M.M.F.  wave  of  a  two-phase 
■winding  recurs  after  every  quarter  period,  the  wave  having 
moved  along  a  quarter  of  the  fundamental  wave-length. 

Likewise,  when  N  =3,  we  get  6  A^^an  integer,  which 
is  true  when  s  =  1/6  or  any  multiple  thereof.  Hence  the 
•shape  of  the  M.M.F.  wave  of  a  three-phase  winding  recurs 
after  every  onc-si.xth  of  a  period,  the  wave  having  moved 
along  by  successive  sixths  of  the  fundamental  wave-length. 

When  N  is  an  even  number  >  2,  there  are  in  addition  to 
"harmonics  of  order  2AN'±i,  others  given  by  AN  +  i; 
■which  give  as  an  auxiliary  condition,  A  N  ?  =:  an  integer,  as 
well  as  2  *  N  ^  =  an  integer  for  all  values  of  k.  Any  value 
•of  ;  satisfying  this  new  condition  will  clearly  fulfil  the  old, 
and  so  we  must  find  Z,  so  that  A  N  ?  =  an  integer  for  all 
•values  of  k. 

Applying  !his  result  when  \  =  4,  gives  4  A  ^  =  an  integer, 
from  which  :  =  J  or  any  multiple  of  \.  Hence  the 
periodic  change  of  shape  is  the  same  for  the  M.M.F. 
wave  of  a  four-phase  winding  as  for  a  two-phase  winding 
<c.f.  Section  3,  I  (b)  and  IH    ;;)  with  II  (6)  ). 


Likewise,  for  N  =  6,  6  A  J  =  an  integer,  satisfied  by 
:=  multiples  of  1/6.  Thus  the  periodic  change  of  shape 
is  the  same  for  the  M.M.F.  wave  of  a  six-phase  winding 
as  for  a  three-phase  winding  (c.f.  Section  3  I  (c).  H  (f). 
and  III  (6)  with  II  (</)  ). 

Having  now  obtained  the  period  of  oscillation  of  and  the 
limiting  shapes  assumed  by  M.M.F.  waves  of  three-  and 
six-phase  and  of  two-  and  four-phase  windings,  it  will  be 
of  interest  if  we  now  observe  the  shapes  assumed  by  the 
waves  in  these  two  cases  during  the  transition  from  one 
limiting  form  to  the  other.  For  this  purpose,  Figs.  6  and 
7  have  been  prepared  to  show  the  various  shapes  passed 
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Fig.  9. — The  deviation  from  exact  synchronism  of  the  speed  of 
the  zero  point  of  the  M.M.F.  wave  produced  by  a  uuifonnly 
distributed  3-phase  winding  with  full-pitch  coils. 

{a)  The  actual  space-angle,  Ooi  moved  through  by  the  zero 
point  of  the  wave. 

(b]  The  deviation,  80  -  '"  ',  of  the  actual  motion  from  syn- 
chronism. 


through  by  the  M.M.F.  waves  ;  and  the  author  is  of  the 
belief  that  the  results  which  they  present  are  quite  original. 
Since  the  wave  of  the  M.M.F.  is  a  function  of  two  variables, 
namely,  time  i  and  space  9,  the  use  of  a  three-dimensional 
model  *  to  represent  it  will  be  obvious  ;  and  Fig.  8  is 
an  isometric  drawing  of  such  a  model  for  a  three-phase 

*  Similar  models  are  employed  in  tlie  study  of  crystallography  and 
solid  geometry,  and  form  excellent  subjects  for  stereoscopic  photo- 
graphy. 
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M.M.I-".  wave.  The  value  of  the  M.M.K.  at  any  value  of  8 
and  /  is  given  by  the  height  of  the  model  from  the  ground- 
pl.ine  at  that  point,  and  a  model  of  this  kind  has  been 
actually  con>tructcd  by  means  of  intersecting  cardboard 
waves  drawn  for  \-arious  values  of  ('constant  and  /constant  ; 
■"  1    of    waves   l>eing    clearly    sine    waves 

;notivc  force  of  a  ph.ise  pulsates  sinu- 
soiUjlly.  cultiiig  llie  second  system  at  right  angles.' 
In  Section  2  I  (i)  we  pointed  out  that  the  wave  of  M.M.F. 
g  at  an  irregular  speed,  and  Figs.  9  (a)  and  (ft) 
xd  to  illustrate  the  point  for  tlie  case  of  a  three- 
phase  M  M.F.  wave.  By  studying  the  motion  of  the  zero 
pouil  of  the  wave  (sec  Figs.  7  and  S)  throughout  one-sixth 
of  a  period  it  is  easy  to  calculate  the  distance  progressed 
thereby  for  a  known  value  of  «. /,  and  from  the  figures 
obtained  Fig  9  has  Ix-en  prepared.  The  inclined  straight 
line  in  Fig.  9  (<i)  shows  how  far  the  wave  would  have  gone 
had  its  speed  been  strictly  uniform.  The  curve  gives  the 
actual  movement  of  the  wave,  which  is  seen  to  be  lagging 
behind  the  synchronous  position  in  the  first  l/i2lh  of  a 
period  and  leading  ahead  of  it  in  the  second  i/i2lh  period. 
The  difference  between  the  line  and  the  curve  obviously 
represents  the  deviation  of  the  motion  of  the  wave  from 
true  synchronism  and  is  shown  in  Fig.  9  (6). 

By  a  timilar  process  of  analysis  similar  results  can  be 
proved  for  a  two-phase  M.M.I",  wave,  but  they  need  not 
be  given  here. 

4.  The  Effect  of  the  Conckxtkatiox  of  thk  Coii^ 
IS-  Slotted  Armatures  ipon  the  Shape  uf  the 
M  M  F.  Wave  iji'e  to  Sinusoidal  Phase  Currents 
(Full-pitch  Coii-s). 

In  all  our  preceding  work  (Section  3)  we  have  assumed 
that  the  windings  of  the  phases  were  perfectly  unifornily 
spread  out  over  the  phase-band,  the  conductors  being 
strictly  contiguous  and  forming  a  current  sheet  of  breadth 
equal  to  the  phase-spread.  Then,  by  assuming  that  the 
phases  were  supplied  with  sinusoidal  currents,  we  have 
seen  how  to  determine  at  any  instant  of  time  the  distribu- 
tion of  magnetomotive  force  around  the  periphery  of  the 
armature.  But  in  practice,  armature  windings  are  built 
up  of  coils  whose  sides  are  accommodated  in  slots  arranged 
at  iuilablc  regular  intervals  around  the  circumference  of 
the  armature  core  ;  and  this  new  grouping  of  the  con- 
<lucl'>rs  will  have  a  profound  effect  on  the  shape  of  the 
M  M.F.  wave  due  to  each  phase,  and  therefore  on  that  due 
to  Ihc  whole  winding.  Both  these  M.M.F.  waves  will 
now  be  represented  by  stepped  curves,  instead  of  by  the 
»mooth  geometrical  shapes  obl.iining  when  Ihc  slot  effect 
>  111.     Our  present  object  is  therefore  to  lind  Uie 

•  the  M.M.F.  wave  due  to  a  winding  carrying 

wiiuw^iJjl  currcnU  when  the  coiU  arc  accommodiiled  in 


I 

I. 

1 


aikI  iiIx- 
••  o( 

lull 

If  at 

•  t  IIk'  riNl, 

i>  longllu- 

.    ..,,...    .,.,..,,  i,,.     ,,.,n   in  cr;icI 

rwn-Bncnl  al  ilu  M.M.F.  wa\T.  cImhkIxk  IU  klup* 


slots  ;  and  we  shall  assume  that  the  coils  composing  the 
armature  winding  have  a  span  of  a  full  pole-pitch.  As 
thus  stated,  the  whole  problem  consists  of  a  re-determin- 
ation of  B,  for  any  type  of  slotted  armature  with  full-pitch 
coils  :  and  we  can  readily  attack  it  by  dealing  first  with 
single-layer  wiiuiings,  since  the  other  cases  readily  follow 
therefrom,  as  we  have  seen  in  Section  3. 

I.  Sin)il(-laycr  vnndingi  uith  full-ftkh  cctls. — It  h.is  been 
shown  *  that  a  single-layer  winding  having  a  wliole  number 
of  slots  per  pole,  Q,  can  be  imagined  to  consist  of  coils  of 
constant  span,^  generally  a  full-pitch.  In  Fig.  10  a  single- 
layer  winding  having  a  whole  numtter  of  slots  per  pole,  y 
and  an  integral  number  of  slots  per  pole  and  phase,  q,  is 
shown,  the  actu.il  coils  of  a  phase  being  equivalent  to  the 
full-pilch  coils  A  A.  B  B,  C  C.  The  M.M.F.  wave  for  each 
coil  is  shown,  the  phase  M.M.F.  which  they  produce  being 


A+D<5 


Fig.  10. — The  puKiting  wave  of  M.M.F.  produced  by  one 
phase  i>f  a  single-layer  winding  whote  full-pitch  coils  are 
accninmodated  m  slots  {q  =  3,  y  =  9). 

drawn  in  the  lower  part  of  the  figure  by  adding  the 
M.M.F.  waves  of  the  individual  coils.  Let  there  be  T, 
turns  in  a  coil,  and  as  before  let  I  be  the  U.M.S.  current 
per  phase  ;  then  clearly, 

V„^,=o^w  .  ^2i  .  qr.ll=z04ru'qlly/2.     .     (I7> 

since  T,  =  u'  =  number  of  conductors  |>cr  slot  carrying 
the  current  I.  This  equation  rcpLiccs  Equation  (io> 
above . 

Further,  let  y  =  angular  measure  of  slot  pilch  and 
xssangiilar  slot  width,;  then  since  the  M.M.F.  w.ivc  for 

•  Smith  ami  lUiitiUM..  ;.v.  nl ,  p  107  ;  alvi  S.  1'.  Smith,  y.'unwl 
t.E.K..  HJI7.  vol,  s<i,  p.  ij 

f  Tlic  valiK  ol  llili  coniUnt  •p.in  is  ir  wlicn  N  !•  ikM,  and 
ir(N —  I)  N   wticn  N  in  even. 

J  l(  llif  CMpjwr  <li>i«  iiiil  fKinpy  the  whole- »lot  wkIIIik  I»  llie 
nwlian  niiaiiutc  at  the  aimaluic  |<riiphcry  ol  Ihc  conducUit  widtli. 
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each  coil  is  a  pulsating  trapezium  in  wliich  ,t  =  x,  we  have 
on  inserting  this  value  in  Equation  (7)  and  taking  a  cosine 
law  of  current  variation, 


M.M.F.  of  first  coil  = 


8F,„ 


^Xl 


(    ■        ,     ■      X 

COS  w  /  ^  sni  9  sin  - 
I  2 

sin  3  9'  sin  (3 


+ 


^  +  ...} 


y  F 
M.M.F.  of  second  coil  =  ^^  cos  w  t 


I  sin  (9  — y) 


sin  3  (8— y)  sinj^xl^)   ^ 


I 


M.M.F.  of  third  coil : 


8F„ 


i-x? 


COS  <J  t 


i  sin  (0 — 2  >')sin  - 


sin3(9'— 2y)sin(3x/2)   ^ 


•! 


and  so  on,  so  that 


M.M.F  of  <;th  coil  =  SJjili!-  cos  w  /  5  sin  [_0'—{q—i)y]  sin  ^ 


+ 


sin  3  [9'—(q~i)  y]  sin  (3  x/2) 


+ 


...} 


Summing  these  expressions  for  the  q  coils  of  a  phase,  we 
have  as  the  equation  to  the  phase  M.M.F.  wave  referred  to 
O'  as  origin. 


8F, 


+ 


X  _  sin{qyl2) 
■  2  ■   sin  (y/2) 
sin  3  [9'— I  (1?— i)y]  sin  (3  x/2)     sin  (3  q  y/2) 


-!^  cos  w  /  j  sin  [9— i  (^— i)  y]  si 


sin  (3  y/2)        ■■■) 


If  we  now  transfer  the  origin  to  the  middle  of  the 
phase-band  by  putting  9^=9'  —  i(q—i)  y.  we  have  referred 
to  the  usual  origin,  O, 

Phase  M.M.F 


-  cos  <u  / 


T^X 


,\  '  •       ,,     sin  (/I) 

>    sm  11  9  .  ^        -       .     ,       ,  , 

/   I  "  9sm(;iy/2) 

n  =  x 

8  Fmai      1      ,\  ' ,     sin  («  y/2)    . 

_  max  cot  U)  /    >      f.,  „  /      '  sm  H  e. 


where  f,,,,,  =  sin  (^  «  i;  y)/?  sin  (J  ;;  y)  =  the  distribution 
factor  of  the  nth  harmonic  for  q  coils  in  series,  tables  for 
which  have  been  calculated  and  published. "■■ 

From  this  result  we  have  at  once  the  coefficient  in  the 
Fourier's  series, 

8  F„.„  J,     sin  (11  x/2) 


B„  =  - 


'-A. 


(18) 


in  which  the  value  of  F„,.„  is  given  by  Equation  (17). 
When  the  slotting  is  known,  B„  is  determined  and  the 
values  so  obtained  must  be  used  in  deducing  the  equations 
corresponding  to  Equations  (11),  (12),  (13),  and  (14),  taking 
account  of  slotting.  Thus,  to  determine  the  effect  of  the 
slots  on  the  shape  of  the  M.M.F.  wave,  it  is  only  necessary 
to  employ  the  value  of    B„  appropriate  to  the  case  under 

'  S.  p.  Smith  and  R.  S.  H.  Bollding,  loc.  cit.,  T.->bIc  3  ;   also  B. 
Uagve  :  Electrician,  1917,  vol.  77.  p   766,  Tabic  I. 

Vol.  54. 


consideration  by  using  Equation  (18)  instead  of  Table  i.* 
All  our  previous  principles  hold  good,  and  the  properties 
of  the  M.M.F.  wave  will  clearly  be  unaffected  by  the 
slotting.  The  shape  of  the  wave,  however,  will  be 
exceedingly  modified  thereby,  in  virtue  of  the  peculiar  law 
which  B,:  now  follows,  and  as  in  the  pressure  wave  of  an 
alternator  certain  harmonics  will  be  reinforced,  namely 
those  of  order  2  u'  Q  ±  i.  Due  to  the  appearance  of  these 
tooth  ripples,  and  to  the  considerable  diminution  of  some 
harmonics  and  relative  augmentation  of  others,  the  steps 
to  which  we  have  already  directed  attention  appear  in  the 
M.M.F.  waves.  An  actual  example  will  be  worked  out  in 
the  third  part  of  the  present  section. 

II.  Double-layer  u'indiiigi  with  full-pitch  coils. — In  dealing 
with  double-layer  closed  windings  we  saw  that,  with  the 
exception  of  one  case,  the  M.M.F.  wave  equation  could  be 
directl)'  deduced  from  that  of  the  single-layer  winding 
with  the  same  phase-spread.     It  will  be  clear  that  the  fact 


Fig.  II. — The  pulsating  wave  of  M.M.F.  produced  by  one 
phase  of  a  closed  double-layer  winding  whose  full-pitch 
coils  are  accommodated  in  slots  (Q  =  9). 

that  the  coils  are  embedded  in  slots  will  in  no  wise  affect 
this  result  ;  but  the  form  for  F^ax  can  be  written  rather 
more  conveniently  for  double-layer  windings  in  the  follow- 
ing way  : — 

Referring  to  Fig.  11,  where  the  coil-sides  of  one  phase  in 
a  closed  winding  are  shown,  it  is  clear  that  the  actual  coils 
II,  22,  33,  etc.,  of  the  winding  can  be  regarded  as  being 
the  coils  of  a  single-layer  winding  with  full-pitch  coils  each 
containing  J  u  T-  turns,  u  being  the  number  of  coil-sides 
per  slot  in  the  double-layer  winding  and  T^  the  number  of 
turns  per  coil.  Thus  we  can  replace  n'  in  Equation  (17) 
by  ti  Tf/2.  Further,  since  there  are  2  Q/N  slots  in  the 
phase-band,  replacing  q  by  2  Q  N  gives 

„        8  Fn,ax  f         sin  (n  v/2)  '  ,     , 

B,..  =  ^^/.aN.,. -, ....    (19) 

•  It  should  be  noticed  in  passing  that  the  equation  tor  the  phase 
M.M.F.  just  proved  also  holds  for  the  M.M.F.  wave  of  a  turbo  rotor 
by  making  w  =  o  and  interpreting  i^  as  the  number  of  wound  slots 
per  pole. 

a3 
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from  Equation  <  i  ^ 
becoming 


the  value  of  f„^,  from  Equation  (17) 


v/2X 


(20) 


For  dosed  double-layer  windings  with  two.  four,  or  six 
cc}uuii>unt  tappings  the  M.M.F.  equation  is  the  same  as 
for  >inglc-layer  windings  with  one,  two.  or  three  phases 
and  the  same  phase-spread  as  we  showed  in  Section  3  1 1 . 
There  is  one  unique  case,  namely,  the  closed  winding 
ha\-ing  three  tappings  2  »/3  radians  apart,  which  cannot 
be  deduced  from  the  equation  derived  for  a  single-layer 
winding  since  it  is  not  usual  to  have  such  a  winding  with  a 
phasc-*prcad  of  2  ir/3.  For  this  case  the  coefficients  must 
be  calculated  ab  initio  using  the  tabulated  values  *  ot 
r,^\  .  and  Equations  ■  H))  and  {201;  and  emplojing  the 
principles  laid  down  in  Section  3  II  (ifV 

Obviously,  the  case  of  the  opened  double-layer  winding 
foUon-s  at  once  from  that  of  the  closed  double-layer 
winding  with  the  same  value  of  <r,  as  pointed  out  in 
Section  3  III. 

III.  ///us/ra/jw  «am//<r.— Having  now  deduced  the  form 
assumed  by  the  Fourier  coefficients,  B„  necessary  in  all 
cases  to  take  account  of  the  effect  of  the  slots,  and  having 
shown  that  the  principles  laid  down  for  the  deduction  of 
the  equation  to  the  M.M.F.  wave  of  a  uniformly  distributed 
uinding  remain  valid  when  the  coils  are  accommodated 
m  Jots,  we  can  proceed  to  illustrate  our  results  by  an 
actual  example.  .\s  the  necessary  correction  depends  on 
the  value  of  Q,  it  will  be  apparent  that  only  specific  cases 
of  windings  can  be  considered,  and  the  following  illus- 
trative example  has  been  worked  out  in  order  to  show  the 
methcd  of  attacking  the  problem  of  finding  the  equation  to 
the  M.M.F.  wa%'e  of  a  practical  armature  winding  com- 
poM.-d  of  full-pitch  coils  carrying  sinusoidal  please  currents. 


The  value  of  F„.  found  from  Equation  (17)  is 


v' 


r  •3"  I- 


Xow  :  =  uQ  =  gu,  so  that  F„^  =  « ■*  !l£i  .  '  =  ^^  si„ce 

•^2  3         3' 

K  =  04  r  :  I  ^2  ;  so  that  finally 

"■  —  ir^.  •  -  ■/,.•  sin  (n  ir/36). 

Following   the  principles  of   Section  3  I  (c)  we  readily 
find 

F  =  'i'^  ■  ^[00836 sin (e-«/)  +  °:^1« sin (59+^f) 

-•'•psinlye— 0-°-^sin(n«-H«0 

+  °i^sinu3«-0  +  "5p?sin(,79.H-0 

-f^  ""^  sin  (,9«-/)  +  °-^  sin  (239+.,) 

-«-:l^^in(25fl— 0-"^|ysin(2<^-^-0 

+    '^  sin  (319-^1)+-^  sin  (359+-/) 


o-o8-<6   . 

-  — 'r-  sm  ( 
j7 


37«-«0...] 


as  the  equation   to   the    M.M.F.   wave   up    to    the    37tl> 
harmonic. 

Comparing  this  equation  with  Equation  (14)  we  find  the 
following  relation  between  the  coefficients,  omitting  the 
common  factor    K  ;r-"i: — 


n  s=  order  of 

tiarmonic  ... 

' 

5 

7 

II 

13 

'7 

•9 

2j 

25 

29 

31 

35 

37 

I'niformly 
distributed 

iS 

18 

5' 

18 

r 

18 
II' 

iK 
'3' 

iS 
•7' 

18 
«9' 

18 
25' 

18 

25' 

18 
29' 

18 

3'" 

18 

35' 

18 

37' 

Slotted,  y  =  3 

iS"07 

iq>4 

5' 

_3'  3> 

I  f 

42-6 
'3' 

200 
•7' 

200 
19' 

426 

3"\VS 

25' 

21-9 
29'" 

1984 
3«' 

1807 
35' 

1807 
37* 

Ratio 

1004 

I  102 

I-2I7 

'74 

236 

III 

—  1 11 

-2-3^, 

-'■74 

-I-2I7 

—  1102 

—  1004 

— 1004 

For  this  purpose  we  shall  consider  in  detail  the  case  of  the 

normal  three-phase  single-layer  winding  having  3  slots  per 

pole  and  phase. 

Three- fhase  iingle-layer  u-indmg  with  3  j/c/s  f-er  pole  and 

^Afl.'f.— Consider  the  thrc  ngle-layer  winding  for 

which  we  have  deduced   )  141  on  the  3^•illmption 

'  :iily  di>liibutcd.     \Vc  sh.ill  now 

'  Ills  in  that  equation  in  order  to 

:t  of  a   slotting  commonly  employed 

"'    .  '  y  =  3  and    O  =  \  (/ =  9,    leading    to 

f^w't),     Av%uming    for    our    present   purpose   that   the 

copper  width  occupies  one-half   the   »lot -pitch,  we  shall 

have  j;  ™  7/2  «  »/i8.     Inserting  this  in  Equation  (18)  gives 

M   _  "44  F~.  ,     »in  (n  ir/36) 
»•  -       ^  -  ',  .  — v^ -• 

f.   BUttTHiam,  lot    m.  Tabic  III  (ur  value*  of /igtv.  • 


From  this  tabulation  it  appears  that  the  general  effect 
of  the  slotting  is  to  increase  the  amplitudes  of  the  har- 
monics over  the  v.ilucs  obtaining  for  an  unslotted  armature 
with  the  same  phase  current  and  the  conductors  uniformly 
distributed.  This  augmentation  of  the  size  of  the  har- 
monics is  p.irliciil.irly  notice.iblc  in  the  case  of  harmonics 
of  the  order  «  =  2a'y±  1.  the  tooth  ripple.  Those  har- 
monics for  which  :c  is  odd  (e.g.  17th  and  19th)  arc  aug- 
mented more  than  1 1  times  ;  whilst  those  for  which  xt  is 
even  (e.g.  35II1  and  37fh)  have  an  augmentation  only  as 
great  as  that  of  the  fundamental.  The  net  effect  of  this 
change  in  the  relative  size  of  the  harmonics  is  the  appear- 
ance of  the  steps  upon  the  M.M.F.  wave  as  is  shown  in 
Fig.  12.  The  shapes  shown  therein  should  be  compared 
with  those  in  Fig.  4  for  the  purpose  of  obtaining  an  idea  of 
the  effect  of  the  slotting  on  the  peripheral  distribution  of 
M.M.F. 
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5.  The  Effect  of  the  Coil-span  on  the  Shape  of 
THE  M.M.F.  Wave  of  a  Polyphase  Winding 
CARRYING  Sinusoidal  Currents. 

All  the  preceding  sections  have  been  based  on  the 
assumption  that  the  armature  winding  consisted  of  coils 
whose  span  was  a  full  pole-pitch  of  ir  radians ;  but  as  the 
coil-span  can  have  values  other  than  this,  we  must  now 
devote  a  little  attention  to  the  consideration  of  its  effect 
on  the  shape  of  the  M.M.F.  wave. 

It  is  easy  to  verify  -'■  that  in  a  symmetrical  single-layer 
winding  with  an  even  number  of  phases,  the  equivalent 
constant  coil-span  is  (N  —  i)/N  times  a  full  pitch. 
Another  important  case  is  that  of  a  single-layer  winding 
with  an  odd  number  of  slots  per  pole-pair,  the  coil-span 
being  in  this  instance  an  odd  number  of  half  slot-pitches 
less  than  a  pole-pitch.  Then,  again,  there  is  a  large  class 
of  windings  in  which  the  coil-span  is  shortened  by  a  slot- 
pitch  ;  such,  for  example,  as  the  windings   proposed   by 


in  the  coils  of  both  (a)  and  (6)  are  drawn  superposed,  the 
difference  between  the  two  waves  being  indicated  by 
the  shaded  area.  Plotting  the  difference  between  the 
waves,  Fig.  13  {d),  shows  that  the  effect  of  shortening 
the  pitch  is  to  remove  an  area  from  the  positive  half-wave 
and  to  add  an  equal  area  to  the  negative  half-wave. 
Assuming  the  waves  in  Fig.  13  (c)  to  be  of  unit  height  it 
is  easy  to  prove  that  the  Fourier's  series  for  the  difference 

between  them  is  a'„  +  2  a'„  cos  nO  +  l,  fej,  sin  n  9  where 
«1=  — e/T 


Fig.  12. — The  shapes  of  M.M.F.  wave  due  to  a  symmetrical 
3-phase,  single-layer  winding  with  full-pitch  coils  accommo- 
dated in  slots  {q  =  3,  Q  =  9).  Compare  with  the  shapes 
shown  in  Fig.  4. 

Professor  Miles  Walker  for  the  armatures  of  rotary  con- 
verters.    These  and  many  other  cases  will  no  doubt  occur    i 
immediately  to  the  mind  of  the  reader  ;  and  so  having 
seen  the  scope  of  the  problem  before   us,  we  must  now 
endeavour  to  find  its  solution. 

It  will  be  clear  that  whatever  case  of  short-pitch  coils 
we  may  consider,  much  light  can  be  thrown  on  the 
problem  by  investigating  the  case  of  a  winding  consisting 
of  cuiTcnt  she  ;ts  of  angular  breadth  o-,  the  pitch  of  the 
sheet;-  being  less  than  a  pole-pitch  by  an  angular  deviation, 
£.  In  Fig.  13  (a)  such  current  sheets  are  shown,  and  for 
sake  of  fixing  our  ideas  we  may  imagine  them  to  be  the 
phase-bands  of  a  short-pitch  single-layer  winding.  The 
correctness  of  the  various  angles  represented  in  the  diagram 
will  then  be  apparent.  In  Fig.  13  (b)  current  sheets  of 
the  same  phase-spread  and  a  full-pitch  coil  span  are  shown  ; 
whilst  in  Fig.  13  (c)  the  M.M.F.  waves  for  the  same  current 
•  S.  P.  Smith,  ^^oiinxW  I.E.E.,  1917,  vol.  55,  p.  23. 


-  sin  n  ~  cos  n  -  sin  ;;  - 
222 


8(— I)"   .        ff 

sin  n  -  r. 

If  a  11"  2 


"v/(i-/:,„) 


K21) 


,    ,,         8(— I)"     .     ,       E      .  , 

and  0  ,=-^ sin-  n  --  sin  n  - 

van'  2  : 


sin  n-  (i—f-  ,,) 

wan"  2        ■'■:."'/ 


In  this  series,  representing  Fig.  13  [cf),  n  has  all  odd  and 
even  integral  values,  and  /.,  n  =  cos  (n  e/2)  =  the  coil-span 


FiG.  13. — The  pulsating  wave  of  JI..M.F.  produced  by  current 
sheets  of  phase-spread  a,  and  whose  pitch  is  less  than  a 
pole-pitch  by  an  angular  deviation,  t. 

(ii)  Current  sheets  with  spread  a  and  pitch  tt  —  t . 

|6)  „  >.  „  „         ^■ 

(c)   M.M.F.  waves  produced  by  the  same  current  in  (a) 

and  (b). 
(rf)  Difference  between  the  M.M.F.  due  to  [a)  and  that 

due  to  (6),  (a)  -  (b). 

factor   of   the   «th   harmonic."     The   origin   is   at  O,  the 
middle  of  the  phase-band. 

Briefly  summarized,  we  see  that  the  effect  of  altering 
the  coil-span  is  to  superpose  on  the  odd  M.M.F.  harmonics 
which  would  be  present  with  full-pitch  coils,  other  har- 
monics of  odd  and  even  orders  derived  from  Equation  (21). 
Thus,  the  procedure  of  finding  the  M.M.F.  equation  for  a 
given  winding  with  short-span  coils  would  consist  of 
writing  down  at  once  the  equation  to  the  wave  on  the 
assumption  that  the  coils  had  a  span  of  a  full-pitch  and 
adding  thereto  the  additional  harmonics  arising  out  of  the 
value  of  the  angular  deviation  i.  We  shall  therefore 
consider  these  distorting  harmonics  in  greater  detail  in 
order  to  demonstrate  the  manner  of  taking  them  into 
account. 

•  See  S.  P.  Smith  and  R.  S.  H.  Boulding,  loc.  at. 
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HAGL'E:    THE    MATHEMATICAL   TREATMENT   OF 


I.  Tht  delermtnalion  of  the  addtltonal  harmonics  introduced 

int.    !h(  (^Uiilic-n  to  the  teare  cf  magndoniotive  force  as  the 

rciul!   .'   liliinng  the  coil-span. — Following   the    methods 

^.  the  effect  of  the  additional  harmonics  in  the 

■  K  upon  the  M.M.K.  wave  of  the  whole  winding 

.  rl  in  a  simple  fashion.     A>  in  that  section. 

1  .  ^      It  the  middle  of  the  phase-band  of  Phase  I 

and  assume  cosine  law  for  the  currents.    Then  it  will  be 

clear  that  the  M.M.F.  of  the  additional  harmonics  in  the 

mth  phase  is 

F„  =  FmuO0i[ml—(m—i)a]ia„+'S.\ci'„coiii[9—{m—i),i] 

+  ^, sin  »  [e  —  (m  —  i) ,J '   > 

where  a  .  a„  and  6„  arc  taken  to  have  a  general  meaning, 
I  >  the  form  given  in  Equation  (21)  for  a  uniformly 

ci. ;-.l   winding,   but    having    a    somewhat   different 

form  when  slotting  is  taken  into  account,  as  we  shall  do 
presently. 

Then,  remembering  that  o  =  .3  in  practice,  the  M.M.K. 
of  the  additional  harmonics  due  to  the  whole  winding  is 
■»  =  X 

V  =  F-..V  rcos[-/— (w— i\,r 

|«„+2(<i^cosi/[«— (HI  — I  ,5^  +  ^,>in/;^«— iiM  — I  !^    )      j 

or  by  a  transformation 
».  *  \ 

."  +Sflsin  \n[0—(m—i),i 


] 


where  ( '_;  =  a;  =  h'^'  and  tan  ;  =  a'jh',. 
The  effect  of  the  constant  term  is  clearlv 


,   sin    N 


'       Ml)   I 

and  of  the  nth  liarmonic 

t,=^¥^,'\^f^tn{n9+mt—l.m—i)(,n  +  ufi  +  :] 

+  sin  ;  Hrt — «/  — (m  — !)(«  — ii,J  +  ;j  J 

analogou*  to  Equation  (jt). 

aih).  f'  =  f  +  i  f;  (jS) 

where  ■  ha»  all  poOlivr  iiitrgral  value* 


11  ,i  =  jir  N  in 
Utiiicm  harmonica  for  »ym- 
<  ail  he  found. 


Since  sin  ^  N  .i  =  sin  i  N  .  aWN  =  o  it  follows  that  the 
pulsating  term  F,  vanishes,  and  hence  the  M.M.F.  wave  of 
a  short-span  symmetrical  winding  is  symmetrical  about 
the  axis  of  9.  i.e.  the  positive  and  negative  half-waves  are 
equal  in  area.  They  cannot  be  simil.ir  in  shape  if  even 
harmonics  are  present. 

Two  cases  arise  in  dc.iling  with  the  nth  harmonic, 
namely,  when  n  is  odd  and  when  it  is  even.  Considering 
lirst  the  case  when  n  is  odd,  we  have  by  direct  analog)' 
with  Equation  (51, 

(ul  If  H  is  an  odd  multiple  of  X  when  N  is  odd,  or  of  N/a  ' 
when  N'/J  is  odd  : — 

F,',  =0 (26al 

(6)  If  II  ^  2  kS  —  1,  when  X  is  odd  or  even  : — 

K.  =  J  N'C„sin(ne  +  u</ +  :) (266)' 

(c)   If  </  =  2  it  N  -J-  I .  and  N  is  odd  or  even  : — 

F.,  =  1  N  C»sin(ii#  — w/ +  ;)      .....     (a6<;) 
(J)  If  II  =  *  N  —  I,  and  X  is  even  : — 

F„  =(— I  )"^-"  J  XC.  sin  (««  +  .../  + .1      .     !2<i.i,i 
(t  I  If  II  =  Jt  N  +  I,  and  N  is  even  :— 

F„=(— i)""-"  J  XCsin  (no— ..,/  +  :)      .     (26^^ 

*  is  any  positive  integer. 

Hence,  the  additional  odd  harmonics  introduced  by 
shortening  the  coil-span  are  of  the  same  nature  as  those 
given  by  Equation  (5),  except  that  each  harmonic  has  a 
phase  angle  ;',  proportional  to  its  order.  That  is.  the 
effect  of  shortening  the  coil-span  may  be  looked  upon  as 
increasing  the  value  of  the  odd  sine  terms  which  would 
exist  were  the  coils  of  full  pitch,  and  providing  in  addition 
a  complete  series  of  cosine  terms  of  the  same  odd  orders. 

Turning  to  the  case  when  11  is  even,  write  11  ^  2  r,  where 
r  is  a  [Kisilive  integer.  Then  since  the  numerators  of  both 
terms  in  Equation  124)  always  vanish,  as  sin  J  X  (n  ±  l)fj 
=  sin  (II  ±  i)s-  =  o,  the  first  or  second  part  only  will  have 
finite  value  if  sin  (n  +  t1/J/2  or  sin  (11  —  1)  )J/2  is  zero  re- 
spectively.     For  the  first  possibility,*  sin  (n  +  i)l3l2  will 

2  r  +  I 
vanish  if  {n  +  i) )J/2  ^  — ^^ — -  r  =  it  s-,  or  2  r  +  1  ^k  S  ; 

leading  to  ;i  =  i  X  —  i.  F'or  the  second  possibility  to  be 
true  we  shall  find  11  ^  it  X  -f-  1.  Hence  the  existent  even 
harmonics  are  those  of  order  11  =  Jt  X  ±  i  ;  and  for  11  to  l>e 
even  it  is  clear  that  both  X  and  Jt  must  be  odd.  Applying 
this  to  Equation  (24)  we  get  for  even  values  of  n  : — 

(a)  If  n  =  *  X  —  I.  and  X  is  odd  :— 

F„  =  (—i)''^"JXC.sin  (II  9 +  .../  +  :)      .    ^7<») 
(h)  If  M  =  *  N  +  I,  and  N  is  odd  :— 

F,',  =  (-1)'"^-"  JNC.sin(<ifl-u,/+ :t     .    (27^) 

k  is  any  odd  integer  in  these  equations. 

From  these  restrictions,  or  at  once  from  Equation  (24}, 
it  follows  that 

(f)  If  n  is  an  even  multiple  of  X.  whether  X  be  odd  or 
even  : — 


F, 


(J/') 
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We  are  thus  led  to  classify  the  different  cases  which  we 
have  considered  according  to  the  value  of  X,  as  follows  : — 

(i)  In  a  symmetrical  polyphase  winding  with  an  even 
number  of  phases  and  short-span  coils,  the  effect  of 
shortening  the  span  is  to  add  to  the  odd  sine  harmonics 
which  would  be  present  in  the  M.M.F.  wave  if  the  coils 
spanned  a  full  pitch,  an  extra  series  of  sine  and  cosine 
harmonics  of  the  same  odd  orders  and  linear  speeds 
[c.f.  Equations  (Sfl)  to  (5^)  with  (2617)  to  (261;)].  Since  the 
M.M.F.  wave  in  such  a  case  contains  odd  harmonics  only 
it  follows  that  both  half-waves  will  be  of  similar  shape. 

(ii)  In  a  symmetrical  polyphase  winding  with  an  odd 
number  of  phases  and  short-span  coils,  the  effect  of 
sliortening  the  span  is  to  add  to  the  odd  sine  harmonics 
which  would  be  present  in  the  M.M.F.  wave  if  the  coils 
spanned  a  full  pitch,  an  extra  series  of  sine  and  cosine 
harmonics  of  the  same  odd  orders  and  linear  speeds 
[c.f.  Equations  (5a)  to  (se)  with  (2611)  to  (261;)],  together 
with  a  series  of  sine  and  cosine  terms  of  all  even  orders 
except  those  for  which  n  is  an  even  multiple  of  N  (Equa- 
tion 27(17) — (c)).  Since  the  M.M.F.  wave  in  this  case 
contains  even  terms,  it  follows  that  positive  and  negative 
half-waves  will  be  of  dissimilar  shape. 

(6)  SiiiipliJicatiLVis  for  hcinisynuiietrual  polyphase  sysleiiis, 

li  :=  tt/N. — Introducing  /3  =:  ;r/N  in  Equations  (23)  and  (24) 

leads  us  to  further  interesting  results. 

sin  (N  ,312)         sin  (!r/2)  i  .  ... 

' -  :3^  o,  so   that 


Now 


sin;(/3/2)  ~sin(5r/2N)  sin  (-/2  N) 
the  M.M.F.  wave  of  a  short-span  hemisymmetrical  winding 
contains  a  pulsatory  term  whose  value  at  every  part  of  the 
periphery  is  given  by 


F„„  a  /    ,       .\  - 1     7r\ 

F„  = "     coslu)/ ^) 

°      sin  (7r'2  N)         ^  2        ^V 


e'+rk) 


(28) 


sin  (7r/2  N) 

The  positive  and  negative  half-waves  will  be  of  unequal 
area,  since  owing  to  this  pulsating  term,  the  wave  will  be 
unsymmetrically  situated  about  the  axis  of  9. 

Considering,  as  before,  the  case  when  11  is  odd,  we  get 
by  comparison  of  Equations  (3)  and  (24)  the  following  cases 
corresponding  with  Equation  (6). 

(a)  If  n  is  an  odd  multiple  of  \,  when  N  is  odd: 

!•",  =  0 (29(7) 

(b)  If  /!  =  2  *  N  —  I,  and  X  is  odd  or  even  :— 

F;^  =  (—  i)'>^->  1  X  c„  sin  (,7  9  +  „  /  4-  :)    .     (2t)^) 

(c)  If  /(  =  2  k  X  +  I,  and  X  is  odd  or  even  :— 


f;,  =  (—  I )''>-■-"  1  X  c„  sin  (/I  9—  lu  /  4-  :) 


(29c) 


where  k  is  any  positive  integer  inclusive  of  zero. 

From  these  equations  it  appears  that  the  effect  of 
Siiortening  the  coil  span  in  a  hemisymmetrical  ft'inding  is  to 
add  to  the  odd  sine  harmonics  which  would  exist  in  the 
M.M.F.  wave  if  the  coils  had  a  full  span,  an  additional 
series  of  sine  and  cosine  harmonics  of  precisely  the  same 
odd  orders. 

For  the  case  when  n  is  even  the  analysis  is  not  so  simple, 
and,  referring  to  Equation  (24)  let  us  consider  the  value 


assumed  by  the  multiplying  factors  of  the  two  terms 
therein  when  n  is  an  even  number  and  /3  =  ?r/X.  Writing 
the  two  expressions  in  one  form,  we  have 


:(-!)*" 


sin  i  X  ()i  +  I )  (3 sin  (n  ±  1)  ttJi    

i        sin  (n  ±:  i)  /3/2        sin  (n  ±  i)  tt'z  N       sin  (h  ±  i)  t/z  N' 

since  )7  +  I  is  odd. 
Thus  both  terms  will  exist  independently  of  the  values'- 
i  of  n  and  N.  Furthermore,  the  factors  cannot  become 
infinite,  since  this  would  make  (;;  +  i)  Ws  N  =A  tt  or 
n^2*X  +  i,  which  is  clearly  not  an  even  number- 
Substituting  in  Equation   (24)  we  get 

(rf)  If  n  is  an  even  integer  and  X  is  odd  or  even, 


F.= 


C„(-i)i", 


f   .    ,      \     .    ..sinfltH-f.u/— '(;;  +  i)^-f  A 

Lsm(»-|-i)7r/2N      \  2    ^        'N      7 

».-iW/2N  sin(»9-W-^^  f„-i)^^+:^  j    (29,/) 


sin  ( 

Hence  the  even  harmonic  of  the  /;th  order  in  the  M.M.F. 
wave  of  a  hemisymmetrical  winding  with  short-span  coils, 
consists  of  two  moving  waves  of  unequal  amplitudes 
progressing  around  the  armature  periphery  in  opposite 
directions  at  i/;ith  of  synchronous  speed. 

This  peculiar  and  exceedingly  interesting  result  can  be 
viewed  from  a  rather  different  point  of  view  if  we  trans- 
form Equation  (29^)  in  the  following  way  : — 

An  expression  of  the  form  A  sin  \  -)-  B  sin  ^  can  be 
expressed  as 

A  sin  \  +  B  sin  ^  =  A  (sin  ,\  -|-  sin  ;i)  —  C  sin  ft 

=  2  A  sin  i  (X  -I-  /i)  cos  ^  (X  —  /O  —  C  sin  fi,. 

where  C  =  .\  —  B.  Applj'ing  this  theorem  to  Equation  (29^) 
gives 

g'_     CJ—i)i"      r„„,/   /      X  — I;r\   .    /         X  — i;/n-  ,    \ 
sm()7-|-i)n-/2NL       V  2     X^       I,  2     X  ^7 

sin(;i;r/2X)C0S7r/2X     .  ,      X  — I,  TT  aT 

^^ '—         --sm{,W-,ot — („_i)^+f)J 


sin(H  — I)7r/2X 


Thus  we  see  that  the  M.M.F.  of  the  Hth  harmonic  of 
even  order  can  be  conceived  as  consisting  of  tvi-o  separate 
parts,  as  follows  : — 

(i)  A  pulsating  sine  wave  of  wave-length  2\'ln  whose 
period  is  that  of  the  current  in  the  winding, 
T=  i//=2jr/w  ;  and 
(ii)  A  pure  rotating  wave  of  wave-length  2Y/«  moving  at 
i/(7th  of  synchronous  speed  in  the  same  direction 
as  the  fundamental. 

It  is  interesting  to  note,  in  passing,  the  following  peculi- 
arities of  the  even  harmonics  in  the  M.M.F.  wave  of  a 
hemisymmetrical  two-phase  winding  with  short-span  coils. 
Since  sin  (/;  7r/2  X)  =  sin  (i;  T/4')  ^o  when  n  is  an  even 
multiple  of  2,  it  follows  that  the  4th,  8th,  12th,  etc., 
harmonics  are  purely  pulsating  waves. 

II.  Deicrminaiion  of  c„  and  'i  for  uniformly  distributed 
windings. — Having  now  worked  out  the  general  effect  on 
the  M.M.F.  wave  of  a  winding  consequent  upon  altering 
the  coil-span,  we  must  turn  to  the  evaluation  of  c'„  and  i 
before   we   can  calculate  an    actual    example.     For   this 
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purpose  we   shall    first    consider    uniformly    distributed 

w  md  it  will  be  ob\ious  that  the  forms  of  a'.,  a., 

.11  in  Equation  (2i1  apply  at  once  without  any 

Cll.llljlc. 

Krom  Kquation  (21)  we  get  at  once 


.  =  %'  1  J.  +0=  -,-7;^,-  sin  1  ri  «  .  V  (I  -/.  ,1. 


I 


U30) 


*nd  tan  :=f;=^_,  .,=-«>•  "  ,=  '-  ("  ,  "  J  I 

Con'Mcrine  now  the  \-aluci  assumed  by  these  quantities 
for  p-  -cs.  wc  meet  with  the  following  results  :  — 

(i)   ^  ,1/  ungU-laycr  unii1i>ii<  \iilh  an  nen  number 

of  f-haies.—We  have  pointed  out  that  the  coil-span  in  such 
a  winding  is  x  i  \  —  1 1  N   -o  lh.it  1  =  r  N.  leading  to 

/.,  =  Cos^^.  ;  N/tl— ./.:„)  =s«n^,;  and  .  =  (^^.  — i  j  ^ 

Remembering  that  no  even  harmonic  can  exist  in  the 

M.M.K.  wave   of   a   symmetrical    winding   with   an   even 

nnniSer  of  phases  and  bhort-span  coils,  we  can  tabulate 

.■  quantities  for  four-phase  and  six-pha>c  windings 

i  dd  values  of  n. 


that  all  the  slots  were  wound  with  coils,  but  in  the  present 
instance  that  assumption  may  or  may  not  be  true,  since  a 
short  coil-span  is  often  obtained  in  practice  by  the  use  of 
empty  slol>.  In  order  to  cover  this  possibility,  let  1;  be 
the  number  of  wound  slots  in  the  phase-band  ;  then  it  will 
be  clear  that  the  additional  harmonics  introduced  into  the 
M.M.K.  wave  by  shortening  the  span  will  be  for  the  sth 
coil  of  the  first  phase. 


"[-,*!: 


8(  — 1)"    .    nx 
— ;—   sm 
«■  n=  X  2 


v/(i-C„t 


X  sin   \n[9  —  o  —  1  1 


)J  -t- 


-] 


this  expression  following  at  once  from  Equations  (22)  and 
(30).     By  the  method  of  Section  4,  summing  this  expres- 
sion for  the  total  number  g  of  coils  in  the  phase-band  and  . 
referring  the  wave  to  the  middle  of  the  phase-band  where 
e  =  e'— i(«/  - 1)  r.  gives 

F      « 
M.M.K.  wave  of  first  phase  = —'—  cost./ 

.SFnu.cosw/X    V— i')"   .    nx       ,,        /.    ./■        •    /  fl  1  »i 

+  — — >   -=r-sm  ,*  .  v/( I— ./T. ■)/«.«  sm(ne-»-:l 

« V  /     *    "  2 

similar  to  an  equation  in  Section  4. 


Table  4. 

I'.j/ii^  ot  ll.t   CoiI-'-f-iin  Factor,  clc,  for  Symmelrical  SingU-lavcr  Windingi  uilli  an  Even  Sinnbtr  of  Pliaid 

and  Coils  of  Span  =  jr  (N  —  l)/N. 


, 

,/8 

3 

3T« 

S 

5x8 

7 

7r  > 

9 

9x,>. 

II 

II  »« 

«3 

13x8 

«S 

ISxH 

«7 

17x8 

19 

19x8 

21 

21  x« 

23 

* 

K-4 


/•." 


0*92 10 

—  o?''-7 

—  o  v:  ;v 

—  oi<.:-,v 

—  o;,^.^7 

0.J.S27 

—  0-3H27 

—  0-9239 


%/(«-./;%)  '     t 


0-3827 

092  ig 

...■;S- 

-0  3J<.'7 

-  oi)2yi 
-o'92';i> 

-  0-3827 
03827 
09239 
092  v» 
o;,S27 


-3x8 

—  r  8 

T   8 

3«->* 
5'8 
7  X  8 
9X/8 

II    TT    8 
13x8 

17X/8 
19  x/8 


X  12 

»;'4 
5x12 
7  X  12 

3'^4 
11x12 
!■?  XI2 

5''4 

17  X   12 

I9X   12 

7x4 

23»/ia 


09659 

0-7071 

0-2^NS 
-0-2588 
-0-7071 

-  o-9'»59 

-  0-9659 

-  0-7071 

-  0-2588 
0-2588 
0-7071 
o-965<) 


=  6 

>/('-/.%) 

) 

0-2588 

—  5»ia 

0-7071 

—  x4 

09659 

—  X  12 

o-(/)^9 

X  12 

07071 

»  4 

0-2588 

Sx  12 

—  0-2588 

7x  12 

—  0-7071 

3  f  4 

—  0-9659 

II  X  12 

—  o-./>59 

13  X  12 

-0-7071 

5W4 

-0-2588 

i7ir/ia 

ing 


II 


•  -  'St,  all  olher  short-span  uniformly  dis- 

.ic,  in  the  nature  of  things,  dependent 

.1  arbitrary  value  for  i.     That  this  must 

■.^  i^  when  wc  remember  that  all  the  other 

which  wc  have  mentioned  involve  reference  to  the 

pitch,  a  term  which  has  clearly  no  meaning  in  a  wind- 

conipoicd   of   contiguous   current   »hects.     We  must 

•'   --  '  ■  '  "      form  for  the  coefficient  (,  and  C  when 

atratcd  in  slol>.     The  value  of  •  is  then 

tmt  i»  a  function  of  the  ••lotting. 

I  ■.  .1^  <•_  anii  C  for  a  u-tnimi;  in  uhiih  the 

The  effect  of  concentrating 

ling  into  •.lott  in  the  armatiirr 

-.Tied  in  the  manner  employed  for 

:.  .:i  4.     In  that  section  wc  assumed 


Following  from  this  wc  have  for  the  coelTicicnts,  a„  =—  ^  ; 
and 

:  8( — iC't,  ,       sin  n  v/2    ., 

analogous  to  Equation  {18).  Also  from  obvious  considera- 
tion'-, 

Csarit/J  — x/2 (31M 

The  value  of  F„,..  is  conveniently  calculated  for  single- 
layer  windings  from  Equation  1171  and  for  double-layer 
windings  from   Equation  (201. 

Owing  to  the  specific  nature  assumed  by  our  problem 
we  can  now  do  no  more  than  point  out  the  various  values 
attained  by  t  in  the  case*  arising  in  practice. 


THE   MAGNETOMOTIVE    FORCE   OF   ARMATURE   WINDINGS. 
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(i)  Single-layer  winding  with  a  even  number  of  phases  and 
a  symmetrical  system  of  currents. — We  have  just  considered 
the  values  of  e  and  ;  in  this  case  when  deaUng  with  uni- 
formly distributed  windings  in  the  preceding  subsection 
and  so  need  not  discuss  the  matter  here.  Suffice  it  to 
point  out  that  Equation  (31)  must  of  course  be  used, 
remembering  that  it  is  common  practice  to  wind  the 
■whole  of  the  slots  in  such  a  winding,  so  that  q,  =  q  =  O/N- 

(ii)  Single-layer  winding  with  an  odd  number  of  slots  per 
folc-pair. — If  the  number  of  slots  per  pole-pair  in  a 
machine  be  odd  it  w-ill  be  clear  that  the  number  of  slots 
per  pole,  Q,  will  be  an  integer  -(-  \.  Hence  if  the  coil- 
span  be  Qo  slot-pitches,  we  have  since  Q  y  =  t, 
<^  =  jr  —  Qo  y  =  (Q  —  Q:)  y  =  an  odd  number  of  half-slot- 
pitches  =:  X  y/2,  where  x  is  odd.     Thus, 

f^^  „  =  cos  («.vy/4)=cos  (;i.V7r/4Q)  ;  and  ;'=[(«  v/2  Q) — i]  \  -n 

It  will  be  obvious  that  /e,  „  vanishes  for  values  of  n  which 
are  odd  multiples  of  2  Q,  and  becomes  equal  to  ±  i  for 
even  multiples.  Now,  since  ^/(i—/^,  ,i)  =  sin  (he/2)  it  follows 
that  C„  =0  when/j,  u  =  ±  i,  and  so  in  any  case  in  which 
it  is  possible  for  the  shortening  of  the  coil-span  to  introduce 
even  harmonics  into  the  M.M.F.  wave,  those  even  terms 
whose  order  is  an  even  multiple  of  2  Q  will  vanish  from  the 
wave. 

(iii)  A  winding  with  the  coil-span  equal  to  w  —  y. — The 
case  of  a  winding  in  which  the  coil-span  is  a  slot-pitch  less 
than  a  pole-pitch  arises  fairly  frequently  in  practice  in  such 
examples  as  the  "  mush  "  winding  and  the  closed  commu- 
tator windings  used  for  rotary  converters.  For  such  cases, 
€  =  y  and   therefore   f,.  „  —  cos  (»  7/2)  =  cos  (n  ttJi  Q)  and 

^  =  [("/Q)-i]iT- 

We  should  note,  in  passing,  the  follovi.-ing  point  in 
connection  with  the  application  of  our  results  to  commu- 
tator windings.  In  these  windings  it  very  frequently 
happens  that  the  double  coil-span  is  less  than  2  w  ;  but  we 
can  always  group  the  coil-sides  so  as  to  form  equivalent 
coils  like  the  one  shown  in  Fig.  13,  and  it  is  to  such 
equivalent  coils  that  our  analysis  applies. 

It  will  also  be  clear  that  the  case  of  a  lengthened  coil- 
span  is  covered  by  all  our  results  bj'  changing  the  sign  of  e 
throughout. 

IV.  Illustrative  examples  of  the  effect  of  altering  the  coil- 
span. — With  the  aid  of  the  various  theorems  which  we 
have  just  proved,  it  is  easy  to  discuss  the  effect  which 
shortening  the  coil-span  has  upon  the  harmonics  present 
in  the  M.M.F.  wave.  In  order,  therefore,  further  to 
emphasize  the  technical  importance  of  the  coil-span,  we 
shall  examine  in  greater  detail  certain  aspects  of  the 
problem  which  require  special  notice. 

First,  let  us  consider  the  case  of  a  single-layer  winding 
with  an  even  number  of  phases ;  then,  as  pointed  out 
above,  e  :=  tt/N  and  the  phase-spread  o-  ^  tt/X  also.  Refer- 
ring to  Section  5  I  {a)  i,  we  see  that  no  even  harmonics  are 
present  in  the  M.M.F.  wave  of  such  a  winding  when  sup- 
plied with  a  symmetrical  system  of  currents.  The  odd 
harmonics  present  are  those  of  order  «  =:  2  A  X  ±  i 
together  with  those  for  which  «  =  AX±i.  Considering 
the  former  as  the  general  tj-pe  and  following  the  methods 
of  the  present  section,  we  have,  by  first  assuming  tliat  the 
coil-span  was  a  full-pitch, 

F„  =  J  X  B„sin  (;;  8  +  (J  /)      (Sect.  2  U  a,  Equations  56.  y) 


When  the   coils  are   of   short-pitch  the  additional  har- 
monics are, 

F'„  =  J  X  C„  sin  ()/  9  +  (^  /  -I-  :)     (Sect.  5  I  (a),  Eq.  26ft,  26c) 

of  the  same  odd  orders  ;  so  that  the   M.M.F.  of  the  nth 
harmonic  is  for  the  short-span  winding  : — 

F',;  =  F,:-{-F'„  =  I  X  [B,  sin  (n  e+<o  t)  -\-  C„  sin  (;;  9T«  '  +  :)] 

referred  to  the  middle  of  the  phase-band  of  Phase  I  as 
origin. 

Xow  in  the  present  case, 

;=[(H/N)-i]j7r    (Sects.  5  II  (ij,  5  III  (i)) 

so  that 

Fi,'=iX  I  B,,.  sin  (n  9+uj  /)-f-C„  sin  [n  {9+-!rl2  N)+uy  /— jr/2]  [ 

The  phase-spread  is  ir/X.     Changing  the  origin  to  the 
beginning  of  Phase  I  by  writing  9  =  9'  —  (t/2  N)  gives 

F:  =  ^  [b.,  sin  („  9'  +  ,.W  -  "^  +  C.  sin  [n  e'T«  /-^J 


=—  Tb,,  sin  (n  9' 


1 1)  cos 


2X 


—  B„  cos  («  9'  -(-  w  /)  sin  — j^  —  C.  cos  (n  9'  -^-  01 1)\ 

If  we  now  compare  Equation  (7)  with  Equation  (30),  or 
(18)  with  (31a),  we  shall  find 

C,  =  (—  i)'-  ^/ (I  —  tt,  „)  B„  =  —  sin  n ^  B,,  =  —  B„  sin  -^ 

since    in   the   present   case   e  =  x/X    and  n   is   only   odd. 
Hence,  with  reference  to  the  new  origin, 

FJI  =  J  X  B„  sin  (n9  +  u  t)  cos  (n  vji  X) 

=  I  X  B,,/;,  >,  sin  (h  9'  +  w  /)  =  J  N  B|!  sin  (n9  +  uj  t) 

a  form  precisely'  similar  to   that   obtained   for  full-pitch 
coils,  B',[  replacing  B,,. 

Assuming  for  the  present  that  the  winding  is  uniformly 
distributed,*  we  have  B,..  :=  (8/n-  a  ;;')  sin(H  all),  so  that 


B,,  =  B„  cos 


n  TT        8  N     .     H  ff         n  -n-        4  N 

— Tf  =  -ir-^  sin  ^rr  cos  — ir-.  =  ^^r— 

2  N       tt'  n'       2  N        2  X 


n  JT 

TT-  n-         N 


since  t  =  tt/X. 

Xow  if  the  coils  were  actually  of  full-pitch  and  o-  was 
2  njS,  the  value  of  the  Fourier  coefficients  would  be 
B„  =  (4  X/^=  ;i=)  sin  (n  tt/X),  which  is  identical  with  that 
just  found  for  the  chorded  winding.  Hence  it  follows 
that  the  shapes  of  the  M.M.F.  wave  in  the  two  cases  are 
the  same  at  every  instant,  except  that  there  is  a  space  lag 
of  7r/2  N  in  those  of  the  short-pitch  winding. 

Thus,  in  order  to  write  out  the  equation  to  the  M.M.F. 
wave  of  a  single-layer  winding  with  an  even  number  of 
phases,  <r  =  tt/X.  and  e  =  tt/N,  first  write  down  that  of  a 
winding  with  full-pitch  coils,  the  same  number  of  phases, 
and  (T  =  2  ff/X  from  the  results  proved  in  earlier  sections 
of  the  paper  and  then  change  9  therein  to  9-f(7r/2X). 

•  Corresponding  results  are  readily  found  for  slotted  armatures  by 
following  the  same  method. 
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:c-laycr    winding    with    an 
c.  ;  employed  in  the  common 

MS-phase  converter,  wlierc  ior  reasons  connected  with 
cr.-'-"  iTtinn  Professor  Miles  Walker  ha*  proposed  the 
»  of    the    coil-span    by    one    sJot-pitch.     Since 

the  ;iuijii>i.r  of  phases  is  even,  there  will  only  be  odd 
terms  in  the  scries  expressing  the  M.M.F.  wave,  and  their 
orders  will  be  i  =  i  J  t  ±  i  and  <i  *  ±  i .  Then  as  we  have 
shown, 

K,=  JX[B.sin(»ie^-/)  +C,  sin(ne^«/  +  ;)] 
=  3  ;B.  sin(»ie^«./)  +  C,sin  (>ie^«./  +  ;)] 

for  harmonics  of  order  n  =  1 2  t  ±  i ,  similar  expressions 
bcinj;  found  at  once  for  those  of  order  h  =  6  *  ±  i  from 
Kquations  ($d}  and  (5^  and  (aOx/)  and  (26^). 

Remembering  that  ;  =  [{"IQ)—  i]  J  t  when  '  =y=  rlQ 
and  expanding 

F„  =  3  [B,  sin  (»  e  ^  M  t)  +  C.sin  (n  ir/2Q)sin^n«  ^  »./) 

—  C,  cos  («  ir/2  Q)  cos  (»!«  +  «  /)] 

Iii>crting  C,  =  — B.  sin  (>i  ir/2  Q)  and  collecting  terms 

K  ,  =  3  B.  ccm  »  T-  2  O  'cos  I  »nr/ J  Q)  sin  («  e  +  »  0 

~  sin  (n  »/j  Q)  cos  (w  9  hk  •<  /)] 
^36,  Co-   'I  T-  ,:  <J  Mil   n  "  :f-  m  I  ■{■  It  »/2  (11 

when  n  =  1 2  t  T  I.     By  a  similar  process  we  can  show  that 
!•„  =3(—  i,''B.  cosin»/2Q)sin(ne^  «.  /  +  »i  ir/aQ), 

when  H  :=6k  ■±  I. 
Then,  F  ^  S  F,|,  where  »i  has  odd  values  only.     Now 

for  a  Uottcd  armature,  we  have  from  Equation  (19) 

^  '■  -in  (>i  xl2) 


H   = 


vj  that  H    =  R_  cos  —T  ^  — 


-y 


cos  -7,    t, 
wx  2V 


sin  (njt/j) 


n» 


Smcc    »;ij    IS   a  le   in    a   modern    converter, 

co-'TyijOi  is  little  .     unity  for  the  fundamental, 

more  from  unity  as  the  value  of  n  increases. 
I'  vept  for  those  harmonics  which  have  the  same 

value  ol  cosfnr/jy)  as  the  fundamental,  tlie  magnitudes 
of  the  harmonics  in  the  M.M.F.  wave  arc  relatively  less 
compared  with  the  fundamental  when  the  coil-span  is 
»h'>jtcnc<l  by  one  slot-pitch  then  when  the  coil-span  is 
c<)ual  to  a  full-pitch.  The  result  nf  diis  is  that  the  shapes 
•'  •    r    u-ave   are    !■  .ir   and,   generally 

'';cr  than  tho  ■  when   the  winding 

.;  of  phases  of  a  symmetrical  winding 

'    wave  of  magnetomotive  force  contains  even 

"■ '  en    the    coil-vpan    it    shortened,   and    the 

lance  of  this  fact  is  particularly  great  in 

IS.     Thu»   for 
'  jihav  double- 

"lis.  It  is 
I.il    phakc 


currents  will  contain  even  harmonics  ;  and  the  resultant 
of  this  field  and  that  of  the  nwin  poles  will  therefore 
contain  such  harmonics  also.  This  being  so,  the  pressure 
wave  induced  on  load  will  contain  even  terms,  the 
presence  of  which  has  been  noticed  by  some  observers, 
though  the  reason  for  their  existence  h.is  not  been 
pointed  out. 

With  a  hemisymmetrical  short-pitch  winding  there  is 
in  addition  to  even  harmonics  a  pulsating  lield  of  uniform 
value  around  the  pveriphcry.  Thus  in  a  two-phase  induc- 
tion motor  whose  stator  has  a  short-pitch  winding,  we  m.iy 
expect  the  pressure  induced  in  the  rotor  winding  to 
consist  of  terms  derived  from  the  odd  and  even  gliding 
fields,  and  superposed  thereon  an  electromotive  force 
induced  by  mutual  induction  between  the  pulsating  part 
of  the  stator  field  and  the  rotor  winding. 

6.  The  Effect  of  Xo^"-sI^•usoID.^L  Cckkents  ox   the 
Shape  of  the  M.M.F.  W.we. 

Wc  have  assumed  in  all  our  preceding  work  that  the 
phase  currents  followed  a  cosine  law.  However,  sinusoidal 
current  wave-forms  are  rarely  obtained  in  practice,  due 
principally  to  the  effects  of  magnetic  saturation  and 
hysteresis'  ;  i.e.  to  the  cyclically  varying  permeability 
of  the  iron  circuit  linked  with  the  windings.  Thus,  for 
example,  the  stator  current  taken  hy  an  induction  motor 
supplied  with  a  sine  pressure  at  its  terminals  will  differ 
very  materially  from  a  sine  shape.  We  shall  therefore 
make  it  our  object  to  discuss  in  the  present  section  some 
of  the  effects  which  harmonics  in  the  phase  current  may 
have  upon  the  magnetomotive  force  of  a  winding  ;  and  for 
this  purpose  we  shall  use  the  most  general  expressions  in 
order  to  cover  tlie  c.ise  of  a  winding  with  coils  of  any 
given  arbitrary  pitch. 

Let  us  suppose  th.al  the  phase-current  wave  has  been 
resolved  into  a  Fourier  series  of  cosines,  which  for  the 
first  phase  will  be  : — 

!   /,  =  (,cos(«f— f,)-f  ;,cos(3«'  — ♦!• 

•f  »,  cos  (5  «  /  —  f  i»  +  ...»n"'COS(n    «/  -  ^n)  -J-  ... 

]  where  n  is  the  order  of  a  current  h.vmonic  and  is  odd, 
since  current  waves  .ire  .is  a  rule  symmetrical  about  the 
time  .ixis.  Then  if  we  investigate  the  M.M.F.  wave  due  to 
the  M'th  current  harmonic  in  the  manner  employed  for  the 
fundamcnt.il  in  previous  sections,  the  following  results 
.irise.  Since  the  sp.-icc  distribution  of  the  M.M.F.  of  a 
phase  depends  only  on  the  phasc-sprcid  and  the  arrange- 
ment of  the  conductors,  wc  easily  find  that  the  general 
expression  for  the  pulsating  M.M.F.  wave  of  the  mth  phase 
due  to  the  n'th  current  harmonic  is  : — 


!•• 


=  F. 


>  cos  j «'  [«.  /  —  (w  —  1 )  >j]  —  f «•  } 


'a'^+S  n'„ cos  n  [0— (wi— l)/l]-fS  K,  sin  n  [0—\  m  — i),i]  { 

where,  in  general,  n  has  all  odd  and  even  values,  and  ^^ 
includes  the  harmonics  of  normal  order  as  well  as  those 
due  to  the  shortened  coil-span. 

By  summing  this  expression  for  the  N  phases  wc  get  as 

•  S  XtVII.LI!  »nd  H   HAnt't,'£tr.(n,iaii,  191^  vnl.  7R.  p.  44- 
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the  equation  to  the  M.M.F.  wave  due  to  the  /;  th  current 
harmonic, 

.a=N  .i.  =  X 

— «"'}  ■,%+Xa],cos'i[0-{m—i),3]+tb",smn[e—{m—i)(3]l'] 
The  pulsating  term  gives  at  once 

F„'.o  =  F,:'.  max  "o  CO*  ["   "^  '  "  •! •'■  -  i  (\  -  U  fi]    ^.^"i  ^ 

analogous  to  Equation  (23). 

Likewise,  selecting  the  /;th  harmonic  of  the  wave  gives 


F       P 

n' .  11  /I'.max 


''n^    C0s{k'[<u/— (;;;— i)^]— 9„.  I 

Ml  =   I 


cosn[9— ()H— I)f3]  +F„ 


-^■"S'= 


.■max-..  /    COs|/l[<u/— (;»  — I)^]— y,„.l 


siu«[9(^K— 1)/3] 


which  becomes  on  simplification, 

F„.,„ 

I    „       ,   ,     ^ — I,  ,   -,  ,  |SiniN(» — n')3'\ 

'  2  /.       r  )    smi(n — «  )/3  J 


Bm'  >,r  •     (     ,  ,     ,    J     ^■  — I       .     ,   ,  I  sini-N(;i  +  (;')/3 


which  is  similar  in  form  to  Equations  (3)  and  (24).  Com- 
parison of  the  two  equations  will  show  that  all  the  theorems 
deduced  from  Equations  (3)  and  (24)  can  be  immediatelj' 
transformed  for  the  present  case  by  writing  in  them 
n'uii  —  <p„:  for  wf  and  augmenting  the  values  of  n  for 
which  they  are  deduced  by  n' —  i. 

It  is  thus  clear  that  the  M.M.F.  of  the  winding  due  to  all 


current  harmonics   is   F 


=^[p,,..2-'a ' 


here 


the  first  summation  applies  to  all  the  harmonics  into  which 
the  current  wave  has  been  resolved,  and  the  second  sum- 
mation covers  such  odd  and  e^-en  space  harmonics  as 
previously  proved  theorems  have  shown  to  be  existent  in 
the  M.M.F.  wave. 

We  thus  see  that  the  expression  for  the  )!th  gliding  field 
of  M.M.F.  due  to  the  ii'th  current  harmonic  can  be  written 
in  the  general  form, 


•  cos   ,     ,  _ 
sm    I 


V"r"  !»rJ-+«'.,W--4',,.,„} 


Now  Tu'  =  1//11.  =  lint  =z  2  Trin'to  is  the  periodic  time  of 
the  'J'th  current  harmonic,  and  \,j^  2  tt/ii  =  the  angular 
wave-length  of  the  nth  space  harmonic  ;  hence  the  angular 
velocity  of  the  )ith  gliding  field  produced  by  the  «'th 
current  is,  w;i',  ti  ^  Xij/T„.  =  ji'o,/)!.  Now  the  angular 
velocity  of  the  nth  constituent  field  due  to  the  funda- 
mental current  is  wjn  ;  and  so  corresponding  space  har- 


I  sin|y(;i-|-n")/3 
sini(ii  +  /i')/3 


monies  move  /;'  times  as  quickly  when  they  are  produced 
by  the  nth  harmonic  in  the  current  as  they  do  when  pro- 
duced by  the  fundamental. 

Without  using  further  mathematics  all  the  properties  of 
the  wave  of  M.M.F.  produced  by  any  current  harmonic 
can  be  easily  found  from  a  consideration  of  the  vector 
diagram  of  phase  currents.  In  a  symmetrical  N-phase 
system,  the  vector  of  the  n  th  current  harmonic  in  the  )«th 
phase  is  displaced  from  that  in  the  first  phase  by  an  angle 
(m  —  i)  n  2  tt/N,  and  according  to  the  value  assumed  by 
this  angle  it  can  be  shown  '■=  that  the  nth  harmonic  diagram 
will  fall  into  one  of  three  classes  which  may  be  briefl}- 
summarized  in  the  following  waj'  : — 

(i)  in  which  the  vectors  in  the  ;j'th  harmonic  diagram  are 
numbered  in  the  same  direction  around  the  diagram 
as  the  vectors  for  the  fundamental  ; 

(ii)  in  which  the  vectors  in  the  n'th  harmonic  diagram  are 
numbered  in  the  reverse  direction  around  the  dia- 
gram to  the  vectors  for  the  fundamental  ;  and 

(iii)  in  which  the  vectors  in  the  n'th  harmonic  diagram 
form  coincident  groups. 

For  example,  in  a  three-phase  system  the  7th  13th,  19th, 
etc.,  harmonics  fall  into  the  first  class  ;  the  5th,  nth, 
17th,  etc.,  harmonics  into  the  second  ;  whilst  the  3rd,  gth, 
15th,  etc.,  harmonics  form  the  third  type. 

For  harmonics  falling  into  the  first  class  it  is  clear  that 
the  equations  to  the  M.M.F.  wave  produced  by  them  can 
be  found  at  once  from  that  of  the  fundamental  by  changing 
w/ to  n'lu  /  —  0„.  therein.  Hence  harmonics  of  this  class  in 
the  current  wave  produce  identically  the  same  shape  of 
M.M.F.  wave  as  the  fundamental  current,  except  that  the 
waves  move  n'  times  as  quicklj'. 

Likewise  the  equations  corresponding  to  harmonics  in 
the  second  class  are  found  by  changing  u  /  to  —  n'  loi  —  ^„. 
since  the  currents  of  these  orders  in  successive  phases 
attain  their  maxima  in  the  reverse  order  to  the  funda- 
mentals. Hence,  harmonics  of  this  class  in  the  current 
wave  produce  identically  the  same  shape  of  M.M.F.  wave 
as  the  fundamental  current,  except  that  the  waves  move 
n'  times  as  quickly  in  the  opposite  direction. 

In  the  third  class  are  those  harmonics  which  are  an  odd 
multiple  of  the  number  of  phases  (when  N  is  odd)  or  of 
half  the  number  of  phases  (when  N/2  is  odd).  The  vector 
diagrams  in  the  former  case  consist  of  N  coincident 
vectors  ;  whilst  in  the  latter  case  there  are  two  groups 
of  N/2  vectors  displaced  from  each  by  tt  radians.  Taking 
the  case  when  X  is  odd,  let  us  consider  the  form  assumed 
by  Equation  (32)  when  /3^2  7r/N.  Since  in  this  case 
sin  J  N  (n  +  }i'l  /3^  o,  every  term  of  the  equation  vanishes 
unless  it  happens  that  sin  (n  +  tt')  J  /3  or  sin  (n  -  n)  i  /3  is 
zero.  Now  when  N  is  odd,  the  harmonics  which  we  are 
now  considering  are  of  order  n'  :=A  N,A  being  odd  ;  hence 
sin  (n  ±  H ')  5  ;^  =  sin  («  ±  *  N )  WN  =  —  sin  n  ;r/N  will  be 
zero  if  n/N  is  an  integer,  say  s.  Thus  if  n  =  s  N  all  the 
terms  of  Equation  (34)  will  persist.  A  like  result  will  hold 
when  N  is  even  and  N/2  odd  if  n  =  s  N/2.  Now  the  suc- 
cessive pairs  of  terms  in  the  equation  aie  gliding  fields 
moving  at  equal  speeds  in  opposite  directions,  and  by 
Ferrari's  principle  will  combine  to  form  a  standing  wave. 
Thus  it  follows  that  the  magnetomotive  force  of  a  current 
*  E.  Hague  :  Ekctricinn.  loc.  ci(. 
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harmonic  of  the  third  class  is  a  standing  wave  whose  wave- 
length ti  2  T  S  (When  N  is  odd),  or  4  t-  N  (when  X  is  even) 
and  which  pulsates  in  value  at  «'  times  synchronous  fre- 
quencv.  For  example,  in  the  case  of  a  three-phase  winding 
such  as  is  commonly  employed  on  induction  motors,  a 
■    '      :  V  current  will  produce  a  pulsating  wave  of 

ited  in  the  form  of  a  triangular  wave  of 
.,.  =  2r;3,  the  frequency  of  pulsation  being 
V  -  normal  frequency. 

Coxlli-siox. 

The  foregoing  investigation  constitutes,  in  the  author's 
bcUef.  the  first  attempt  at  a  complete  analytical  treatment 
of  the  magnetomotive  force  of  an  arm.iturc  winding,  and  it 
is  hoped  that  the  results  set  out  and  the  methods  developed 
will   prove  useful   in  the  investigation  of   problems   con- 


nected with  the  llicory  and  action  of  electrical  machines. 
It  was  mentioned  earlier  that  in  spite  of  much  excellent 
work  many  such  problems  are  still  far  from  solved,  and  it 
is  to  some  of  these  problems  that  the  author  intends  to 
devote  his  attention  in  a  subsequent  communication. 

Finally,  the  author  desires  to  th.ink  Dr.  S.  P.  Smith  for 
his  kindness  in  reading  the  manuscript  and  for  giving 
many  useful  suggestions.  Indebtedness  to  many  friend- 
for  kindly  criticism  must  be  recorded  ;  and  the  author  par- 
ticul.-irly  offers  his  gratitude  to  Mr.  S.  Neville.  H.Sc,  with- 
out whose  friendly  help  and  inspiring  suggestions  much  of 
the  work  involved  in  the  paper  could  hardly  have  been 
accomplished. 

The  work  was  carried  out  under  the  direction  of  Pro- 
fessor T.  Mather,  F.R.S..  at  the  City  and  Guilds  (Engineer- 
ing) College  in  the  Post-Graduate  Course  of  the  Electrical 
Engineering  Department. 
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The  invo'tigation  now  to  be  described  has  been  carried 
out  1  itKin  with  my  colle.-igue  Professor  Nicholson, 

in  til'  -   Electrical  Engineering  Laboratory,  King's 

College,  London,  and  some  of  the  main  results  are  em- 
bodied in  papers  recently  presented  to  the  Royal  Society. 
All  previous  work  on  magnetic  shielding,  in  which  a  large 
shielding  ratio  has  been  obtained,  has  referred  to  very  small 
spaces,  and  as  large  spaces  present  a  very  different  type 
of  problem,  it  will  not  be  necessary  as  a  preliminary  to 
give  any  account  of  such  work. 

The  effective  shielding  of  a  l.irge  sp.ice,  which  has 
become  necc\sary  for  vjine  important  practical  applica- 
tions, constitutes  a  new  fundamental  problem.  It  is  easily 
realized  that  for  this  purpose  a  spherical  shield  is,  on 
general  grounds,  the  most  elTicicnt  form,  but  it  is  necessary 
at  the  same  time  to  laminate  it  into  several  component 
spherical  shells  with  a  common  centre.  Lamination,  how- 
ever, cannot  l>e  carried  with  .iilvanlage  beyond  a  certain 
limii  Ki'icker  found  thai  (or  a  given  total  mass  of  iron 
f  two  shields  was  not  an  .idvant.ige  if  they  were 
thin.  We  have  extended  this  investigation,  and 
that  there  is  always  a  critical  thickness  beyond 

V. .:nination  inu»t   not   be   carried.     Without    going 

into  dctaiU  it  may  be  »aid  that  the  best  shield  is  found 

,.i....,  .^1..  ,„  j^  Q„p   j^  which  the  air  spaces  and  thick- 

'    very  nearly  the   name,  and  in  the  shield    de- 

•en'  iple   i»  adopted.    The  air  spaces 

"    '  _  <  m»dc  o<  a  Urant  (or  the  |>iirpo««  o( 

■n  sbicMing  whiUi  waa  voted  \rf  Ih*  Council  o<  the  Koyal 


and  thicknesses  {2  cm.)  are  about  4  times  the  critical 
values  which  the  theory  indicates. 

The  theory  of  a  single  spherical  shield  is  well  known. 
It  culminates  in  Maxwell's  formula  for  the  shielding  ratio — 

9mF/|9^-I-2{^-i)--VI— a'/M]. 

where  F  is  the  outside  force,  ft  the  permeability,  and  a,  b 
the  inner  and  outer  radii  respectively  of  the  shell. 

Before  proceeding  to  the  description  of  any  definite 
experiment  on  shielding,  it  is  desirable  to  give  some 
account  of  what  is  meant  by  initial  permeability,  which 
is,  from  one  point  of  view,  the  decisive  factor  in  the 
efficiency  of  a  magnetic  shield. 

The  c.irly  experiments  of  Baur  and  R.iyleigh  showed 
that  the  initial  permeability  of  iron  has  a  finite  value  when 
the  magnetizing  force  is  very  small,  and  the  curve  o( 
magnetization  is  practically  a  >tiaight  line  in  this  region. 
This  is  the  permeability  referred  to  in  the  Maxwell 
equ.ition.  At  a  later  stage  as  the  force  is  increased  the 
curve  becomes  more  p.irabolic.  Baur's  experiment  on 
sod  iron  showed  thai  within  the  limits  of  force  H  =00158 
and  H  =o-3»4.  the  formula  /<  =  1S3  ->-  i,3«i  H  is  applic- 
able, and  in  this  formula  the  initi.il  perme.ibility  is  183. 
The  experiments  of  Loid   Kayleigh  coiifirnie<l  this  result. 

It  is  not  possible  to  refer  in  detail  to  the  work  which 
has  been  done  on  this  subject,  but  it  m.iy  be  mentioned 
for  purposes  of  illustration  that  a  3  per  cent  silicon-iron 
allov  (Stallov)  gives  a  permeability  of  afw  after  careful 
demagncti/ation.     The  same  alloy  can   be  m.idc  to  give 
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an  initial  permeability  of  427  if  demagnetized  wlien 
moderately  shielded  from  tlie  effect  of  the  earth's  mag- 
netic field.  The  reason  for  this  increase  will  be  dealt 
with  later,  but  before  resuming  the  consideration  of  the 
problem  of  shielding  it  may  be  stated  that  one  of  the  main 
uses  to  which  shielding  can  be  put,  and  the  foundation 
of  its  more  important  practical  applications,  is  this  increase 
in  ptermeability  in  shielded  material. 

We  can  prove  that  a  single  shell  of  unlimited  thickness, 
according  to  Maxwell's  formula,  can  give  only  a  shielding 
ratio  of  22  when  the  permeability  is  of  the  order  of  100. 
This  is  quite  insufficient  for  many  purposes,  and  if  higher 
degrees  of  shielding  are  to  be  obtained  it  is  necessary  to 
resort  to  lamination  of  the  shield.  This  important  fact 
has  been  realized  since  Sir  William  Christie  protected  the 
magnetic  instruments  at  Greenwich  in  1893  by  the  use 
of  a  triple  shield.  Even  with  lamination  it  may  be  stated, 
however,  that  for  a  given  shielding  ratio  the  amount  of 
iron  required  may  become  prohibitive.  It  is  therefore 
necessary  to  study  the  fundamental  principles  involved 
in  order  that  for  a  given  volume  of  the  enclosed  space 
and  a  given  shielding  ratio  the  weight  of  iron  may  be 
a  minimum.  The  late  Sir  Arthur  Riicker  stated  the 
conditions  which  are  necessary  in  certain  cases  in  order 
that  increased  lamination  may  continue  to  be  advan- 
tageous. One  of  these,  the  critical  thickness,  has  already 
been  mentioned.  As  a  generalization  of  his  work  it  may 
be  shown  that  the  degree  of  shielding  depends  mainly  upon 
the  curvatures  of  the  surfaces  of  the  shield.  For  e.\ample, 
if  we  compare  two  shields  of  the  same  material  whose 
linear  dimensions  are  to  one  another  as  i'»,  the  shielding 
ratios  will  be  the  same,  that  is,  they  are  independent  of 
the  absolute  dimensions.  The  shield  presently  to  be 
described  consists  of  four  spherical  shells  eacli  of  thick- 
ness 2  cm.  with  intervening  air  spaces  lof  the  same 
dimensions,  and  the  outer  diameter  of  the  outermost 
shell  is  3  feet.  A  shield  similar  in  ever)-  respect  whose 
outside  diameter  is  the  same  as  that  of  the  earth  will 
give  precisely  the  same  shielding  ratio  provided  that 
instead  of  2  cm.  the  thicknesses  of  each  of  the  shells 
and  air  spaces  is  179  miles. 

Riicker  showed  that  for  a  permeability  of  500  there  is  no 
"best  arrangement"  in  the  case  of  two  shells  unless  the 
volume  of  the  material  of  the  shells  exceeds  about  i/ioo  of 
the  volume  of  the  enclosed  space.  It  can  be  shown  that  if 
the  permeability  is  100  the  volume  must  not  exceed  1/20 
of  the  space  to  be  shielded.  That  is  to  say  there  is  no  advan- 
tage to  be  gained  from  lamination  unless  the  thickness  of 
the  shell  is  greater  than  3/2  fi  of  its  radius.  This  vi-ork  for 
equal  permeability  has  been  extended  to  the  case  of  three 
shells  with  the  same  result  as  regards  limiting  thickness. 
As  it  is  an  advantage  in  the  case  of  large  shells  to  have 
equality  of  thickness  it  is  important  to  notice  that  if  the 
shells  have  equal  thickness,  with  air  spaces  in  correspond- 
ence, no  great  sacrifice  is  made. 

In  connection  with  certain  work,  it  was  desired  to  obtain 
a  shielding  ratio  of  o'oo2,  the  enclosed  space  being  spherical . 
and  of  diameter  63'5  cm.  (25  inches).  If  the  permeability 
is  100  the  thickness  of  each  shell  must  be  greater  than 
^  cm.,  and  some  multiple  of  this  had  to  be  chosen.  ,It 
was  decided  to  adopt  a  thickness  of  2  cm.,  because  this 
made  the  castings  an  engineering  possibility,  and  the  air 
spaces  were  also  2  cm.    The  shells  of  high  permeability 


dynamo-magnet  steel  made  to  this  specification  by  Messrs. 
Edgar  Allen  &  Co.  are  quite  satisfactory,  and  have  proved 
to  have  an  initial  permeability  of  about  150.  The  weight 
of  the  whole  shield  is  1,273  ^S,-  (2,806  lb.). 

It  is  not  proposed  to  give  here  a  full  account  of  the 
somewhat  complicated  mathematical  investigation  which 
is  necessary  in  order  to  determine  the  shielding  ratio  given 
by  a  set  of  spherical  shells.  A  brief  indication  of  the  nature 
of  the  method  will  be  sufficient.  In  the  following  calcula- 
tions of  the  shielding  ratios  of  the  above  shells  use  has  been 
made  of  recurrence  formulce,  as  the  Riicker  expression  as 
a  determinant  for  the  shielding  ratio  does  not  lend  itself  to 
rapid  calculation.  Perhaps  a  small  digression  may  be  made 
at  this  point  in  order  to  indicate  what  is  meant  by  recur- 
rence formulae.  Suppose  that  it  is  necessary  to  calculate, 
successively,  a  set  of  11  quantities,  which  may  be  called 


where  the  first  is  known.  We  may  be  able  to  find  a  con- 
nection between  any  two  ;  for  example  if  the  rth  and  the 
r  +  ith  are  connected  bv 


then 


«3  =  (2°  -t-  2)0, 

<'4  =  (3°  +  3)<'3.  etc., 


and  each  can  be  calculated  at  once  from  its  predecessor. 
This  is  the  basis  of  the  method  we  adopted  in  our  calcula- 
tions. The  work  was,  in  fact,  rather  more  complicated  in 
that  we  had  two  sets  of  quantities. 


and 


and  were  able  to  calculate  the  ratios 

!(,/»„  1(3/11,,  .  .  .  and  i's/k,,  vJu„  .  .  . 

and  if  there  are  n  shells,  the  shielding  ratio  for  any  r  of 
them  measured  outwards  was  merely 

so  that  the  effect  of  an  additional  shell  on  the  outside 
could  be  determined  at  once.  The  ratios  obtained  for 
I,  2,  3,  and  4  shells  are  given  in  Table  i,  and  it  will  be 

T.ABLE    I. 


Permeability 

100 

ISO 

200 

300 

400 

Ratio 
(:',-|-21(,)/3M, 

No.  of ! 

Shells 

I 

4'33 

6-03 

7  9 

10-9 

14 

(2'3  +  2"3)/3". 

2 

9-88 

15-4 

21 

34-4 

55 

(:'4  +  2"4)/3«. 

3 

20-13 

34-8 

54 

103-9 

199 

{V,+  2U,)I2U, 

4 

1 

40-1 

69-3 

133   . 

313 

719 

seen  that  they  do  not  deviate  much  from  a  geometrical 
progression.  In  our  experimental  shield,  every  new  shell 
added   makes   the   shield    more   than   twice   as   efficient. 
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In  the  diaRrain  .Fig.  n  the  internal  force,  assuming  that  of 
the  earth  to  t)C  0-5.  is  plotted  ag.iinst  the  number  of  shells 
for  a  given  permeability,  and  the  ordinates  arc  roughly 
!i.ilvcd  for  every  new  shell  added  to  the  combination  when 
i.'.i.  ;H-rmeability  is  of  the  order  100,  and  more  than  halved 
when  It  is  150  as  in  the  case  of  the  lugh-pcrmcability 
magnet  steel  used.     It   will  be   noticed  how   rapidly   the 


o-oS 


3 

(3 


-004' 


o 


OKJ2 


Number  of  shells 
Kic.  I. 

ratirt  increases  with  the  permeability.     Thus  the  ratio  of 
for  four  shells  and  one  shell  is  51-3  when  the 
J  >     .iiy  i>   400,   whereas   it    is  only   9'26   when   the 

permeability  is  100. 

M.vcvETiziNG  Coils. 

In  order  to  deal  more  completely  will)  the  problem,  a 
«tudy  had  to  he  made  of  the  usual  process  of  demagnetiza- 
tion with   ■  lis,  as  it  was  ncces.sary  to  know  the 
magnetic  B)  at  any  point  in  the  system   pro- 
'tiiccd  by  a  current  in  a  winding  on  one  of  the  shells.     It 
wat  alw  ncccsviry  to  test  the  accuracy  of  the  Maxwell 
formula  for  a  loosely  wound  coil.     Let  a  coil  be  wound 
on   a    sphere,  say.  of   non-magnetic   material,   in    such   a 
manner  that  the  plane  of  its  windings  is  a(  right  angles 
■                               ■    ■         .inbcr  of  windingi  per  unit  length 
I     Then  if  the  coils  arc  indetinilely 
ih  of  the  field  inside  the  winding 
value  Xrnilji.  w-hcre  the  total 
i  turns  IS  1 II  a.  n  l>cing  the  number  of  turns  per 
■1  of  fliamcirr    ,t  the  radius  of  the  sphere,  ••nrl 


I  the  current.  In  the  experiments  made  with  spherical 
shells  the  numbers  of  turns  commencing  with  the  smallest 
shell  are  34.  3S,  4^,  4(1.  and  the  value  of  n  is  J.  In  other 
words,  the  pitch  of  the  winding  is  2  cm.,  which  is  also  the 
radial  thickness  of  each  shell.  We  cannot  expect  under 
these  circumstances  to  find  that  experiment  will  give  a 
v.ilue  of  the  maximum  magnetic  induction  (B,„„.)  so  high 
as  is  predicted  by  the  theory,  on  account  of  looseness  of 
winding,  and  this  has  been  found  to  be  the  case. 

When  a  shell  of  iron  is  wound  with  a  coil  as  above 
described  the  magnetic  induction  (B)  is  not  of  course 
constant  throughout  its  mass.  It  has  a  minimum  value 
near  the  poles  or  intersections  of  the  shell  and  the  axial 
diameter.  The  maximum  value  occurs  in  the  iron  normal 
to  the  plane  which  contains  the  centre  of  the  shell  and  is 
at  right  angles  to  the  axial  diameter.  The  theoretical 
treatment  is  not  dealt  with  here,  but  the  values  of  B™,.  for 

T.XBLE  2. 


Shell  No 

3 

3 

3»4 

IklMcco 
3S4 

<.».3&« 

1.1.3*4 

Po&ition  of 
Xlaf:neIiFin£  Cuil 

Inside 

Outside 
3 

Belwccn 

3«4 

OuUldi 

4 

N'linihci  .i(  Shcil 

I 

— 

— 

— 

-0-45 

— O'Of) 

2 

— 

— 

— 

-1-38 

-017 

3 

+  1 

-2 

-638 

-414 

-042 

4 

— 

— 

+  471 

+  552 

—  1-26 

various  combinations  have  been  calculated  and  the  results 
are  given  in  Table  2.  The  shells  are  numbered  from 
inner  to  outer,  and  the  third  shell  is  chosen  as  a  unit  when 
the  coil  is  wound  on  the  inner  surface.  The  other  figures 
show  the  multiple  of  this  unit  in  different  combinations 
for  the  same  current.  Certain  of  these  figures  have  been 
verified  by  experiment,  which  shows  that  they  arc,  under 
the  conditions  of  winding,  a  small  percentage  too  high. 
The  values  of  B„,„.  can  be  found  from  the  above  figures, 
if  it  is  remembered  that  a  current  of  1  amperes  in  the 
magnetizing  coil  produces  a  value  of  B„„  of  59  in  the 
third  shell  taken  as  a  unit.  Of  course  this  only  refers  to 
the  case  of  small  currents,  that  is  to  say.  such  currents  as 
produce  perme.ibility  not  greatly  differing  from  its  initial 
value.  For  example,  with  the  combination  of  four  shells, 
and  a  coil  wound  on  the  outside  of  the  fourth  shell,  the 
calculated  value  of  B,u<.  ■"  tl>c  third  shell  is  slightly  high 
with  2'5  amperes  :  and  the  value  for  the  fourth  shell  is 
slightly  high  with  about  i  ampere. 

Km'EKIMENtal. 

The  shield  with  the  upper  half  removed  is  shown 
in  I-'ig.  1.  For  the  measurement  of  the  force  inside  the 
shield  an  inductor  ring  rotated  by  hand  h.is  been  used  in 
conjunction  with  a  ballistic  galvanometer.  The  diameter 
of  the  induclor  is  such  thai  it  just  clears  the  iron  of  the 
sm.allcst  shell.  One  end  of  the  wiiuling  is  connected  to  a 
sector  on  the  shaft  and  brush  wliich  makes  contact  during 
one  half  revolution,  the  other  end  being  connected  to  a 
riM)"    .incl    litiisli    wliicli   m.ikes    continuous  contict.     The 
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brushes  are  supported  by  a  disc  which  is  capable  of  being 
turned  through  known  angles.  At  a  speed  of  about  J  to 
J  second  per  revolution  it  has  been  found  possible  to  close 
a  key  in  the  circuit  of  the  inductor  and  galvanometer  by 
hand,  and  thus  impress  upon  the  instrument  the  electro- 
motive force  developed  during  a  half  revolution.  In  this 
way  the  direction  as  well  as  the  magnitude  of  the  force 
has  been  measured.  The  maximum  sensibility  is  such 
that  a  force  of  lo"-"  that  of  the  earth  can  be  measured  with 
■some  accuracy.  The  axis  of  rotation  is  in  all  cases  in  the 
plane  of  the  junction  of  the  shell  or  shells. 

The  observed  deflection  is  thus  a  measure  of  the 
average  magnetic  intensity  over  the  volume  swept  by  the 
inductor.  In  the  diagrams  the  curves  show  the  relation 
between  the  average  magnetic  intensit}'  and  the  position 


Fig.  2. 

of  the  brushes.  When  the  plane  of  the  coil  of  the  inductor 
is  vertical  the  inclination  is  o°  at  the  moment  contact  is 
made  and  broken  during  the  one  half  revolution  which 
causes  the  deflection.  At  90°  the  coil  is  horizontal,  and 
the  direction  of  the  earth's  field  is  at  about  67°.  The  forces 
above  the  axis  of  abscissas  are  positive,  that  is  of  the  same 
sign  as  the  earth's  field. 

Experiments  have  been  made  with  the  shells  as  received 
from  the  foundry  with  plain  butted  unmachined  surfaces 
in  contact,  and  also  after  they  had  been  so  machined  that 
one  half  of  each  shell  enters  the  other  half  to  the  extent  of 
I  cm.  The  curves  shown  in  Fig.  3  were  obtained  when 
the  shells  were  in  the  former  condition  and  the  planes  of 
junction  were  horizontal.  The  axis  of  the  inductor  was  at 
right  angles  to  the  magnetic  meridian.  Curve  i  was  obtained 
by  rotation  of  the  inductor  inside  the  first  or  smallest  shell 
alone  ;  curve  2  vi-hen  the  second  shell  was  placed  concen- 


trically with  the  first  ;  and  so  on  to  curve  4,  when  the  four 
shells  were  all  present.  The  effect  of  having  the  junctions 
in  a  horizontal  plane  is  marked,  since  the  maximum  ordi- 
nates  of  curves  i,  2,  3,  occur  at  90°  instead  of  at  67°  (the 
direction  of  the  earth's  field).  Moreover,  curves  i,  2,  3, 
are  far  from  representing  sine  functions  of  the  angle, 
mainly  because  leakage  occurs  at  the  junctions.  With 
three  shells  in  combination,  liowever,  a  new  factor  begins 
to  exert  itself,  and  this  is  dealt  with  below. 

The  most  interesting  feature  of  Fig.  3  is  the  reversal  of 
sign  shown  by  curve  4  ;  and  several  experiments  resulting 
in  curves,  b,  c,  d,  e,  were  made  to  elucidate  its  origin.  In 
these  experiments  the  four  shells  were  still  present,  and 
their  junction  planes  were  varied  in  position  relatively  to 
the  direction  of  the  earth's  field  and  to  one  another.  It  is 
obvious  from  their  sign  that  none  of  these  curves  can 
represent  the  shielded  force  of  the  earth.  Moreover,  even 
if  the  forces  had  had  the  right  sign,  their  magnitudes  do 
not  agree  with  the  theoretical  values  given  in  Table  i  ;  for 
with  four  shells  and  a  permeability  of  150  an  internal  force 
of  0-007  C.G.S.  units  is  indicated  ;  whereas  the  measured 
forces  are  of  the  order  o'02  C.G.S.  units.  The  fact  is  that 
iron  does  not  behave  in  the  ideal  manner  indicated  by  the 
theory  ;  or  in  other  words  the  shielding  ratio  does  not 
necessarily  continue  to  rise  as  more  and  more  shells  are 
added.  Apart  from  the  magnetic  leakage  due  to  the  dis- 
continuity of  the  metal  at  the  planes  of  junctions,  the 
behaviour  of  the  iron  is  dependent  upon  the  permanent 
polarizing  effect  of  the  earth's  field  on  the  material.  When 
the  shells  are  few  in  number,  the  fields  due  to  this  cause 
are  not  relatively  serious ;  but  they  at  once  become 
important  when  the  shielding  ratio  is  sufficiently  high,  and 
therefore  the  fields  to  be  examined  are  sufficiently  small, 
as  is  the  case  with  four  or  more  shells.  It  becomes  a 
question  as  to  what  is  meant  by  effective  demagnetization  ; 
and  further  experiments  show  that  there  is  a  limit  beyond 
which  permanent  polarization  cannot  be  removed  merely 
by  reversal  and  diminution  of  currents  in  the  coils  wound 
on  the  shells.  It  is  shown  that  in  order  completely  to 
demagnetize  the  iron  it  must  during  the  application  of  the 
demagnetizing  current  be  shielded  from  all  steady  magnetic 
fields,  of  which  that  of  the  earth  is  a  particular  example. 
In  order  to  show  that  this  disturbing  force  cannot  be 
eliminated  by  demagnetization  in  the  presence  of  the 
earth's  field,  the  four  shells  after  being  machined  were  placed 
with  their  junction  planes  at  right  angles  to  the  direction 
of  the  earth's  field  and  carefully  demagnetized  by  connect- 
ing the  coils  wound  on  Nos.  i,  2,  3,  in  series,  so  as  to  give 
alternating  signs  to  their  forces,  and  passing  an  initial 
current  of  47  amperes  through  them.  This  current  was 
gradually  reduced  by  stages,  and  at  each  stage  a  number 
of  reversals  made,  until  the  final  value  of  the  current  was 
0-00006  ampere.  The  interior  force  was  then  measured  by 
the  inductor  and  found  to  be  negative  in  sign  and  of  value 
00038  C.G.S.  units. 

In  the  next  experiment  a  current  of  0-457  ampere  was 
steadily  maintained,  in  such  a  direction  as  to  oppose  the 
earth's  field,  in  the  outermost  or  No.  4  coil,  during  demag- 
netization of  the  shells  as  above  described,  starting  as  before 
with  a  current  of  4-7  amperes.  The  current  in  No.  4  coil 
was  then  broken,  and  the  interior  force  was  found  to  be 
positive,  that  is  of  the  same  sign  as  that  of  the  earth's  field, 
and  to  have  the  value  0-00324  C.G.S.  units.     On  restoring 


518 


WILSON:   THE    MAGNETIC   SHIELDING    OF    LARGE    SPACES. 


0-03    o-o6    012 


•0 

0-02 

004 

008 

> 

'i 

»^ 

•^ 

0 

w 

S 

•^ 

> 

5 

C 

C 

0  01 

ooz 

004 

3 

«       o 

c 

u 


o       o 


o-oi    002   004 


002    0-0-4.   008 


KiG.  3. 


0024 

2 

<0 

0 

in 

■T 

0 

00 

N 

•^ 

o-oo-t 

0016 

■0 

-•       > 

i     <- 

rj 

-     3 

3 

=      u 

U 

"  0002 

0008 

0002    oood 


Kio.  4. 


WILSON  :   THE    MAGNETIC   SHIELDING   OF    LARGE   SPACES. 


519 


the  current  of  0-457  ampere  in  No.  4  coil,  and  gradually 
reducing  it  by  stages  during  reversal,  the  force  was  reduced 
to  0-00193  and  was  still  positive.  The  results  of  this  and 
succeeding  experiments  are  summarized  in  Table  3. 

Table  3. 


Initial  Demagne- 
tizing Current  in 
Coils  I.  2,  3, 
in  amperes 

Interior  force  in  C.G.S.  Units 

Steady  Current  in 
No.  4  Coil. 
in  amperes 

After  breaking 
Current  in  No.  4 
Coil 

After  Demagne- 
tizing with  Current 
in  Xo.  4  Coil 

—  0-457      " 

-  0893 

-2-5 

47 

5-0 
9-2 

+  0-00324 
+  O'0I22 
+  0-0275 

+  000193 

+  o-oioi 

+  0-0224 

The  figures  given  in  Table  3  show  that  a  positive  force  of 
varying  magnitude  can  be  produced  in  the  hollow  of  the 
shield  by  demagnetization  of  the  shells  when  they  are 
surrounded  by  a  magnetizing  coil  carrying  a  current  which 
produces  a  force  opposed  to  that  of  the  earth. 

The  last  recorded  experiment  in  Table  3  is  illustrated  by 
curves  i  and  2  in  Fig.  4  and  the  procedure  was  then  to 
demagnetize  the  shells,  with  no  steady  currents  in  No.  4 
coil,  by  passing  initial  currents  of  ascending  magnitude 
4-8,  7-5,  and  10-2  amperes  through  coils  i,  2,  3,  in  series. 
The  force  was  thus  reduced  by  stage?,  as  shown  by 
curves  3,  4,  5,  from  its  positive  value  of  0-0224  C.G.S.  units, 
until  finally  with  an  initial  current  of  12-5  amperes  a 
negative  force  of  0-0073  C.G.S.  units,  as  shown  by  curve  6, 
was  obtained  at  about  6y-  on  the  axis  of  abscissas. 

Starting  with  this  negative  force,  the  concluding  stages 
shown  in  Fig.  4  were  reached.     A  current  of  0675  ampere 


was  maintained  in  No.  4  coil  in  such  a  direction  as  to 
oppose  the  earth's  field  inside  the  coil.  With  an  initial 
current  of  19  amperes  the  shells  were  demagnetized  as 
before,  and  the  current  in  No.  4  coil  was  broken.  The 
result  is  shown  in  curve  7.  The  current  in  No.  4  coil  was 
re-made  and  reduced  by  steps  during  the  reversal. 
Curve  8  was  then  taken,  and  shows  a  negative  force  at 
about  70^  of  value  0-0013  C.G.S.  units. 

Adopting  the  same  procedure  with  a  steady  current  of 
0-751  ampere  in  No.  4  coil,  and  an  initial  demagnetizing 
current  of  1-9  amperes  in  coils  Nos.  i,  2,  3,  curves  9  and  10 
were  obtained.  This  final  curve  has  ordinates  at  angles 
315°  and  135=  of  magnitude  o-ooi  C.G.S.  units,  and  the 
ordinate  at  about  70"  is  0-00117  C.G.S.  units.  This  force 
of  0-00H7  C.G.S.  units  is  regarded  as  the  true  effect  of  the 
earth's  field  in  the  hollow  of  the  shield.  After  a  rest  of 
three  weeks  the  interior  of  the  shield  was  again  explored 
by  the  inductor,  and  the  resulting  curve  1 1  shows  that 
there  is  a  slight  change,  tending  towards  the  negative  force 
which  would  be  imposed  by  the  earth's  field,  but  for  the 
superposed  effects  of  residual  magnetism. 

The  best  results  are  obtained  when  the  current  in 
No.  4  coil  annuls  the  effect  of  the  earth's  field.  It  is  found 
that  currents  ranging  from  about  0-2  to  i  ampere  enable 
good  results  to  be  obtained,  the  best  result  being  with 
about  0-75  ampere,  which  was  the  current  previously  found 
necessary  to  annul  the  steady  effect  of  the  earth. 

Assuming  the  force  of  the  earth  to  be  05, this  final  result 
indicates  a  shielding  ratio  of  427.  Reference  to  Table  i 
shows  that  for  this  ratio  with  four  shells  the  average  per- 
meability is  higher  than  300.  It  seems  possible  that  the 
permeability  of  the  innermost  shell  must  be  of  a  high  order, 
with  diminishing  values  for  the  other  shells  until  the  outer- 
most one  is  reached.  The  increase  in  permeability  which 
occurs  in  iron  when  it  is  demagnetized  in  a  magnetic 
shield  would  on  this  theory  receive  an  interpretation. 
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PRESSURE    DROP   CLRVES    FOR   COPPER   OVERHEAD  LINES. 

By  G.   N.  Wkight,  Associate  Member. 
{Rtuivcd  l8  July,  I917.) 

EXPLAXATORY  NoTE.-The  accompanying  curves  (Fig.  i^  The  curves  will  be  found  to  be  absolutely  correct  for  a 

were  drawn  so  that  the  true  pressure  drop  (i.e.  the  differ-  3,000-volt   line   two    miles    long,    or   an    ii-000-volt    line 

cncc  between  the  voltage  at  the  generating  end  and  the  2  x  11,000  H- 3.000=  7  13  miles  long,  or  a  aoooo-voll  hne 

:  the  receiving  end)  on  a  three-phase  4o.period  2  x  20,000 -f- 3,000 -•=  13  1/3     miles     long,    or    a    440-volt 

line  at   any   load  could  be  found   readily  and  line   2  x  440 -^ 3,000  =  03   miles    long,   loaded    to    1  000 

without    complicated    calculations.       By    working      out  amperes  per  sq.  in.  ;  or  for  double  these  lengths  loaded 


150  HO  i>J  120  no  100  30   60   70    00  5*»   -JO  30   20    10    o    -10      ~         24'  ^o  .16    ^z'  48"  54"  <\o 

True  total  dnop  between  phAaea  m  valta  per  mile  when  lodd  •  l.ooodfnps.persq  m       Spicinf(»Oi;t<iflC£in  inches  between  condgcCorsJ 

Kio    I. — Curves  showing  vollaRc  drop  on  copper  ovcrhc.id  lines. 

S\l4    —T^.t-Kf  cu'vci  ire  i  •!  u*<   .t.  J  i'>  (MTiod  »)-«tcn).  bill  i(.c\  .  HI  1h  Kidr.y  corrected  foe  other  frcqucnclc*  (•«  paRc  51 1) 

'  '  >  Ihit  Ihc  I'  I  line  with  o  1  mj  In.  conduclora  at  36  in  tpicini:  and  liiadcd  lo  i.ono  ampere*  per 

•*<•**  i^er  nillc  (o(  '.  lymmetHcally.  and  loN  vutti  per  mile  for  conductors  arr;tnf:od  In  the  umc  plant 


a  ft  > 


It  has  been  proved  tliat  though  these 

I   for  a   i.ooo-volt   line  two  miles  long 

V  arranged  .tikI  loaded  to  i,<xk) 

liir  other  cuinmcrcial  lengths 

line  and  other  voltages  i<t  tjuite  negligible 

cr  inaccuracy  might  be  expected  in  taking 

'  the  curve  ilMilf. 

<p  when  the  load  i»  other  than  1,000  amperes 


per  Mj.  in.  may  be  found  by  simple  proportion. 


only  to  500  amperes  per  sq.  in.,  or  loi  hall  tlicse  lepglli> 
lo.ided  to  2,000  amperes  per  sq.  in. 

Where  Ihc  length  of  line  is  less  or  the  current  density 
lower,  Ihc  curve  reading  will  be  slightly  higli,  and  con- 
versely when  the  length  of  line  is  greater  or  the  current 
density  higher  the  curve  reading  will  be  slightly  low  ;  but, 
as  mentioned  above,  the  error  is  negligible,  lu-ing  less  than 
I  per  cent  for  any  commercial  proposition. 

Alfred  HayS  formula   for  inductance  was  used  in  the 
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calculations,  namely,  inductance  per  mile  of  single-phase 
line  in  henries  =  148  X  lO"-"  log„  (rf/r). 

Capacity  has  been  disregarded  as  negligible,  it  being 
assumed  that  the  curves  will  not  be  used  for  voltages  higher 
than  those  likely  to  be  adopted  in  this  country. 

Besides  being  useful  for  calculations  of  voltage  drops, 
the  curves  bring  clearly  to  light  the  fact  that  though 
smaller  conductors  give  higlier  inductance  than  larger  ones 
for  the  same  spacing,  the  ratio  of  reactance  to  resistance 
for  small  conductors  is  less  and  therefore  the  actual  drop 
is  less  at  the  same  loading  per  square  inch  for  loads  with 
lagging  power  factors. 

To  make  the  curves  of  more  general  use,  the  following 
particulars  for  conductors  in  the  same  plane,  for  single- 
phase  lines,  and  for  split-conductor  lines  have  been  added, 
and  also  those  for  other  frequencies,  though  the  curve  does 
not  allow  for  skin  effect  which  would  be  present  at  verj' 
high  frequencies  : — 

If  the  line  under  consideration  has  conductors  arranged 
in  the  same  plane,  a  point  7  per  cent  higher  should  be 


If  the  line  under  consideration  is  a  split-conductor  one 
with  conductors  arranged  as  shown  in  Fig.  3,  consider  one 
circuit  only  as  before,  and  after  finding  the  point  on  the 
reactance/resistance  line  corresponding  to  the  size  of  con- 
ductor and  spacing,  add  7  per  cent  on  account  of  con- 
ductors being  in  the  same  plane,  and  to  this  new  figure 
add  40  per  cent  (this  covers  the  effect  of  mutual  inductance 
between  circuits)  before  looking  across  to  the  left. 

The  percentages  are  average  figures,  as  they  vary  slightly 
with  different  spacings  and  sizes  of  conductors,  but  when 
used  for  any  commercial  proposition  the  error,  if  any,  is 
very  slight  and  may  be  considered  negligible. 

It  may  be  seen  from  the  above  that  the  pressure  drop  on 
a  split-conductor  line  is  considerably  less  than  that  on  a 
single-circuit  line  having  conductors  of  double  the  area 
and  carrying  the  same  load  if  this  load  is  at  a  lagging 
power  factor. 

To  ascertain  the  short-circuit  current  of  any  three-phase 
line  (i.e.  the  current  which  woukd  momentarily  flow  if  the 
three  phases  were  dead  short-circuited  at  the  receiving 
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taken  on  the  reactance/resistance  line  before  looking  across 
to  the  left. 

If  the  line  is  a  single-phase  one,  15  per  cent  should  be 
added  to  the  drop  obtained  from  the  curves. 

If  the  periodicity  is  other  than  40  a  new  point  should  be 
taken  on  the  reactance'resistance  line  corresponding  to  the 
original  reading  multiplied  by  (new  periodicit}''4o)  before 
looking  across  to  the  left. 

If  the  line  under  consideration  has  aluminium  con- 
ductors a  new  point  should  be  taken  on  the  reactance/ 
resistance  line  corresponding  to  the  original  reading  multi- 
plied by  o'6  before  looking  across  to  the  left,  and  the  drop 
obtained  should  be  multiplied  by  i-66. 

It  may  be  seen  from  the  curves  that  in  comparing  a 
copper  line  with  an  aluminium  line,  the  latter  having  con- 
ductors of  equal  conductivity  to  the  conductors  on  the 
former,  the  true  drop  for  the  same  load  at  the  same  power 
factor  =•=  is  less  for  the  aluminium  line  than  for  the  copper 
line  if  the  spacing  is  the  same  in  both  cases,  but  if  the 
spacing  of  the  aluminium  conductors  has  to  be  increased 
on  account  of  the  greater  sag,  this  almost  exactly 
neutralizes  the  saving. 

If  the  line  under  consideration  is  a  split-conductor  one 
■with  conductors  arranged  as  shown  in  Fig.  2,  consider  one 
circuit  only  (the  drop  on  the  other  circuit  will  naturally  be 
the  same),  and  after  finding  the  point  on  the  reactance/ 
resistance  line  corresponding  to  the  size  of  conductor  and 
spacing,  add  7  per  cent  on  account  of  conductors  being  in 
the  same  plane,  and  to  this  new  figure  add  6  per  cent  (this 
covers  the  effect  of  mutual  inductance  between  circuits) 
before  looking  across  to  the  left. 

•  When  this  power  f.ictor  is  a  lagging  one. 

Vol.  .55. 


end   and   the   voltage   at   the    generating    end   was   kept 
constant),  let 

a  =  value  of  reactance/resistance  for  this  line  as  obtained 

from  the  curve. 
b  =  length  of  the  line  in  miles. 
c  =  area  of  each  conductor  in  square  inches. 
rf  =  voltage  at  generating  end. 

Then,  short-circuit  current  in  amperes 
dx  c  X  40 


6  X  v/  (i  +1°)  X  3' 

If  the  short-circuit  current  of  a  single-phase  line  is 
required,  or  if  only  two  of  the  three  phases  are  short- 
circuited,  the  above  formula  may  be  used,  but  13  per  cent 
must  be  deducted  from  the  result  obtained. 

Incidentally  the  points  where  the  lines  giving  the  power 
factor  of  the  load  intersect  the  line  for  which 

reactance 


resistance 


give  approximately  the  true  pressure  drop  between  phases 
per  mile  on  a  three-core  cable  when  the  conductors  are 
loaded  to  1,000  amperes  per  sq.  in.,  and  the  approximate 
true  drops  for  other  lengths  and  loading  may  be  found  by 
simple  proportion.  No  allowance  for  capacity  is  made, 
but  the  capacity  current  in  most  cables  makes  very  little 
difference  to  the  actual  drop.  The  results  given  by  the 
curve  are  of  course  the  more  correct  the  lower  the  voltage 
at  which  the  cable  is  working  and  the  heavier  the  amperes 
per  sq.  in.  per  conductor. 
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Note. 

In  December  igio,  a  Committee  was  appointed  bv  tlic 
Institution  to  prepare  a  Standard  Specit'ication  for  Street 
Lighting.  The  Committee  was  subsequently  enlarged 
by  the  addition  of  representatives  of  The  Institution  of 
Gas  Engineers,  The  Institution  of  Municipal  and  County 
Engineers,  and  The  Illuminating  Engineering  Society,  and 
was  constituted  as  follows  : — 


Street  Lichting  Specification*  (Joint)  Committee. 

\V.  H.  P.-itcIicll  (chairman). 

The  President  I.E.E.  (ex-officio). 
F.  Bailey.  Professor  J.  T.  MacGrcgor- 

I.  W.  Bradley.  Morris. 


K.  Kdgcumbc. 
H.  T.  Harrison. 


S.  L.  Pearcc 
A.  P.  Trotter. 


Ci.  F.  Carter. 

K.  J.  EUord. 

T.  \V.  A   Hayward. 

E.  B.  B.  Newton 

N.  Scwrgie. 


I 


AND 


RcfTCsailing  The  Institution  of 
Municipal  and  County  Engi- 
neers. 


J.  Itond. 
F.  J.  Bywaler. 
S.  Y.  Shoubridgc. 
R.  Watson. 

L.  Gasler. 

F.  W.  Goodcnough. 

J.  W.  Ifc. 


[Kcfrcsenting  The  Imlilutipn  of 
Gas  Engineers. 


'Representing   The    Illuminating 
I      Engineering  Society. 


After  certain  preliminary  clauses  had  been  agreed  upon, 

'■■•  'cd  Ix)ndon  streets  were  classified  by  municipal  sur- 

•     serving    on     the     Committee,    and     photometric 

'    lakeii  in  each  of  them. 

'd  were  embodied  in  further  clauses 

1    to   l>c    generally   acceptable   to  all    the 

<    (Vimmittcc,  subject  to  the  settlement  of 

'  <•   of    opinion    between    the    gas 

■'-■■  lining  members  of  Ihc  Coinmillec 

the  character   of   the   illumination    on   which    Ihc 

i,,   1..  .<...„  'tiould  be  based. 

Tl'  "f  the  majority  was  that  the  proper  basis  t.s 

':.inimum  horizontal  illumination,"  and  this  was 

■  d  ill  an  intrrim  draft  for  the  consideration  of 

•nccrncd.     Countrr-propo\.iK  thai  "candle- 

I    be    Ihc    basis    were    received    from    the 


Institution  of  Gas  Engineers,  but  the  Specification  was 
substanti.-illy  accepted  by  the  Councils  of  the  Institution 
of  Municipal  and  County  Engineers  and  of  the  Illuminating 
Engineering  Society,  and  also  by  the  electrical  representa- 
tives on  the  Committee. 

With  the  object  of  thoroughly  ventilating  the  question  in 
the  hope  that  some  means  might  be  found  of  reconciling 
the  views  of  the  majority  with  those  of  the  minority,  the 
Specification  was  discussed  at  a  general  meeting  of  the 
Illuminating  Engineering  Society  on  the  15th  .April,  1913, 
in  the  form  of  a  paper  by  Mr.  A.  P.  Trotter  containing  the 
draft.  The  views  there  expressed  were  considered  at  sub- 
sequent meetings  of  the  Committee,  when  it  becime  evident 
that  the  two  bases  proposed  were  irreconcilable  and  that 
unanimous  adhesion  to  cither  Kisis  would  be  unobtainable. 

Further  efforts  have  been  made  to  fr.inic  such  a  clause 
as  would  be  acceptable  to  the  minority  but  without  result, 
and  as  the  matter  has  now  been  under  consideration  for 
over  six  years  it  has  been  decided  to  publish  the  Specifi- 
cation as  it  now  stands  as  a  Majority  Report  (see  page  523). 
It  is  hoped  th.it  it  may  be  found  useful  when  the  methods 
of  street  lighting  are  reviewed  .ifter  the  War. 


Statement  rv  Minority  ok  the  Committee. 

The  Counol  of  the  Institution  of  Gas  Engineers  at  an 
early  d.itc  expressed  their  opinion  that  the  appraisement 
of  street  lij^hling  in  terms  of  the  minimum  liorizontal 
illumination  obtained  is  not  a  correct  method  of  measuring 
the  illumination  given  by  street  lamps,  inasmuch  as  it  is 
afTcctcd  by  the  light  given  from  other  source';,  of  varying 
intensity  in  different  places  and  at  different  times.  At  a 
meeting  of  the  Joint  Committee  held  on  the  24th  January, 
1916,  it  was  agreed  to  appoint  aSub-Commitlee  to  consider 
and  report  on  a  propositi  to  amend  the  Specification  so 
■as  to  ensure  a  statement  of  both  maximum  and  miiiimnm 
horizontal  illumination  with  defined  ratios.  Such  an 
amendment  would  have  coiiKiderably  modified  and  lessened 
the  objection  to  the  Specil'ication  as  previously  drafted. 
11  is  regrettable  that  the  Sub-Commitlee  were  unable  to 
find  a  suitable  form  of  words  to  bring  forward,  and 
that  no  such  amendment  is  therefore  to  be  included. 
The  Council  of  the  Institution  of  Gas  Engineers  fivmally 
express  their  opinion  th.at  contracts  for  street  lighting 
should  be  ba<-ed  on  the  average  candle-power  of  light 
sources  ascertained  at  two  or  three  defined  angles. 
Tills,  in  the  opinion  of  the  Council  of  the  Institution  of 
Gas  Engineers,  is  the  simplest  .ind  most  correct  method, 
and,  moreover,  would  avoid  the  possibility  of  disputes 
arising  from  the  more  i>i  Ir-s  uncertain  measurement  of 
minimum  hoii/ont.il  fnoicandlc  values. 
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STANDARD     CLAUSES     FOR     IN'CLUSION     IN     A 
SPECIP'ICATION    FOR   STREET    LIGHTING. 

1.  Intent  of  tender. — The  Formof  Tender  lieaded  "  Light- 
ing of  .  .  .  .  "  includes  the  provision,  fixing,  connection, 
and  maintenance  of  all  lamps  necessary  for  obtaining  the 
illumination  specified  in  the  Schedule  and  according  to 
the  provisions  of  the  Specitication. 

2.  Unit  of  measurement. — This  Specification  is  based  on 
illumination,  the  unit  of  measurement  being  one  foot- 
candle. 

3.  Classification  of  streets. — For  convenient  reference  the 
streets  are  classified  as  having  a  minimum  illumination 
as  follows  : — 


Class  A 
„  B 
„  C 
„  D 
„     E 


o'oi  foot-candle 

0-025 

0-04  „ 

o'o6  „ 

O'lO  „ 


Street  lighting  at  a  lower  minimum  illumination  than 
o'oi  foot-candle  maj-  be  specified  by  the  height  and  dis- 
tance apart  of  the  lighting  units  and  the  candle-power 
as  measured  in  the  direction  of  the  thoroughfare  at  an 
angle  of  10  degrees  below  the  horizontal. 

4.  ilini>\>um  iltiiwiiiation. — The  ''minimum  illumination" 
of  a  street  means  the  minimum  illumination  on  a  horizontal 
plane  at  a  height  of  3  ft.  3  in.  above  the  ground-level 
and  may   be  measured  by  means  of  : — 

{a)  Any  suitable  illumination  photometer,  or 
(b)  Any  suitable  photometer  adapted  for  use  in  the  street 
which  will  measure  the  candle-power  of  the  lamps 
in  those  directions  which  meet  at  the  point  of 
minimum  illuminations.  In  this  case  the  minimum 
illumination  will  be  calculated  b\'  adding  together 
the  values  of  the  illumination  received  from  each 
lamp  that  materialh'  contributes  to  the  result.  In 
this  connection  a  useful  table  will  be  found  in 
Appendix  A. 

5.  Special  illumination. — The  special  illumination  of 
certain  positions  indicated  on  the  accompanying  map 
(marked  .  .  .)  such  as  the  corners  of  cross  streets  are  dealt 
with  by  specifying  the  positions  and  heights  of  lamps  and 
illumination  at  those  points. 

6.  Tvpe  of  photometer. — The  photometer  sliall  be  of  the 
(insert  name)  type  or  of  such  other  type  as  may  be  agreed 
between  the  parties. 

7.  Position  of  lighting  units. — The  approximate  positions 
of  certain  lighting  units  are  indicated  on  the  accompany- 
ing map  and  are  correct  within  the  limits  of  deviation 
marked  thereon.  The  Contractor  shall  indicate  the  posi- 
tions of  all  the  lighting  units  either  by  completing  the 
said  map  or  by  a  descriptive  Schedule  accompanying  his 
Tender. 

8.  Particulars  of  lighting  units.— The  number  and  de- 
tailed particulars  of  each  type  of  lighting  unit  included  in 
the  Tender  must  be  included  in  the  space  provided  for 
that  purpose  in  the  Schedule,  including  the  height  at  which 


it  is  proposed  to  place  the  centre  of  light  of  each  type 
of  unit  above  the  street  surface,  subject  to  the  minimum 
given  in  the  Schedule. 

Q.  Drawings. — Drawings  of  all  details  as  required  by  the 
Specification  shall  accompany  the  Tender. 

10.  Samples. — Samples  shall  be  submitted  if  required 
before  the  acceptance  of  the  Tender. 

11.  K umber  of  lighting  units. — The  Tender  shall  include 
a  quotation  for  the  provision,  fixing,  and  connection  of 
the  necessary  apparatus,  and  the  price  per  annum  for 
maintenance  and  for  .  .  .  hours'  lighting,  in  respect  of  each 
type  of  lighting  unit  as  called  for  by  the  Form  of 
fender. 

12.  Additional  lighting  units. — The  Contract  will  provide 
for  additional  lighting  units  if  required,  such  increase  not 
to  exceed  .  .  .  per  cent,  and  to  be  paid  for  at  the  quoted 
rate  per  lighting  unit. 

13.  Tests. — A  test  of  the  illumination  shall  be  made  under 
such  normal  atmospheric  conditions  as  will  not  appreci- 
ably affect  the  accuracy  of  the  result  and  at  a  fairly  selected 
point  not  being  in  the  shadow  of  a  mantle,  lamp,  electrode, 
lantern  bar,  post,  tree,  or  other  obstruction. 

When  a  minimum  illumination  or  candle-power  of  light- 
ing unit  is  specified  it  shall  be  held  that  such  minimum  is 
obtained  if  the  average  of  the  measurements  of  any  three 
minima  between  consecutive  lighting  units  of  the  same 
type  does  not  fall  below  it. 

14.  Contract  to  be  signed. — The  Tender  shall  contain 
the  usual  clause  that  the  provisions,  conditions,  and 
prices  named  therein  shall  form  the  basis  of  a  Contract 
containing  the  necessary  legal  provision  to  ensure  its 
fulfilment. 

Note  i.  Special  clauses. — Each  Specification  may  con- 
tain clauses  in  addition  to  the  foregoing. 

Note  2.  Detail  prices. — In  cases  where  the  Specification 
only  calls  for  the  supph',  delivery,  erection,  and  connecting 
up  of  the  lamps,  or  any  of  these  items,  the  following 
further  details  may  be  called  for  : — 

{a)  The  cost  of  the  necessary  fittings  (excluding  cost 
of  renewable  parts  such  as  lamps  or  mantles) 
delivered  on  site. 

(6)  The  cost  of  erecting  the  same. 

(c)  The  cost    of    connecting    the   same    to    source    of 

supply. 

(d)  The  quantity  of  gas,  oil,  or  electricity  required   to 

maintain  the  degree  of  illumination  specified  and 
the  pressure  at  which  such  gas,  oil,  or  electricity 
is  to  be  supplied. 

Note  3.  Detail  maintenance. — It  may  also  be  necessary 
in  some  cases  to  call  for  the  cost  of  maintenance  divided 
up  under  the  following  headings  : — 

(i)  Maintenance  of  all  parts  such  as  posts,  fixtures,  or 

fittings,  including  cost  of  cleaning  and  painting  at 

stated  intervals. 
(2)  Maintenance  of  all  renewable  parts  such  as  mantles, 

lamps,   or   carbons,   including    labour   connected 

therewith. 
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In  addition  to  the  necessary  lcf;al  provision  to  ensure  its 
•    the  Contract  will  also  include  provisions  for  : — 

;ring  the   lightinf;  of  all   lamps  during;  fog,  at 

prices  to  be  quoted. 
(jt  Execution  of    work   in    such    manner    as     may   be 

nccessarj'  for  the  convenience  and  safety  of  the 

public 
(3)  Indcmni/>'ing  the  Council  against  claims  arising  out 

of  the  execution  or  maintenance  of  the  work  or 

failure  of  the   lightins;. 
(4'  ■  for  work  done. 

(5  lies  of  the  Contractor  and  to 

cniorcc  the  conditions   of   the   Specificition  and 

Tender  with  due  regard  to  practical  difliculties,  the 

following  clause  being  suggested  as  a  guide  : — 

The  intention  of  the  Contract  is  that  during  the 
maintenance  guarantee  period  of  a  Construction 
Contract  and  during  the  term  of  a  Lighting 
Contract  the  Contractor  shall  assure  himself 
that  the  lamps  he  provides  are  during  lighting 
hours  fulfilling  in  all  respects  the  requirements  of 
the  Contract  and  he  shall  not  claim  relief  from 
the  conditions  of  the  Contract  on  the  grounds  of 
non-notification  on  the  part  of  the  Council 
of  any  failure  to  comply  with  the  terms  of  the 
Contract. 


Appendix  A. 

The  table  below,  which  was  originally  calculated  by  Mr. 
H.-iydn  T.  Harrison  to  show  the  candle-power  required 
to  produce  a  minimum  illumination  of  o'oi  foot-candle  on 
a  horizontal  pUinc  3  ft.  from  the  ground,  midway  between 
two  l.iinps  of  a  given  height  and  distance  apart,  has  been 
recalculated  by  Mr.  M.  Wilson  of  the  Board  of  Trade  for 
a  height  of  j-jS  ft.  inste.id  of  3  ft.  3  in.  referred  to  in 
Clause  4,  thus  approximating  more  closely  to  the  metre. 
The  difference  in  the  result,  less  than  half  of  one  per 
cent,  is  of  course  inappreciable.  The  following  is  an 
example  : — 

H  =  height  of  lamp,  //  ^  height  of  photometer,  D  =  dis- 
tance apart  of  the  lamps,  all  in  feet.  Let  H  =  i2,  h  =3-28, 
D=ioo.  Then  (H —/i)'  +  (D/2)"  =  257604.  Since  D/2  is 
50,  look  out  in  a  table  of  squares  and  cubes  the  square  of. 
a  number  rather  larger  than  5,ocx>,  the  nearest  square  to 
25,760,400,  and  take  its  cube.  This  number  is  5,075,  the 
square  is  25,755,625,  and  the  cube  is  130,709,796,875,  of 
which  the  first  five  figures  are  sufticient.  Hut  the  fourth 
figure  of  the  square  is  not  an  exact  fit,  and  by  proportion 
the  cube  is  taken  as  130,74a  As  two  lamps  contribute 
to  produce  O'oi  foot-candle,  the  cube  is  divided  by 
2(H— /i)xioo.  Then  130,740/1,744  =  74-97,  which  is 
given  in  the  table  as  75.  If  the  photometer  is  3-25  ft. 
high,  the  candle-power  is  7472. 


Table  filling  the  candU-fcncer  I  necasary  to  produce  a  iimumum  lUuminiiiion  cj  001  root-candle  oti  a  hohzcntol  flant 
3  //.  3I  in.  ahcne  the  ground.  D  is  the  distance  apart  oj  the  lamps.  9  is  the  angle  uhich  the  ray  makes  uith  the 
kemzonlal. 
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45th    annual   general    MEETING,    17    MAY,  1917. 


(Held  in  the  rooms  of  The  Institution  of  Civil  Engineers.) 


Mr.  C.  P.  Sparks,  President,  took  the  chair  at  6  p.m. 

The  minutes  of  the  Ordinary  Meeting  held  on  the 
26  April,  1917,  were  ta'cen  as  read,  and  were  confirmed  and 
signed. 

The  President  announced  the  result  of  the  ballot  for  the 
election  of  new  Members  of  Council  (see  page  411),  and  a 
vote  of  thanks  vi'as  passed  to  the  scrutineers  of  the  ballot 
(Mr.  J.  O.  Girdlestone,  Mr.  F.  B.  O.  Havires,  and  Professor 
J.  T.  MacGregor-Morris). 

The  list  of  candidates  for  election  and  transfer  approved 
by  the  Council  for  ballot  was  taken  as  read,  and  was 
ordered  to  be  suspended  in  the  Hall. 

Messrs.  A.  Dover  and  H.  L.  Leach  were  appointed 
scrutineers  of  the  ballot  for  the  election  and  transfer  of 
members,  and,  at  the  end  of  the  meeting,  the  result  of  the 
ballot  was  declared  as  follows  : — 

Elections. 


Associate 

Black,  Robert  Thomas  C. 
Blackiston, Hampton  Ernest. 
Butterfield,  James  Henry. 
Catterson,  Selsby  Mitchell. 
Ellis,  Augustine  ap. 
Martin,  Thomas  Dawson. 
Munday,  George  William. 


Webb,  Herbert  James  G. 


Associates. 


Members. 

Murray,  John  Glassford. 
Pearson,  George  William. 
Penny,  George  Ernest  R, 
Robertson,  Robert  Knight. 
Rutter,  Gordon  Hagreen. 
Smith,  Arthur  William  B. 
Thomas,  William  John. 


Nickless,  John  Ernest.  Policy,  James  Hilisdon. 

Zapp,  Albert. 


Graduates. 


Gibbins,  John. 

Harriss,  George  Sydney. 

Leaver,  Henry. 

Lee,  Zoau  Nion  Henry. 

Pike,  Frederick  Andrew. 


Redgrave,  Harry  Conway. 
Ross,  George. 
Stubbs,  Albert. 
Taylor,  Albert  Jesse. 
Wakeling,  Arthur  Beverly. 


Xenakis,  James  J. 


Baird,  William. 
Barry,  William  Cyril. 
Butler,  Archibald  Stephen. 
Cho,  Wong  'lai. 
Hazelwood,  Harry. 
Howard,  Henry  John. 
Kwong,  Au  Kim. 


Students. 

Lai,  Hau  Chin. 
Lewis,  Edward  Weston. 
Mahon,  Brian  Ernest. 
Ogilvie,  Harold  Erskine. 
Peek,  Arthur  Stanley. 
Strickland,  Albert. 
Ward,  Percy. 


Chorlton, 
Leofric. 
Cross,  William. 


Watts,  Arthur  James  C. 


Transfers. 

Associate  Member  to  Member. 
Alan        Ernest      Douglas,  Clifford  Hugh. 


Hill,  Edmund  Lewin. 
Joyce,  Sydney  Arthur. 
Twiss,  George  Victor. 

Associate  to  Member. 
Macrory,  Robert  Valentine. 


Graduate  to  .Associate  Member. 
Bamford,  Henry  Martindale.     Mclntyre,  Douglas  Wilson. 

Slorach,  James  William. 


James,  Ernest  Frederick. 


Student  to  .Associate  Member. 
Gill,  Percy  Leach.  Newbury,  Alfred  Donald. 

Student  to  Graduate. 
Penard  Fernandez,  Enrique.     Tyrrell,  Frederick. 

The  following  donations  were  announced  as  having  been 
received,  and  the  thanks  of  tlie  meeting  were  accorded  to 
the  donors  : — 

Building  Fund  :  M.  L.  Delanoy. 

Library :  H.  Allcock,  The  Association  of  Supervising 
Electricians,  Messrs.  Crosby  Lockwood  and  Son,  A. 
Dickinson,  R.  B.  Matthews,  and  The  Smithsonian 
Institution. 

The  President  :  Before  taking  the  ordinary  business  Mr.  Sparks, 
for  which  we  have  been  called  together,  there  is  a  matter 
of  special  importance  with  which  I  propose  to  deal.  After 
2^  years  of  war  on  an  unprecedented  scale,  in  wiiich  we 
and  our  kith  and  kin  have  staked  our  all  in  the  interests  of 
civilization  to  protect  smaller  nations  against  Prussian 
militarism,  and  after  unspeakable  outrages  on  the 
mercantile  marine  of  the  world,  including  the  sinking  of 
the  Lusiiania  without  warning,  and  the  torpedoing  of 
hospital  ships  carrying  both  friend  and  foe,  it  is  with  the 
greatest  satisfaction  we  see  that  the  remaining  Anglo- 
Saxon  nation  has  definitely  enrolled  itself  on  the  side  of 
the  Allies,  thus  endorsing  the  correctness  of  our  country's 
decision  in  August  1914.  The  Council  considered  this 
matter  on  the  26th  April,  and  decided  to  send  a  message 
of  greeting  to  our  kindred  Institution  in  America,  but  in 
view  of  the  annual  general  meeting  it  was  decided  to 
postpone  action  until  to-day.  I  have  now  to  propose  that 
the  following  message  be  sent  by  cable  : — 

"  The  President,  Council,  and  members  of  the  Institution 
of   Electrical   Engineers   jend   hearty  greetings   to   their 
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brethren  of  the  American  Institute  of  Electrical  Knginccrs. 
and  licrcbv  express  to  them  their  sincere  appreciation  of 
the  cntr>'  of  the  great  American  nation  into  tbc  War  on 
behalf  of  civilizition  and  its  ideals,  and  of  the  deep 
significance  of  their  action  for  the  cau>c  of  the  British 
Empire  and  it-*  Allies." 

The  message  will  also  l>c  suitably  engraved  on  vellum 
and,  after  Ixing  scaled  and  signed  by  the  President,  the 
President-elect,  and  the  Secretary,  will  be  despatched  to 
the  L'nitcd  States  as  soon  as  possible. 

Mr.  C  H.  WoRDiXGHAM  :  It  affords  me  the  keenest 
pleasure  fo  second  this  proposal.  There  arc  few,  if  any, 
of  us  who  do  not  number  among  our  friends  many 
individual  Americans,  and  I  am  quite  sure  that  our  experi- 
ence of  them  as  individu.^s  has  led  to  our  entertaining  for 
them  the  highest  possible  regard.  We  look  upon  them  as 
our  brothers  in  every  sense  of  the  word.  Many  of  us — 
unfortunately  I  am  not  among  the  number— know  America 
as  well  as  individual  Americans.  Ihey  have  travelled  in 
America,  and  they  have  experienced  the  hospitality  of 
Americans,  which  is  so  well  known  all  over  the  world,  and 
they  have  found  how  ready  they  are  to  impart  their  know- 
ledge to  their  brother  engineers.  And  those  who  have 
come  back  have,  one  and  all,  been  doubly  impressed  with 
the  American  nation  as  a  whole,  so  that,  both  as  individuals 
and  as  a  nation,  we  regard  them  with  the  greatest 
cordiality.  I  think  it  is  safe  to  s.iy  that  many  individual 
Americans  for  a  long  time  have  wished  that  their  nation 
were  taking  part  in  this  W.ir  which  has  been  going  on  for 
so  long,  and  it  must,  therefore,  be  to  them  a  great  source 
of  gratification  that  their  nation  as  a  whole  has  now  taken 
actinii  on  the  lines  tliat  they  as  individuals  would  have 
wi-l..  d.  and  have  been  wishing,  for  a  long  time  past.  That 
j:  t  still  for  ourselves  because  we  like  to 

lc  ,ns  are  acting  with  us,  and   we  like  lo 

have,  a«  the  I'rcMdcnt  has  alreidy  said,  their  endorsement 
of  out  .ict<on  in  taking  part  in  this  stupendous  War.  One 
cannot  help  feeling  that  if  these  two  great  nations,  the 
Amrrican  nation  and  the  British  nation,  can  purge  tliem- 
kIvcs  of  the  foul  cancer  of  the  Germans  that  has  invaded  | 
t'  .    m.iv,  in  the  not  very  far  distant  future,  come 

j.'reat  federation  of  the  whole  Anglo-Saxon  race. 
Sucli  ,1  icsujt  would  make  for  civilization,  and  perhaps 
mnk'-  f'T  that  far  greater  ideal,  the  re-union  of  Christendom. 
!  very  greatest  pleasure,  therefore,  in  seconding 

i  'ion. 

The  proposal  was  then  put  and  unanimously  adopted. 
T'<-    President   then   gave   a   summary   of   the   Annual 
I  of  the  Council  for  the  year  1916-17  (sec  page  311). 
1 1      ■  ,  s'T  :  I  should  like  to  add  in  connection  with 

Ihc    )  lo   the   nationality   of   members,    that    the 

cards   sent   out   was  .S,>'4i,   and   that 
•  nt  out  lo  i,4Ho  members  who  had  not 
the  fust  card.      The   tf>tal    number   of   replies 
i,i»  4.641.  and  Ihc  number  who  did  not  reply  was 
•Of  courK  a  large  proportion  of  those  1,200  were 
|>i...jilc  who  were  cither  over»c.i»  or  engaged  in  national 
•crvic«   in   »omc   way.     A  careful   scrutiny   of   the    i,Joo 
I  1  that  there  wai  no  special  reason  for  sus- 

;  Ni   Iw  members  who  would  be  affected  by 

«  'I'ln.      Independently   of    the 

I    careful   s»:arcli    was   made 
through  Ihc  record*  of  the  InMilulion  from  1H7J  onwards. 


As  a  result,  41   members  were  struck  off  under  the  new  Mr  spiricv 

Article  of  Associ.ition,  and  there  is  no  reason  to  suppose 

that  there  arc  now  in  the  Institution  any  members  to  whom 

the  Article  would  apply  :  but  if  anv  of  our  members  know 

of  any   such  perhaps   they   will    send   particulars   to    the 

Secretary,    and   the    Council     will    then     make     further 

investigation.     If  any  member  will  write  to  the  Council,  or 

to  me.  or  lo   Mr.  Wordingliam  as  mv  successor,  his  name 

will   not  be  disclosed.      I   now  move  "  That  llie   .\nnual 

Report   of   the    Council   as  circulated    be    received    and 

adopted." 

Mr.  C.   H.  WuKl)lX(iHAM  seconded  the  resolution,  and  Mr  Word- 
there  being  no  discussion,  the  motion  was  then  put  and  '"*  *""' 
unanimously  adopted. 

Mr.   I.   E.    KiNGSDl-HV:  I   have  very   much  pleasure   in  Jf'-    ^ 

'  KiDCWory 

moving  "  That  the  Statement  of  Accounts  and  the  Balance  - 

Sheet  for   1916,  as  presented,  be  received  and  adopted," 
and  perhaps  I  m.-iy  be  expected  to  make  some  comments 
on  the  Accounts.     I  do  not  propose  to  make  those  com- 
ments at  any  length,  because  it  will   be  noticed  that  the 
statement  of  income  and  expenditure  has  in  the  margin 
the  comparative  iigures  for  last  year,  a  method  which  has 
been  adopted  on  the  suggestion  of  a  member  at  the  last 
Annual  Meeting.      The  result  of  the  year  from  the  income 
point  of   view  is,  as  stated  in  the    Report,   a   surplus  of 
income   over   expenditure   of   i:3,776    17s.   7d.,   which    is 
£i,<)2i)  i6s.  7d.   greater   than  tliat   of  the   previous   year. 
That  ^'i,<;29   is  made  up   in    part   by   iiicre.ised    income, 
amounting  to  £664  7s.  Sd.,  and  in  part  by  a  net  decrease 
of  expenditure  of  ^^1,265  8s.  iid.,  which  I  think  it  may  be 
cKiimcd  is  the  result  of  the  efforts  of  the  Council  to  con- 
form to  the  spirit  of  the  age  in  the  exercise  of  economy  so 
far  as  it  can  be  done  with  due  compliance  with  the  objects 
and  aims  of  the  Institution.     I  may  say,  in  regard  to  the 
items  of   expenditure   in    which    increases  have  been  in- 
curred, that  the  only  increases  of  importance  are  in  the 
items   of    National    Service    and     Research,   the    latter   of 
which    may   also   be   regarded   as  an  important   form   of 
National  Service.     The  tot.il  amount  of  our  assets  shown 
in  the  Accounts  is  ;f  120,798.     We  should  get  a  better  idea 
of  the  figures  that  we  really  have  to  deal  with  on  behalf  of 
the  institution  if  we  eliminated  from  those  fiRures  a  sum 
of  ;{6..v8    i8s.  5d.,  which   represents   sums  that   do   not 
belong  to  the  Institution  at  all,  but  are  simply  trust  funds 
in  the  Institution's  hands.     That  amount  appears  on  both 
sides  of  the  balance  sheet,  and  consequently  if  we  reduce 
the  figures  by  that  amount,  we  have  ^  1 14.479  as  assets  and 
;t;36,2(^  .as  liabilities,     yuite  a  ready  metliod   of   finding 
j    what  those  liabilities  consist  of  is  lo  deduct  ;^.^2,7"'  ow>"R 
'    on  mortgages,  which  leaves  as  the  other  liabilities,  i".;..S7'- 
!    If  a  comparison  is  made  of  our  standing  to-day  with  what 
it  was  last  year,  it  will  be  found  tlial  we  arc  A.453  heller 
I    off.     The  net  assets  amount  to  i:7«.i«8   14s.  2d.     These 
as.<iets   consist    of   properties,   securities,   cash,   and   some 
amounts  due  to  us.      The  properties  of   the    Institution, 
taking  the   Institution  buil<ling  al  £70,901,  deducting  the 
mortgage  and  adding  the  sinking  fund,  will  give  f  51,809 
in  the  Institution  building.     Then  there  is  the  properly  ii> 
Tothillstrcet,  which  cost   ;f  19,000  odd  ;  if  we  deduct  its 
morlg-agc  we  have  £y,7f>o  in  land  and  bricks  and  mortar  ii» 
Tothill  street,  and   we  also  have  the  knowledge  that  thi» 
propel ty  is  in   a   very  improving   neighlHJurhood.     Thciv 
there  arc  investments  ol    £10,478,  on  the  same   basis  oL 
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valuation  as  the  preceding  accounts.  It  was  suggested  at 
the  last  Annual  Meeting  that  it  might  be  desirable  to  take 
those  securities  at  their  value  on  the  date  of  making  up  the 
accounts  instead  of  at  cost.  That  has  been  very  carefully 
considered,  and  the  result  is  that  the  accounts  in  the 
present  form  continue  at  cost.  Then  there  is  in  cash  and 
what  is  as  good  as  cash,  ;£"6,4i4.  Adding  the  library, 
furniture,  and  a  somewhat  useful  stock  of  paper,  sundry 
debtors,  and  items  paid  in  advance,  makes  a  total  of 
;f8i,76o,  from  which  have  to  be  deducted  those  liabilities 
other  than  the  mortgage,  to  which  I  referred  just  now,  of 
;£3>S7i  13s-  9<i-,  which  gives  the  net  assets  as  ;£78,i88.  I 
do  not  think  there  is  anything  else  for  me  to  do  except  to 
move  the  Resolution,  and  to  say  that  if  any  member  desires 
any  information  I  shall  be  glad  to  give  it  to  him  if  it  is 
within  my  knowledge. 

The  resolution  was  seconded  by  the  President,  and  after 
a  question  by  Mr.  L.  B.  Atkinson  in  regard  tohfe  composi- 
tions, which  was  answered  by  Mr.  Kingsbury,  the  President, 


Mr. 

Kingsbur 


and  Mr.  S.  Sharp,  the  resolution  was  put  to  the  meeting  and 
carried  unanimously. 

The  President  :  I  now  have  to  propose  "  That  the  best  Mr.  Sp.iri 
thanks  of  the  Institution  be  according  to  the  following 
officials  for  their  valuable  services  during  the  past  year  : — 
The  Honorary  Secretaries  of  the  Local  Sections  ;  tlie  Local 
Honorary  Secretaries  and  Treasurers  abroad  ;  the  Honorary 
Treasurer,  Mr.  J.  E.  Kingsbury ;  the  Honorary  Auditor, 
Mr.  Sidney  Sharp  ;  and  the  Honorary  Solicitors,  Messrs. 
Bristows,  Cooke,  and  Carpmael." 

The  resolution  was  seconded  by  Mr.  R.  A.  CHATTOCKand 
was  carried  unanimously. 

Mr.  A.  A.  C.  SwiXTON  :  I  have  much  pleasure  in  proposing 
"  That  Mr.  Sidney  Sharp  be  elected  Honorary  Auditor,  and 
Messrs.  Allen,  Attfield  &  Co.  Auditors  for  the  year 
1917-18." 

This  motion  was  seconded  by  Mr.  L.  B.  Atkin'sox,  and 
was  carried  unanimously. 

The  meeting  adjourned  at  6.55  p.m. 


Mr. 
Ch.ittock, 


Mr. 
Swinton, 


Mr. 
Atkinson, 
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Mr.  C.  P.  Sp.arks,  President,  took  the  chair  at  7  p.m. 

The  notice  convening  the  meeting  was  taken  as  read. 

The  President  :  I  will  briefly  explain  the  object  of  the 
meeting.  Last  year  we  were  faced  with  a  difficult  problem 
when  dealing  with  enemy  members.  We  had  to  send  out 
a  definite  resolution  which  had  to  be  considered  and  voted 
upon  by  the  members  present  at  the  meeting  ;  that  is  to 
say,  the  whole  of  the  members  who  were  not  within  easy 
reach  of  London  were  in  a  sense  disfranchised.  Our 
attention  was  drawn  to  that  matter,  and  it  was  then 
suggested  by  the  Committee  of  the  Manchester  Local 
Section  that,  to  prevent  future  difficulties,  the  Articles  of 
Association  should  be  amended  so  as  to  allow  every  member 
as  far  as  possible  to  record  his  vote,  even  if  he  could  not 
be  present  at  the  meeting.  A  small  committee  was  set  up 
by  the  Council,  and,  following  the  advice  of  the  solicitors, 
based  on  counsel's  opinion,  the  committee  brouglit  up  a 
short  report  advising  that  if  an  amendment  were  made  to 
the  Articles  it  should  allow  proxy  voting  in  the  common 
form  used  by  all  public  companies.  It  seems  to  me 
desirable  that  we  should  adopt  the  common  form  and  not 
have  something  special  for  the  Institution.  I  feel  that 
while  there  are  some  disadvantages — slight  in  my  opinion 
— in  having  this  form  of  proxy  voting,  those  disadvantages 
can  easily  be  overcome  by  the  fact  that  if  there  is  any 
great  controversial  question,  informal  meetings  may  be 
held  in  different  parts  of  the  country  and,  if  necessary,  a 
report  of  those  informal  meetings  could  be  circulated  to 
every  member,  so  that  they  could  take  action  in  the  best 
interests  of  the  Institution.  The  question  may  be  asked  : 
Why  are  we  only  making  this  one  amendment  to  the 
Articles  ?  The  answer  is  that  during  the  War  I  do  not 
consider  it  right  for  the  time  of  members  to  be  taken  up  in 
considering  general  alterations,  but  we  should  amend  a 
fundamental  principle  such  as  this  one.  Having  amended 
the  constitution  by  this  one  alteration,  the  Articles  can 
then  be  amended  where  necessary  in  future  years.  I  now 
move  the  following  resolution  : — 

That  the  Articles  of  Association  of  the  Institution  be 


altered  by  adding  thereto  the  following  new  Articles  to  be  Mr.  Sparl 
numbered    Sou,    806,    80c,    8o(/,    Sof,   80/",   80^,   and   Sok 
respectively,  that  is  to  say  : — 

8oa.  Votes  may  be  given  at  all  Annual  or  Special 
General  Meetings  either  personally  or  by  proxy.  On  a 
show  of  hands  every  member  of  any  class  present  in 
person  and  entitled  to  vote  at  such  meeting  shall  have  one 
vote.  In  case  of  a  poll  ever}-  member  of  any  clnss  present 
in  person  or  by  proxy  and  entitled  to  vote  at  such  meeting 
shall  have  one  vote. 

806.  No  person  shall  be  appointed  a  proxy  who  is  not 
entitled  to  vote  at  the  meeting  for  which  the  proxy  is  given. 

80c.  The  instrument  appointing  a  proxy  shall  be  in 
writing  under  the  hand  of  the  Appointor  or  his  Attorney, 
and  whether  given  for  a  specified  meeting  or  otherwise 
shall  as  nearly  as  circumstances  will  admit  be  in  the  form 
or  to  the  effect  following  : — 


THE  INSTITUTION  OF  ELECTRICAL  ENGINEERS. 

I  of 

being   (a    Corporate    Member   or  an  Associate    as    the 
case  may  be)  of  the  above  Institution  hereby   appoint 

of 
or  failing  him  of 

as  my  proxy  at  the  (Annual  General  Meeting,  Special 
General  Meeting  of  Corporate  Members  and  Associates 
or  Special  General  Meeting  of  Corporate  Members  as 
the  case  may  be)  of  the  Institution  to  be  held  on  the 
day  of  ig    and  at  any 

poll  held  in  connection  therewith. 

As  witness  my  hand  this  day  of  191  . 

Signature 

Class  of  membership  in  I.E.E 

Sod.  The  instrument  appointing  a  proxy  and  the  power 
of  attorney  (if  any)  under  which  it  is  signed  shall  be 
deposited  at  the  registered  office  of  the  Institution  not  less 
than  forty-eight  hours   before  the   time   for   holding  the 
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Kt  Sfurte.   meeting  at  which  (he  person  named  in  the  proxy  proposes 

io  vote  but  no  instrument  appointing  a  proxy  shall  be  valid 

-.f-r-  ;hc  expiration  of  six  calendar  months  from  its  date 

I        ;  !  on  a  poll  demanded  at  a  meeting  in  cases  where 

.1;  was  originally  held  within  six  calendar  months 

Nji.  A  vote  given  in  accordance  with  the  terms  of  an 
jn'--;rt:mr-!t    appointing   a    proxy    shall    be   valid    notuith- 
;>  death  of  the  principal  or  revocation 
■  previous  intimation  in  writing  of  the 
or  revocation   shall    have    been    received    at    the 
-:crcd  ofHcc  of  the  Institution. 
>   ■.  A  poll  may  be  demanded  by  the  Chairman  of  any 
Special  General  Meeting  or  by  any  three  persons 
present  and  eiilitkd  to  vote  thereat  and  if  so 
t.iken  in  such  manner  and  at  such  time 
■   days  next  after  the  meeting  and  at 
a'i  the  Chairman  of  the  meeting  directs  and 
;:iedL-»tcly  or  after  an  interval  or  on  adjournment 
and  the  result  of  the  poll  shall  be  deemed  to  be  the  resolu- 
tion of  the  meeting  at  which  the  poll  was  demanded.     The 
fact  that  a  poll  has  been  demanded  shall  not  prevent  the 
CO   of   the   meeting   for   the  tran^action  of  any 
ihcr  than  the  question  on  which  the  poll  has 
I      A  demand  of  a  poll  may  be  withdrawn, 
•.be  given  01  a  poll  not  taken  immediately. 
•    s.   In  tiie  case  of  an  equality  of  voles  the  Chairman  of 
t  .1  meeting  shall  both  on  a  show  of  hands  and  at  a  poll 
have  a  casting  vote  in  addition  to  his  personal  vote. 

80A.  The   quorum   at   any  Annual   or   Special   General 

Meeting  shall  be  five  of  those  persons  entitled  to  be  present 

a-,  1  \    '.  :t.i : .  ,it  and  no  business  shall  be  transacted  at  anv 

^  unless  the  quorum  be  present  at  the  com- 

ir.'  :..-cnienl  of  the  business.     If  a  quorum  be  not  present 

\i.!:i;ii  a  quarter  of  an  hour  from  the  time  appointed  for 

holding  the  meeting  the  meeting  shall  Ih:  dissolved. 

Mr  Word-         Mr.  C.  H.  WoKKistiiiAM  :  This  question  of  proxy  voting 

"        i*    one   on    which   I    hold    the   strongest    possible   views, 

because  it  seems  to  me  essential  for  the  well-being  of  the 

Institution  tliat  the  whole  of  the  membership  should  take 

intercut  in  its  work  and  should  have  the  power  of 

„    their    opinion    on    all    matters    affecting    its 

wcilart.     This  matter  has  been  most  carefully  considered 

bv  thr  I'rc'i'lrnt  nnd  a  Committee  of  Vice- Presidents,  and 

:icil.  and  I  am  convinced  that  the 

'  :■  to  l>e  of  the  utmost  benefit  to  the 

Institution.     \Vc   have   only   to   consider   the  attendance 

to-night,   when    there    are    possibly  about    30   members 

present— and  a  Urge  proportion  of  these  members  are  on 

the  Council — out  of  our  total  of  nearly  7,000,  to  see  how 

absurd  It  i»  that  such  a  small  meeting  as  this  should   l»e 

iit.il    changes    in    the    Articles    of 

Ilk.  I-  Ihfiroiighly  wrong,  and  the 

t  that  evil  and  to  ensure 

'  .  'II  have  the  opportunity 

o<  voting  on  any  important  motion  that  may  come  up  from 

1  -nr    •..  (ijnc.     I  have  much  pleasure  in   seconding  the 

»*'  ^-  •■  A.  C.  SwiNTOK  :  I    wish   first   to  p<iinl  iml  th.\t 

iikc  this  differ  fundamentally  from  commercial 

'       In  an  instilulinn  like 

;c  and  only  one    vote  ; 

wiiMCaks  lu  ti(rtiiiucrc>al   undertakings  nine-tcnthit  of   the 


capital  of  the  Company  may  be  in  the  hands  of  one  man,  Mt  s»lni>> 
and  if  he  could  not  attend  a  meeting  it  would  l>e  obviously 
unfair  that  he  should  not  be  represented.  I  have  had  some 
experience  of  company  business  and  proxy  voting  and  I 
hope  that  the  Council  fully  under>t3nd  the  snare  which 
they  are  la^nng  for  themselves.  Supposing  the  Council 
determine  that  some  particular  altciation  in  the  Articles 
should  be  made,  and  they  send  out  a  notice  to  that  effect, 
are  they  going  to  ask  for  proxies  for  themselves  upon  that 
particular  point  ?  If  they  do  not,  they  may  be  beaten.  In 
companies  it  is  the  usual  thing  for  the  directors,  in  sending 
out  a  notice  of  a  meeting,  to  send  out  proxy  forms  asking 
for  proxies  for  themselves,  because  otherwise  a  few  people, 
a  clique,  may  get  together  with  their  friends  and  their 
friends'  friends,  and  may  easily  collect  a  suflicient  number 
of  proxies  to  swamp  a  meeting  such  as  this.  If  tliis  resolu-  • 
tion  is  carried,  it  will  be  necessary  for  the  Council,  every 
time  they  send  out  a  notice  of  a  meeting,  to  ask  for  proxies 
for  themselves,  and  I  do  not  think  that  is  a  very  dignified 
position  for  any  Council  to  h.ivc  to  take  up.  The  list  of 
societies  sent  out  with  the  notice  of  this  meeting  is  very 
incomplete.  I  believe  that  no  proxy  voting  is  allowed  by 
the  Royal  Society,  the  Royal  Institution,  the  Royal  Society 
of  Arts,  the  Chemical  Society,  the  Physical  Society,  the 
Royal  Academy,  01  other  bodies  whose  acts  are  governed 
by  voting.  Take  also  the  House  of  Lords  and  the  House 
of  Comnjons.  Again,  a  Member  of  P.irlianieiit  cannot  be 
elected  by  proxy.  1  think  it  is  a  most  dangerous  sugges- 
tion. I  would  much  rather  sec  power  given  to  anybody  at 
any  meeting  to  call  for  a  poll  and  that  then  a  postal  vote 
should  he  taken  on  the  question,  and  that  such  postal  vote 
should  be  binding.  In  saying  all  I  his,  however,  I  am 
an.vious  to  make  it  quite  clear  that  1  have  no  desire  at  all 
to  curb  the  influence  of  the  country  member.  On  the 
contrary,  I  have  every  wish  to  give  hini  facilities  for 
recording  his  vote,  and  it  is  only  the  particular  method  of 
voting  by  proxy  that  I  think  objectionable. 

The  Pkksiukn't  :  Kcforc  asking  other  members  to  speak,  Ut  SpaiH 
I  will  try  and  answer  Mr.  Swinton's  rcm.irks.  The  com- 
mittee have  had  quite  a  number  of  meetings  and  have 
discussed  all  kinds  of  alternatives,  and  at  one  time  they 
were. strongly  in  favour  of  the  postal  vote,  but  they  were 
informed  that  under  the  Companies  Acts  a  postal  vote  can 
only  indicate  an  opinion  and  has  no  legal  effect.  Finally 
the  Council  unanimously  adopted  the  report  of  the  com- 
mittee, giving  effect  to  the  recommendations  now  put 
forward.  At  the  same  time  we  recogniie  the  difTicully 
with  regard  to  the  sending  out  of  proxies,  and  it  is  to  be 
left  Io  future  Presidents  and  Councils  to  decide  the  question 
on  each  occasion.  \Vc  have  a  unanimous  Council  and 
unanimous  Ixical  Sections,  so  that  if  wc  arc  making  a 
mistake  we  .ire  making  a  misL-ike  with  our  eyes  open. 

Mr.  J.  S.   Higmiiei.d:  I   am  inclined  to  support   what  mi 
Mr.   Swinton    has   said.     I    feel   tli.it   what  the   President  ""^''f"^'^ 
mentioned  at  the  beginning  is  of  grcal  inipoi  lance.     He 
pointed  out  thai  in  order  to  make  the  proxy  cfTective  it 
will  be  nccevsary  to  canvass  the  country  and  hold  meetings 
at   various   centres.     In   the   event   of   a   very  im|>or(ant 
quc^-tion  I  have  no  doubt  th.it  perhaps  10  meetings  might 
Ik-  held  with  an  average  of   100  members  at  c.uti.  that  is 
1,000  members  alll>^;clller,  which  is  still  only  one-seventh 
of  the  total  inctnlKrNliip. 
The  Phksiiiknt  :  We  should  publish  a  report  of  those  M'.  sparti 
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Mr.  Sparks,    meetings,  so  that  every  one  of  the  7,000  members  would 
know  what  was  said. 
■    ,  Mr.  Highfield:  Not  more  than  1,000  out  of  the  7,000 

°  "^  ■  members  would  read  the  report,  and  therefore  the  proxy 
voting  would  never  be  very  intelligent  voting.  The 
principle  on  which  this  Institution  has  been  ruled 
hitherto  is  that  the  members  elect  their  Council  and 
their  Local  Section  Committees.  That  is  all  done  by  the 
whole  body  of  members,  and  the  constitution  is  such  that 
very  frequent  changes  in  the  membership  of  the  Council 
take  place.  What  I  feel  is  that,  once  the  Council  are 
elected,  the  proper  way  to  get  them  to  do  the  best 
possible  work  is  to  put  the  whole  responsibility  upon 
them.  We  may  get  an  exceptional  case  like  that  of  last 
year ;  but  even  then  the  postcard  method  gave  the 
Council  a  guide  in  a  very  difficult  question  and  proved 
a  perfectly  adequate  method  of  obtaining  the  views  of 
individual  members.  I  feel  that  voting  by  proxy  is  first 
of  all  rather  undignified,  because  I  am  certain  that  if  the 
Council  have  to  deal  with  a  controversial  matter  they  will 
have  to  send  out  proxy  forms  in  order  to  get  their  pro- 
posals passed.  It  will  also  be  awkward  for  Members  of 
Council  to  attend  all  these  local  meetings.  For  those 
reasons  and  for  one  more  I  support  Mr.  Swinton  in  his 
view  that  pro.xy  voting  is  undesirable.  The  other  reason 
is  this.  I  look  upon  this  as  a  very  great  change  in  the 
method  of  conducting  the  business  of  the  Institution.  It 
is  taking  away  from  the  Council  a  responsibility  which 
they  now  have.  That  great  change  it  is  proposed  to  carry 
by  a  vote  of  the  small  number  of  members  here  present, 
so  that  we  have  not  got  away  from  the  difficulty.  It  seems 
to  me  that  the  least  that  should  be  done  is  to  take  a  post- 
card vote  on  this  question,  in  my  view  at  least  as  im- 
portant as  the  former  difficulty  of  dealing  with  enemy 
members. 

Mr.  Rosiing.  Mr.  P.  RosLlNG  :  As  One  who  has  been  for  many  years 
a  country  member  I  should  like  to  give  my  vote  in  favour 
of  the  Council's  suggestion.  I  do  not  thmk  it  is  quite  fair 
to  compare  tliis  with  a  business  meeting.  Here  it  is  a  case 
of  one  man  one  vote.  If  a  clique  can  be  formed  of  400  or 
500  members,  it  is  an  expression  of  opinion  that  should 
have  some  weight,  and  that  is  a  point  which  should  be 
considered.  If  only  40  or  50  members  in  London  want 
something  done,  and  by  proxy  voting  they  can  be  stopped 
by  400  or  500  provincial  members,  tliey  ought  to  be 
stopped.  I  think  that  is  a  strong  argument  for  prox)' 
voting.  I  do  not  see  why  it  should  be  necessary  for  the 
Council  to  send  out  pro.xy  papers.  The  resolution  pro- 
vides that  a  member  who  is  unable  to  be  present  in  person 
to  vote  has  the  right  bj'  tilling  up  a  proxy  paper  to  employ 
a  proxy  and  would  appi}'  for  a  form.  In  the  past,  countrv 
members  have  felt  that  the  London  members  ran  the 
Institution  in  their  own  waj',  and  there  has  been  a  little 
irritation  ;  but  directly  they  are  allowed  to  vote  by  proxy 
that  irritation  will  be  removed,  and  they  usually  will  not 
vote. 

Mr.   L.   B.  Atkixsox  :    I   do   not   think  the  point  that 

Atkinson.  Mr.  Swinton  has  raised  is  a  real  difficulty.  In  the  case 
of  a  business  meeting  when  some  question  arises  and  it 
is  known  that  there  will  be  a  difference  of  opinion  every- 
body marshals  all  his  forces  right  away,  and  pro.xies  are 
issued.  Suppose  such  a  question  as  that  under  considera- 
tion to-day  .should  arise  and  that  we  were  going  to  vote  by 


proxy  ;  it  would  not  be  necessary  for  the  Council  to  send  ^rr. 
out  proxies.  They  would  hold  the  meeting  and  take  the  -^"""s™- 
proxies  that  were  sent  in.  The  Council  may  tix  a  date  for 
tlie  discussion  of  any  resolution  so  far  ahead  that  every- 
body can  then  give  his  view  by  proxy  on  the  matter.  In 
other  words,  it  is  not  necessary  for  the  Council  to  ask  for 
proxies  before  the  meeting.  This  Institution  has  made  a 
great  feature  of  its  Local  Sections,  which  are  a  great 
source  of  strength  to  the  Institution  and  give  many  mem- 
bers an  interest  that  thev  would  not  have  in  merely'  a 
London  Institution.  When  we  were  dealing  a  short  time 
ago  with  the  difficult  question  of  enemy  members  I  was 
exceedingly'  nervous  right  up  to  the  last  minute,  even 
when  we  knew  what  the  result  of  the  postal  vote  was, 
because  I  was  convinced  that  any  resolution  could  be 
swamped  at  the  last  moment  by  a  resolute  and  well- 
organized  minority.  Therefore  I  am  in  favour  of  giving 
all  members  the  right  of  expressing  their  views.  It  rests 
with  the  Council  to  see  that  the}'  do  not  allow  snatch  votes 
by  proxies.  I  do  not  think  it  is  necessary  for  the  Council 
on  every  occasion  to  take  the  step  of  sending  out  proxies, 
which  Mr.  Swinton  thinks  is  undignified.  When  the  time 
comes  that  the  Council  think  the  wishes  of  the  Institution 
or  their  own  proposals  may  be  overruled,  they  can  ask  for 
proxies. 

Mr.  C.  A.  B.\KER  :  Something  has  been  said  about  the  Mr.  Bikei 
difficulty  of  taking  a  postal  vote,  but  I  think  if  the  Institu- 
tion were  to  get  an  expression  of  opinion  of  the  provincial 
members  generally  on  any  subject  by  a  postcard,  as  it  did 
in  the  case  of  the  expulsion  of  enemy  members  last  year, 
such  expressions  of  opinion  would  help  very  much  in 
arriving  at  conclusions. 

The  Presidext  :  The  postal  vote  can  still  be  used  as  Mr.  Spark 
a  method  of  information,  but  not  for  an  effective  vote. 
Therefore  we  still  feel  that,  while  we  have  these  means  of 
education,  namely,  meetings  in  the  country,  publication  in 
the  Toiinial,  and  a  postal  vote,  we  still  need  the  proxy 
vote  finally  to  decide  the  matter. 

Mr.  B.iKER  :  The  President-elect  spoke  of  giving  every-  Mr.  Bake, 
body  an  opportunity  of  taking  an  active  interest  in  the 
proceedings  by  this  pro.xy  vote.  Applied  to  London  I 
should  consider  those  people  who  do  not  come  here  to 
vote  as  rather  lazy  and  as  taking  only  a  passive  interest  in 
the  Institution's  affairs  ;  the  few  members  who  have  come 
here  this  evening  are  those  who  take  an  active  interest  in 
the  Institution,  and  it  is  proposed  to  give  the  passive 
members  an  equal  right  by  sending  in  a  pro.xy.  I  do  not, 
on  general  principles,  like  the  idea  at  all,  and  I  am 
inclined  to  support  Mr.  Swinton.  A  member  would  not 
care  to  solicit  proxies  from  the  general  list  of  members 
because  this  would  cost  about  ;^i5  on  each  occasion  :  on 
the  other  hand,  the  Council  with  its  organization  could 
send  out  forms  of  proxy  and  thus  swamp  any  proposed 
resolution  brought  up  by  members  at  a  Special  Meeting. 
I  do  not  know  whether  the  Council  have  considered 
another  way  of  dealing  with  the  matter,  that  is  to  say, 
taking  the  votes  of  provincial  centres  at  those  centres. 
Possibly  the  Secretary  could  attend,  if  necessary,  to  take 
such  votes  ;  these  could  then  be  totalled  and  the  views  of 
the  Local  Sections  incorporated.  If,  on  the  other  hand, 
the  Council  still  wish  this  resolution  to  be  passed,  I  suggest 
that  pro.xy  voting  should  be  applied  only  in  special  cases 
by  the  unanimous  vote  of  the  members.     Should  a  subject 
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aii^c  where  i(  is  found  (hat  proxies  are  wanted,  the  Council 
u (Villi  have  the  right  to  ask  for  the  use  of  this  form  of 
v.rim^j.  hul  not  an  arbitrary  right  to  employ  it  on  every 
occaMoii  when  they  might  desire  to  do  5.0. 

The  Prrsidest  :  With  regard  to  the  suggestion  as  to 
local  voting  and  as  to  only  applying  this  mclluxl  of  voting 
in  >pccial  cases  by  a  majority  of  the  niccling,  wc  arc  guided 
here  by  the  Companies  Act.  While  that  Act  remains  as  it 
is,  wc  cannot  adopt  cither  suggestion. 

Mr.  Hir.HFlELD  :  I  felt  it  necessary  to  support  Mr.  Swin- 
!  c  I  think  there  should  be  proper  discussion  of 

;  nport.int  subject.     If,  however,  the  Council  feci 

unanimously  that  the  matter  ought  to  be  put  through,  I 
for  one  should  not  for  a  moment  oppose  it. 

Mr.  H.  W.  Clothier  :  I  hope  that  this  resolution  will 
go  through  and  that  there  will  not  be  an  obstruction  by 
this  comparatively  snjall  meeting  of  members.  I  will  trv 
to  put  the  case  for  the  Local  Sections.  We  arc  a  long  way 
from  town,  and  wc  cannot  conveniently  attend  meetings 
in  London.  I  have  come  up  to  London  on  this  occasion 
as  Chairman  of  the  Newcastle  l^cal  Section,  and  it  means 
sleeping  two  nights  in  the  tram,  just  to  attend  tlie  Council 
this  afternoon  and  this  meeting  to-night.  I  should  like  to 
impress  upon  members  that  we  desire  in  the  provinces  to 
be  in  closer  touch  with  London,  and  for  this  reason  wc 
attach  a  great  deal  of  importance  to  proxy  voting.  It  is  not 
that  we  want  to  swamp  the  London  vote — wc  could  not 
do  so  if  wc  wished.  The  bulk  of  the  industrial  work  is 
done  in  the  provinces  and  we  are  competent  and  worthy 

10  have  a  greater  share  of  the  Londoner's  privileges  in  the 
affairs  of  the  Institution.  The  way  is  to  give  us  a  vote 
in  matters  of  moment  coming  before  a  special  meeting, 
like  the  parlicutar  resolution  under  consideration  this 
evening. 

Mr.  K.  A.  Chattock  :  From  what  I  know  of  the  provin- 
cial members,  they  are  only  too  anxious  to  l>e  active  in  any 
wav  they  can,  and  it  is  on  that  ground  that  this  proposal 
is  licfore  the  meeting  to-night.  They  feel  that  it  is  impos- 
sible for  tliem  to  take  that  part  in  the  affairs  of  the  Institu- 
tion which  they  want  to  lake  and  which  they  feel  justified 
in  asking  that  they  should  take.  If  it  is  possible  to  create 
any  other  form  of  machinery  for  attaining  that  end,  I  am 
sure  they  will  be  only  too  pleased  to  fall  in  with  the  sug- 
gestion of  (he  Council,  but,  as  the  President  has  said,  the 
Council  have  given  very  careful  consideration  to  other 
w.i\  ^  and  means  of  doing  this  and  they  have  come  to  the 

11  conclusion  that  proxy  voting  is  the  only  really 
'-  way  of  doing  it.  I'ersonally  I  do  not  think 
that  liic  provincial  members  will  use  proxv  voting  to 
the  detriment  of  the  Instilulinn.  They  have  the  well- 
iH-irig  o(  the  Institution  at  heart  just  as  much  as  the 
l»ndon  mcml>crs  have,  and  it  is  only  under  very  excep- 
tional circumstances  that  proxy  voting  will  probably  be 
utili/cd. 

Mr.  WoRDiKuiiAM  :  I  am  i|uile  sure  that  this  matter  is 
'■;e,  because  we  must  remove  any  pos- 
i.it  the  Institution  is  run  by  a  London 


clique.    We  have  had  strong  representations  from  the  pro-  Mr.  v.orJ- 

.  ,  ,  .  ,  ,  ,  ■  .  Inglum. 

vinces  on  llie  subject  of  proxy  voting,  and  something  must 
l>e  done — whether  it  is  proxy  voting  or  postcard  voting  is 
of  course  a  diiTcrcnt  matter.  I  can  assure  members  that, 
with  all  possible  evidence  before  us,  wc  have  come  to  the 
conclusion  that  the  only  feasible  way  is  proxy  voting. 
With  regard  to  Mr.  Swinton's  idea  that  there  might  be 
packing  of  the  voting,  that  there  miglit  be  a  provincial 
clique  trying  to  run  the  Institution,  that  can  be  done  now. 
Wc  cannot  guard  against  a  particuLar  clique  getting  its 
way,  because  there  is  nothing  to  prevent  40  members 
being  brought  here  to-night  to  outvote  the  30  who  are 
now  present.  The  same  thing,  I  admit,  can  happen  with 
pro.xy  voting,  but  it  can  also  take  pbce  with  postcard 
voting.  A  number  of  postcards  may  be  sent  out  to 
members,  but  we  cannot  make  them  return  them.  That 
observation  applies  to  the  balloting  papers,  not  one-quarter 
of  which  arc  returned,  and  ihe  same  thing  happened  with 
the  postcard  expression  of  opinion  in  connection  with 
enemy  members,  and  with  the  inquiries  sent  out  asking 
members  whether  they  were  enemies  or  friends.  A  good 
deal  of  stress  has  been  laid  upon  its  being  undignified  for 
the  Council  to  send  out  proxies.  I  do  not  .admit  that  it 
would  be  undigiiihed  ;  but  if  it  were,  I  think  it  is  much 
less  important  that  the  Council  should  suffer  in  its  dignity 
than  that  the  large  body  of  members  should  be  in  the  un- 
dignified position  of  being  absolutely  disfranchised,  and 
having  no  power  whatever  of  voting  in  connection  with 
the  Institution  of  which  they  are  just  as  much  members 
as  those  residing  in  London. 

Mr.  K.  T.  Williams  :  It  seems  to  me  that  proxy  voting  M5. 

,.       ,  ,.,,.,  .  Williams 

has  serious  disadvantages,  and  if  all  the  members  were  in 
one  town  I  think  many  of  us  would  agree  that  proxy  voting 
would  be  wrong.  But  the  Institution  is  entirely  different, 
and  I  think  we  are  justified  in  voting  for  proxy  voting, 
because  a  very  great  majority  of  our  members  are  in  the 
provinces.  The  vitality  of  this  Institution  is  very  largely 
in.ade  up  by  members  from  the  provinces,  and  thcreforc- 
it  is  a  question  of  accepting  .a  small  evil,  proxy  voting,  to 
obtain  a  great  good.  The  feeling  is  that  there  will  be  a 
certain  amount  of  proxy  voting  by  people  who  do  not  hear 
the  discussion,  and  this  is  of  course  a  point  against  proxy 
voting,  but  if  at  the  same  time  wc  can  get  the  opinion 
of  the  whole  of  the  members,  it  seems  to  me  wc  get  nine 
points  to  the  good  and  only  one  point  to  the  bad.  A 
development  of  this  would  be  that  if  any  important  ques- 
tion .arose  the  Local  Sections  would  have  tlieir  own  discus- 
sions upon  those  matters,  and  they  would  in  many  cases  send 
their  Ch.airman  or  perhaps  two  members  (pro  and  con)  to 
an  important  discussion  in  London  to  represent  the  views 
of  the  Local  Section,  carrying  with  them  proxies.  I  have 
great  pleasure  in  supporting  this  resolution  from  that 
standpoint. 

The  resolution  was  then  put  and  carried,  jS  members 
voting  for  it  and  4  .against. 

The  meeting  then  terminated. 
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SPECIAL    GENERAL    MEETING   OF   CORPORATE   MEMBERS,   14  JUNE,   1917. 
(Held  at  the  Temporary  Offices  of  the  Institution,  i  Albemarle-street,  London,  W.  i.) 


(r.  Sparks.  Mr.  C.  P.  Sparks,  President,  took  tlie  ch.iir  at  6  p.m. 
and,  after  it  had  been  agreed  that  the  notice  convening 
the  meeting  should  be  taken  as  read,  he  explained  the 
object  of  the  meeting,  viz.  to  confirm  the  Resolution  in 
regard  to  Proxy  Voting  passed  at  the  Special  General 
Meeting  held  on  the  17th  May  (see  page  527).  He  also 
read  a  number  of  letters  and  telegrams  in  support  of  the 
proposal  before  the  meeting,  and  then  formally  moved 
the  resolution. 

Mr.  B.  Welbourx  :  In  rising  to  second  the  resolution  I 

iTeibourn.  j^gj  jj^^^^  j  ^^  ^^  Under  a  sense  of  peculiar  responsibility, 
because  not  only  do  I  know  that  I  am  here  as  the  repre- 
sentative of  the  most  important  Local  Section  of  the 
Institution,  Manchester,  but  I  have  reason  to  believe  that 
I  am  speaking  for  the  whole  of  the  Local  Sections.  At 
the  time  the  postal  vote  in  regard  to  alien  enemies  was 
taken,  the  difficulty  of  the  position  was  appreciated  in  the 
provinces  so  keenly  that  I  thought  it  right  to  bring  before 
the  Committee  of  the  Manchester  Local  Section  this 
question  of  pro.xy  voting.  I  am  glad  to  say  the  Committee 
at  Manchester  was  absolutely  unanimous.  The  matter 
was  submitted  to  the  Council,  and  the  principle  of  proxy 
voting  was  also  unanimously  accepted  by  them  and  was 
referred  to  the  Vice-Presidents'  Committee  for  investiga- 
tion in  detail.  Mr.  McKenzie,  our  Chairman,  was  co-opted 
to  act  with  the  Vice-Presidents  in  this  matter.  A  number 
of  those  meetings  Mr.  McKenzie  could  not  attend,  and 
I  was  invited  to  do  so  in  his  place.  The  Report  of  the 
Vice-Presidents  was  brought  before  the  Council  and  was 
unanimously  adopted.  I  want  to-night  to  lay  stress  on 
the  fact  of  the  unanimity  that  there  has  been  in  London 
on  the  part  of  the  Council  in  regard  to  this  matter,  because 
if  this  resolution  is  lost  I  want  it  to  be  known  in  the 
provinces  that  the  Council  in  London  are  not  in  any  way 
responsible  for  its  being  thrown  out.  The  question  may 
well  be  asked  :  Why  are  the  Local  Sections  unanimous 
in  wanting  proxy  voting  ?  The  reason  is  that  we  feel 
we  are  at  present  largely  disfranchised,  and  that  we 
ought  not  to  have  to  give  up  our  time  and  be  put  to 
the  serious  expense  of  coming  to  London  on  every  impor- 
tant occasion  to  record  our  votes.  We  think  it  is  a  simple 
matter  of  justice  to  those  who  cannot  attend  the  meetings. 
If  there  are  any  members  here  who  are  not  in  favour  of 
proxy  voting,  I  want  to  assure  them  that  I  am  quite  certain 
that,  so  far  as  the  provinces  are  concerned,  there  is  no 
unhealthy  agitation  behind  this  request.  I  am  sure  there 
is  no  wish  to  agitate  on  every  possible  and  impossible 
occasion.  But  a  great  many  members  in  the  provinces  do 
feel  that  they  will  be  able  to  take  a  larger  share  and  a 
greater  interest  in  the  affairs  of  the  Institution  and,  to  put 
it  quite  bluntly,  be  getting  better  value  for  their  money  if 
this  resolution  is  passed.  In  saying  that  I  do  not  at  all 
wish  to  overlook  the  fact,  which  is  very  much  appreciated 
throughout  the  country  now,  that  the  introduction  of 
corporate  membership  of  the  Institution  five  years  ago 
has  very  largely  improved  the  status  of  members.  In 
conclusion,  I  want  to  make  an  appeal  that  there  shall 
be  a  unanimous  vote  on  this  subject.  That  will  have  a 
splendid  effect   on   the    country  members,  a   very   large 


number  of  whom  are  not  able  to  keep  as  closely  in  touch  >i_r. 
with  the  London  members  and  with  the  Council  as  I 
personally  have  been  able  to  do  in  the  last  two  years.  As 
I  said  just  now,  I  feel  sure  that  proxy  voting,  if  it  goes 
through  to-day,  will  be  used  very  discreetly  by  the  country 
members,  and  that  the  Council  will  have  nothing  whatever 
to  fear  from  it. 

Mr.  .\.  C.  CR.iMB  :  With  regard  to  this  question  of  proxy  Mr.  Crami 
voting,  I  take  it,  after  what  has  been  said,  that  all  that 
is  desired  is  that  there  should  be  given  to  every  member 
of  the  Institution  as  far  as  possible  an  equal  opportunity  of 
having  a  voice  in  the  management  of  the  Institution.  If, 
when  the  President  talks  of  proxy  voting,  that  is  what 
is  meant,  then  I  believe  everybody  inside  this  room 
to-night,  and  everybody  outside  belonging  to  the  Insti- 
tution, heartily  agree.  I  think  at  the  present  time  the 
arrangements  are  altogether  unsatisfactory.  But,  as  far 
as  my  experience  goes,  proxy  voting  is  generally  asso- 
ciated with  companies  whose  reputations  are  pretty  bad, 
and  I  am  very  sorry  to  see  the  word  "  proxy  "  used  in 
connection  with  the  Institution  at  all. 

The  President  :  We  are  really  a  limited  company,  >'r.  sp,irks 
although  the  word  "  limited  "  does  not  appear  in  our  title 
owing  to  the  fact  that  we  are  not  a  company  trading  for 
profit.  Our  meetings  are  governed  by  company  law,  and 
for  that  reason  this  particular  method  is  used,  because  it  is 
the  only  one  permissible  under  the  Companies  Act.  As 
to  the  method  of  using  proxies,  assume  that  a  change  is 
desired  in  the  Articles  of  the  Institution.  Notice  having 
been  given,  the  meeting  is  held  on  a  certain  day.  A 
certain  number  of  days  beforehand  it  may  be  possible  for 
the  members  in  Manchester,  say,  to  give  their  proxies  to 
their  Chairman  or  to  any  Corporate  Member,  so  that 
Mr.  Welbourn  may  come  to  the  meeting  with  700  proxies. 
These  proxies  would  be  deposited  a  certain  number  of 
hours  beforehand  at  the  Institution's  offices.  When  the 
meeting  is  held,  when  Mr.  Welbourn  speaks,  instead  of 
one  member,  he  holds  in  his  hands,  say  700  votes,  and 
Mr.  Cramb  may  come  along  with,  say,  500  votes  ;  and  the 
Chairman  of  the  meeting  will  know  that  when  these 
people  are  speaking  they  are  speaking  in  that  way.  At 
the  same  time,  the  Council  may  themselves  feel  that  they 
should  ask  for  pro.xies,  and  they  will  know  that  they  have 
1,000  or  2,000,  or  whatever  the  number  of  votes  is,  agree- 
ing with  their  views.  I  do  not  know  the  exact  number  of 
members  at  this  meeting  to-night,  but  say  there  are  40 
who  are  going  to  determine  this  question  ;  if  we  had 
pro.xy  voting,  instead  of  having  only  40  we  might  have 
present  in  the  room  some  4,000  votes.  The  telegrams  and 
letters  that  I  have  read  to-night  have  no  legal  weight, 
although  they  may  have  a  moral  effect  on  us,  but  under 
the  suggested  new  arrangement,  instead  of  having  only 
the  votes  of  40  members  we  should  have  the  votes  of,  say, 
4,000  members  who  have  a  direct  interest  in  what  was 
going  to  be  decided. 

Mr.  Cramb  :  The  point  I  want  to  be  satisfied  about  is  Mr.  Cramb. 
this.     Are  we  or  are  we  not  going  to  take  the  vote  out  of 
the   hands   of   the   individual   members  ?     Are  members 
going  to  be  silly  enough  to  put  their  voting  power  on  any 
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subject  into  the  hands  of  some  oilier  persons  who  probably 
have  not  at  their  disposal  all  the  information  available  to 
come  to  a  decision  ?  I  think  that  as  far  as  possible  the 
provincial  mcmlicrs  should  be  able  to  take  advantage  of 
their  rights  in  any  election  by  postal  vote,  which  in  my 
opinion  IS  the  proper  way  to  do  it.  I  think  it  ought  to  be 
done  in  that  way  :  I  do  not  like  the  idea  of  a  large  number 
of  votes  being  put  into  the  hands  of  a  man  to  use  as  he 
likes ;  and  it  seems  to  me,  at  the  moment  at  any  rate,  that 
that  is  practically  what  tlie  proposal  amounts  to. 

I'm-  Pkk^idkxt  :  I  explained  to  the  last  meeting  that 
.\  }v  -i:il  vote,  although  it  may  have  a  moral  effect,  h.is 
no  legal  effect  at  all.  Every  member,  when  these  resolu- 
tions arc  passed,  will  still  have  the  right  to  come  here  in 
person  and  take  p.vt  in  the  proceedings.  At  fhe  present 
time  if  he  cannot  be  at  the  meeting  he  is  disfranchised, 
but  by  the  powers  contained  in  the  resolution  he  will  be 
able  lo  transfer  his  vote  to  any  corporate  member  able  to 
attend. 

Mr.  Cramii  :  I  still  do  not  like  the  idea.  Unless  that 
man  has  a  signed  paper  from  the  member  saying  which 
way  he  wants  to  vote,  that  member  is  handing  over  to 
some  one  else  discretionan,'  powers  to  use  his  vote  which- 
ever way  he  likes. 

The  Pkesidext:  That  is  well  known,  and  that  is 
exactly  what  is  intended. 

Mr.  Ckamii  :  In  my  opinion  that  is  most  objectionable. 
Although  this  is  done  under  the  guise  of  giving  the  other 
members  of  the  Institution  an  opportunity  of  taking  part 
in  the  proceedings,  it  docs  not  actually  do  so.  Do  not 
think  I  am  criticizing  the  desirability  of  altering  the 
Articles,  because  I  gather  it  is  time  we  had  them  altered. 
But  we  know  what  has  happened  in  the  company  world 
in  regard  to  this  sort  of  thing  ;  it  has  been  a  very  un- 
satisfactor)'  arrangement,  and  the  time  has  come  to 
suggest  lo  the  (iovcrnment  that  they  should  alter  the 
Companies  Act  so  that  we  can  vote  in  a  different 
manner. 

Mr.  A.  Gav  :  I  gather  from  the  President's  reply  to 
Mr.  Cramb  that  the  proxy  paper  itself  does  not  bear  upon 
it  "Aye"  or  "No."  Is  it  in  the  discretion  of  the  indi- 
vidual who  holds  the  proxy  to  vote  either  way?  Is  it 
within  the  power  of  the  original  voter  to  delegate  his 
vote  to  the  proxy  holder  without  actually  stating  whether 
he  votes  for  or  against  ? 

The  Pre-sioest  :  The  Memorandum  on  Proxy  Voting 
sent  out  with  the  notice  of  this  meeting  says  :  "  The  pro- 
cedure in  regard  to  proxy  voting  is  as  follows  :  At  any 
Special  or  .Annual  ficneral  Meeting  any  iiiemlKr  entitled 
to  vote,  but  unable  to  attend  the  Meeting,  lias  the  right 
(by  filling  in  a  proxy  paper)  of  appointing  as  his  proxy 
some  other  person  able  to  be  present.  The  proxy  paper 
muM  l>car  a  |>cnny  stamp.  The  member  cannot  direct 
how  hi«  proxy  shall  vote,  and  the  l.iltcr  uses  the  votes 
cntruntrd  lo  him  in  any  way  he  thinks  desirable."  That  is, 
'  lo  a   particular  individual,  and  one 

I  !  say,  "  I  think  this,  that,  or  the  other," 

a  '  whether  one  trusts  the  man  lo  whom 

'■  1"  to  the  use  he  makes  of  it.     If  one 

wriic*  a  Idler  and  nay*  "  vote  against  it,"  and  if  the  man 
iiv      !'.r   tM.,iv    ..i(|  votes  the  other  way,  he  has  done  a 

(! 

••'■    '"•      II"    "ilicr  matter  in  which  I  am  interested 


is  this.     We  know  that  year  by  year  the  officers  of  the  Mr.i.. 
Institution    are    elected     by   a    postal    ballot.       Can   the 
President   tell   me   definitely   whether   there   is  anything 
in  the   Companies  Act   which   would  extend  the  vote  by 
postal  b.allot  to  the  CVeneral  Meetings  ? 

The  Pkesident:  We  have  power  to  elect  our  officers  Mr  Spa. ks. 
in  that  particul.v  way,  but  we   have   not   the   power   to 
change  our   Articles   of   Association   in   that   way.      The 
Companies    Act   makes    no   provision   for   changing    the 
Articles  by  any  such  method. 

Mr.  Gav  :  The  explanation  which  the  President  hasMr.  r..v 
made  with  regard  to  proxy  voting  proves  that  it  is  a 
most  dangerous  weapon — it  is  a  two-edged  one  too — not 
only  in  the  case  of  the  Council  but  also  in  the  hands  of 
the  members  of  the  Institution,  because  one  man  who  has 
a  vote  can  go  to  all  his  friends,  and,  by  his  flowery  way 
of  talking  and  in  his  own  interest,  get  a  pocketful  of 
proxies,  and  he  can  come  and  spring  them  upon  a  Special 
General  Meeting  or  a  General  Meeting  and  carry  every- 
thing before  him.  With  all  due  respect  and  with  every 
desire  to  give  the  fullest  possible  opportunity  of  voting 
fairly  and  honestly  to  the  whole  of  the  members  of  the 
Institution,  whether  in  the  provinces  or  in  London,  I 
think  that  this  method  of  proxy  voting,  seeing  that  the 
holder  of  the  proxy  has  absolute  discretion  and  the 
original  voter  has  none,  is  a  most  dangerous  one.  There- 
fore I  should  be  very  sorry  indeed  to  sec  this  resolution 
carried.  If  it  is  possible  to  give  the  members  a  postal 
vote,  then  each  individual  member  would  be  able  to 
express  his  individual  opinion. 

The  Pkesidknt  :  That  is  not  legally  possible.  *''  ^''^'^»- 

Mr.  Gav  :  I  think  under  the  circumstances  proxy  voting  Mr  Gay. 
will  not  do.  Although  it  may  be  the  only  thing  that  can 
be  done,  it  will  not  carry  out  the  desire  of  the  provinces, 
because,  as  I  say,  it  does  not  represent  the  vote  of  the 
individu.ll  :  and  if  we  allow  one  man  to  vote  for  700  men 
it  seems  to  me  that  the  whole  matter  is  getting  into  a  state 
of  chaos  and  he  can  do  as  he  likes.  If,  on  the  other  hand, 
voting  cards  are  sent  out,  there  is  printed  on  the  top 
exactly  what  one  is  voting  for  ;  the  whole  thing  is  set  out 
and  the  member  can  think  for  himself  ;  whereas  with 
proxy  voting  in  many  cases  a  man  would  go  and  indis- 
criminately collect  proxy  papers  and  use  them  to  suit  his 
own  interests.  I  do  not  s;iy  he  would  do  so  dishonourably, 
but  it  might  not  be  put  clearly  to  the  members  who 
desired  to  vote  what  he  desired  to  vote  for  and  in  which 
way  he  desired  to  vote.  It  seems  to  me  it  is  a  very 
dangerous  principle  to  adopt. 

Mr.  L.  L.  KoniNsos  :  I  am  speaking  on  behalf  of  the  W', 
Municipal  hngiiiecrs  of  Greater  London,  many  of  whom 
have  not  been  able  lo  attend  this  meeting  to-day.  My 
Association  particularly  want  me  to  say  thai  they  have 
every  desire  that  every  member  of  the  Institution,  whether 
in  London  or  in  the  provinces,  should  have  full  oppor- 
tunity for  voting,  but  they  .arc  practically  unanimously 
opposed  to  proxy  voting.  I  want  to  a-k  the  President 
whctluT  eminent  legal  opinion  has  been  taken  which 
makes  it  quite  certain  that  a  pi>.«lal  vote  is  not  possible, 
that  is  lo  say  everv  member  would  have  a  dctiiiitc  indi- 
vidual vole. 

The  Pkksident  :  We  have  a  dehnilc  legal  opinion   not  Mr  S|<.iik«. 
that  it  is  im|H)ssible  but  that  it  can  have  no  legal  effect. 
I  have  before  me  the  Companies  Consolidation  Act,  1908, 
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Mr. 

Robinson, 


Ur. 

Vtkinson 


Ur.  Sparks,  and  Section  13  (i),  dealing  with  Articles  of  Association, 
reads  :  "  Subject  to  the  provisions  of  this  Act  and  to  the 
conditions  contained  in  its  memorandum,  a  Company  may 
by  special  resolution  alter  or  add  to  its  Articles  ;  and  any 
alteration  or  addition  so  made  shall  be  as  valid  as  if 
originally  contained  in  the  Articles  and  be  subject  in  like 
manner  to  alteration  by  special  resolution."  A  special 
resolution  can  be  passed  onlj'  at  a  meeting  such  as  the 
meeting  which  we  are  now  holding. 

Mr.  Robinson  :  I  venture  to  say  that  while  proxy  voting 
is  very  much  better  than  what  we  have  had  in  the  past,  I 
think  a  direct  postal  vote  would  be  better  still. 

Mr.  L.  B.  Atkinson  :  Being  rather  closely  associated 
with  Manchester,  some  members  of  the  Manchester  Local 
Section  have  asked  me,  knowing  that  I  was  in  London  and 
possibly  might  attend  here  to-day,  to  urge  that  in  their  view 
proxy  voting  is  a  reasonable  and  proper  method  of  carrying 
out  what  everybody  desires  to  carry  out,  and  that  it  does 
not  contain  the  dangers  which  some  of  our  friends  see.  I 
am  going  to  vote  for  proxy  voting  because  I  find  that  those 
who  have  most  deeply  studied  the  subject  believe  it  to  be 
sound.  We  are  face  to  face  with  the  fact  that  the  Council 
in  London  and  the  Committees  of  all  the  Local  Sections 
have  unanimously  passed  this  recommendation,  after  giving 
it  full  consideration.  I  think  therefore  that  individual 
members,  even  with  the  best  wish  in  the  world  to  help  the 
Institution,  are  taking  rather  a  heavy  responsibility  upon 
themselves  in  trying  to  override  this  considered  opinion  in 
regard  to  the  precise  method  of  doing  what  all  parties  agree 
should  be  done. 

Ur.  Stothert.  Mr.  J.  K.  Stothert  :  I  assure  members  that  the  whole  of 
the  Scottish  Local  Section  are  solid  in  supporting  proxy 
voting,  and  it  is  by  the  request  of  a  meeting  which  we 
specially  convened  that  I  attend  here  to-day.  I  should 
like  to  make  one  criticism  of  Mr.  Gay's  remarks,  the  sug- 
gestion that  if  a  member  hands  a  proxv  to  his  representa- 
tive the  latter  might  act  against  the  member's  wishes.  As 
the  President  has  said,  that  would  be  a  dishonest  act.  The 
exercise  of  proxj'  voting  in  connection  with  companies  run 
for  profit  is  a  different  thing  from  the  exercise  of  proxy 
voting  in  regard  to  an  Institution  which  is  run  on  the  broad 
principles  and  the  high  standards  which  are  practised  by 


this  Institution.  I  think  we  could  hardly  find  one  member  Mr.  stoti 
who  would  use  a  proxy  vote  in  that  way  ;  he  would  return 
it  rather  than  use  it  in  the  opposite  sense  to  that  for  which 
it  was  entrusted  to  him  by  the  member.  I  appeal  to  this 
meeting  to  support  the  resolution,  because  the  Scottish 
Local  Section  would  be  very  disappointed  if  it  were  not 
carried. 

Mr.  H.  H.  Wright:  The  members  of  the  Yorkshire  Mr. Wrh 
Local  Section  are  most  heartily  in  favour  of  this  resolu- 
tion. They  are  quite  aware  as  to  the  possible  defects  in 
proxy  voting,  but  they  feel  that,  even  with  its  defects,  it  is 
better  than  the  present  system.  I  do  not  think  the  dangers 
and  difficulties  which  have  been  enumerated  b}'  the  various 
speakers  in  opposition  to  the  motion  are  very  serious. 
Personalty,  if  I  were  deputing  my  vote  to  a  member  I 
should  see  that  he  was  a  member  in  whom  I  had  every 
faith,  and  I  am  quite  certain  that  every  other  member 
would  adopt  the  same  principle. 

Mr.  H.  W.  Clothier:  The  provinces  want  a  closer  Mr. ciott 
touch  with  the  Council  and  with  the  London  members. 
They  do  want  to  be  more  a  part  of  the  Institution.  I  am 
sure  I  am  right  in  saying  that  there  are  dozens  and  even 
hundreds  of  men  in  the  provinces  who  would  be  members 
of  the  Institution  if  they  felt  the  corporate  spirit  of  it,  but 
a  man  cannot  feel  that  the  Institution  is  part  of  himself 
when  he  is  remote  and  practically  disfranchised.  Men  in 
the  provinces  have  no  idea  at  the  present  time  of  the  large 
amount  of  work  which  is  done  by  the  Council.  Even 
though  the  Chairmen  of  the  Local  Sections  are  repre- 
sented on  the  Council,  it  is  impossible  to  convey  to 
members  anything  like  comprehensive  details  of  work 
done  by  the  Council,  nor  the  amount  of  personal  thought 
and  devotion  which  is  given  bj'  the  President  and  the 
Past-Presidents  to  the  affairs  of  the  Institution.  We  feel 
in  the  provinces  that  pro.xy  voting  will  lead  to  a  better 
understanding  and  will  enable  all  members  to  co-operate 
for  the  general  welfare  of  the  Institution  and  the  Electrical 
Profession. 

The  motion  w^as  then  put  by  the  President  and  carried, 
25  voting  for  it  and  9  against. 

The  meeting  then  terminated. 
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19th   annual   GKNERAL    MEKTING,    17    MAY,    1917. 


Mr.  C.  P.  Sparks,  President,  took  the  Chair  at  8  p.m. 

The  minutes  of  the  Annual  G»:nor.\l  Meeting  of  the  i  ith 
Mav,  191O,  were  taken  as  read,  and  were  confirmed  and 
signed. 

The  Ch.iirman  moved  that  the  report  (sec  bdowl  of  the 
Committee  of  Nfanagemcnt  and  the  Statement  of  Accounts 

•;23^  for  the  year  1916  be  adopted.     Mr.  C.  H. 

im  seconded  the  resolution,  which  was  then  put 
tc  t!ic  incetinj;  and  carried  unanimously. 

On  the  molion  of  Mr.  R.  A.  Chattock,  seconded  by  Mr. 
P.  Koshng,  Mr.  Sidney  Sharp  and  Mr.  J.  Attlield,  F.C.A., 
were  rc-elcclcd  Honorary  Auditors. 

The  Chairman  reported  that  the  following  Committee  of 
Management  had  been  elected  for  the  year  191 7- 18  : — 


The  President  {expfficio\ 

W.  Duddcll,  F.R.S.  , 

Dr.  A.  Russell  j 

Sir  John  Snell 

W.  B.  Wood  house 

\V.  L.  Prcccc 

G.  S.  Ram 

K.  Gill 

C.  C.  Hawkins 

H.  W.  Kolle 


Representing  the 
Council. 


I  Representing  the 
j      Contributors. 


and  the 

Chairman  of  e.ich  Local  Section  in  the  United  Kingdom. 
TUe  meeting  then  terminated. 


REPORT  OF  THE   COMMITTEE   OF   MANAGEMENT   FOR   THE   YEAR    1916. 


Capital. 

The  Capital  Account  stood  on  the  31st  December,  191 6, 
a'  CA'^'A'  ."'>•.  3"  o(  which  is  invested. 

Income. 

The  Statement  of  Accounts  shows  that  the  total  receipts 
during  1916  were  as  follows  : — 

£       ..      d 

..     182  o  10 

16  9     8 

...     118  16    (> 

...      94  15    o 

25  12     6 


AXM'AL  Sl'HSCUIBERS — conlinutd. 


Dividends  on  Investments 
Interest        '  it 

Annual  ^  ik 

Donations  of  j^.5  and  over 
Donations  under  £5 


legacy  from  the  late  Mr.  H.  C. 
Donovan  ... 


100 


ANNUAL  sriiSCHtUERS. 


H.  Alabaster 

<■'..  r   All'.m 

''III 

;  i.v 

S.  K.  IJrillon 

r    ■   ■     .'lock 


V.  K.  Cornith 


/•i.17  '4    <^ 

The  accumulated  Income  nowamounlsto  _£.',833  3s.  lod., 
of  which  ^1,023  2i.  3d.  has  been  invested. 

SUIIKRIIIERS   AND    DoNOKS   IN    1916. 


The  Hon.  E.  Cozcns-Hardy 

I.  S.  Dalglicsh 

F.  R.  Davenport 

H.  Davies 

F.  E.  Davics 

W.  Deacon 

Sir  A.  Denny,  IJarl. 

J.  Devonshire 

It   M.  Dr.ikc 

Dr.  C.  V.  Drysdalc 

W.  DiuI.Irll 


K.  Edgcumbe 
W.  V.  Edwards 
S.  Evcrshcd 
M.  Farrcr 

E.  G.ircke 

F.  Gill 

Sir  R.  T.  Glazcbrook,  C.B. 

G.  F.  C.  Gordon 

B.  H.  Granger 
F.  E.  Gripper 

C.  \V.  Gwyfher 
H.  T.  Hat  rison 

C.  C.  Hawkins 

W.  C.  C.  Hawlayne 
K.  Hedges 

D.  Henriques 
].  S.  Highfield 
H.  Hirst 

H.  C.  Holroyd 
S.  Insull 

E.  S.  Jacob 
Dr.  ().  Kapp 
A.  C.  K<llv 
W.  T.  Kerr 

J.  E.  Kingsburv 

H.  W.  Kolle 

A.  1'^  Levin 

J.  R.  I'.  Lunn 

K.  do  M.  Malan 

Sir  Henry  Mance,  CLE. 

K.  Manville 

\V.  Mead 

J.  W.  Mcare* 

S.  \V,  McKf)n> 

I.   I!   Miller 


\V.  M.  Mordey 

\V.  M.  Morrison 

VV.  C.  Mountain 

A.  J.  Ncwimn 

F.  H.  Nicholson 

Col.  A.  M.  Oijilvic.  C.B. 

C.  Oliver 

E.  Parry 

The  Hon.  Sir  C.  A.  Parsons, 

K.C.H. 
W.  H.  Palchcll 
C.  C.  Patcrson 

F.  G.  Pavne 
A.  H.  Preecc 
W.  L.  Preecc 
N.  Prentice 
H.  F.  Proctor 

G.  S.  Ram 

W.  R.  Rawlings 
T.  Rich 
R.  Robcitson 
S.  R.  Rogel 
S.  A.  Rus-icll 
S.  G.  C.  Russell 
E.  Scddon 
S.  Sharp 
J.  F.  Shipley 
A.  SiciTiens 
M.  (i.  Simpson 
H.  A.  Skelton 
Sir  John  Snell 
C.  P.  Sparks 
C.  Stewart 
A.  J.  Stiibbs 
W.  C.  P.  Tapper 
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ANNUAL  SUBSCRIBERS — Continued. 


E.  E.  Tasker 
\V.  W.  Thomas 
C.  H.  R.  Thorn 
A.  P.  Trotter 
H.  D.  Wilkinson 


.W.  B.  Woodhouse 
J.  \i.  Woodward 
C.  H.  Wordingham 
H.  E.  Yerbury 


DONORS. 


p.  F.  Allan 

A.  H.  Bate 

F.  E.  C.  Burnett 

J.  Burns 

The  Cape  Town  Local 
Centre 

J.  D.  Dallas 

The  Diesel  Engine  Users' 
Association 

The  Electrical  Engineers' 
Ball  Committee 

L.  H.  Euler 

Messrs.  W.T.  Henley's  Tele- 
graph Works  Co.,  Ltd. 

H.  V.  Henniker 

A.  Howell 

The  Institute  of  Railway 
Signal  Engineers 


W.  Judd 

W.  E.  Lane 

F.  W.  Main 

Professor  T.  Mather 

C.  H.  Merz 

A.  H.  Morse 

H.  Parry 

W.  Pintner 

A.  J.  Ramsay 

E.  S.  Ritter 

Dr.  A.  Russell 

S.  Simpson 

J.  L.  Smith 

R.  T.  Smith 

].  K.  Stothert 

The  '■  Twenty-five  "  Club 

C.  Vernier 

T.  C.  T.  Walrond 


LEGACY. 

H.  C.  Donovan 


Among  the  larger  donations  received  during  the  year 
were  a  legacy  of  iTioo  from  the  late  Mr.  H.  C.  Donovan, 
and  a  donation  of  £.~,2  los.  from  Messrs.  W.  T.  Henley's 
Telegraph  Works  Co.,  Ltd. 

The  Committee  of  Management  desire  to  acknowledge 
their  indebtedness  to  these  and  the  other  donors  and 
subscribers  who  have  supported  the  Fund,  but  they  venture 
once  more  to  urge  upon  the  members  the  pressing  need 
for  a  more  generous  support  of  the  Fund.  Apart  from 
donations  the  Committee  will  be  grateful  for  annual 
subscriptions  even  of  small  amounts. 

Grants. 

Thirteen  applications  for  assistance  were  received  in 
1916,  and  the  Committee,  after  due  investigation,  made 
grants  in  all  the  cases.  One  grant  was  made  of  £-^o,  four 
of  £25,  four  of  ;£io,  two  of  ;^8,  one  of  £s  and  one  of  £^, 
a  total  of  £195  for  the  year. 

Wilde  Benevolent  Fund. 

The  Capital  Account  stood  on  the  31st  December,  1916, 
at  ^^1,846  4s.  6d.,  the  whole  of  which  is  invested  and  brings 
in  an  annual  revenue  of  £~,^  17s. 

The  balance  standing  to  the  credit  of  the  Income 
Account  at  t !;c  end  of  1916  was  £so(>  9s.  lod.,  of  which 
;^345  14s.  8d.  was  invested  and  brings  in  an  annual  income 
of  £13  lOS. 

No  grant  was  made  from  this  Fund  during  the 
year. 
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LIST   OF    MEMBERS. 

A  new  edition  of  the  List  of  Mcnil>ers  of  the  Institution 
is  in  preparation.  In  view  of  the  restrictions  on  the  use  of 
paper,  only  a  limited  number  of  copies  will  be  printed,  and 
any  member  wishing  to  have  a  copy  is  requested  to  make 
early  written  application  to  the  Secretary. 

The  copies  will  be  ready  for  dispatch  in  September. 


.AMKRIC.\N 


INSTITUTE   OK 
ENGINEERS. 


ELECTRICAL 


The  following  cablegram  has  been  received  from  the 
.American  Institute  of  Electrical  Engineers  in  reply  to  the 
message  from  the  Institution  in  connection  with  the  entrj- 
of  the  .American  Nation  into  the  War  (see  page  525)  : — 

To  IXSTITUTIOX   OK    ELECTRICAL    EXGIXEERS, 

I,  Albemarle  Street,  London. 

The  American  Institute  of  Electrical  Engineers  duly 
appreciates  your  message.  We  hope  that  the  Electrical 
Engineers  of  Great  Britain  and  of  America  working 
together  in  close  co-operation  can  bring  to  a  satisfactory 
conclusion  the  many  electrical  problems  of  the  War. 


MINISTRY  OF   MUNITIONS  OF   WAR. 

The  Institution  is  informed  that  the  Ministry  of  Muni- 
tions is  anxious  to  get  in  touch  with  good-class  mechanical 
and  electrical  engineers,  above  military  age  and  of  com- 
manding personality,  who  are  desirous  of  doing  work  of 
national  importance  but  to  whom  the  question  of  salary  is 
not  (li  primary  importance.  A  moderate  salary  and  travel- 
ling expenses  when  on  duty  will  be  paid.  Applicants 
should  send  full  particulars  of  their  experience  and  qualifi- 
cations to  I.  M.  Y.  I.,  Room  45S,  Armament  Buildings, 
Whitehall,  S.W.  i. 


F'ROFESSIONAL   AND    BUSINESS   REGISTER. 

The  Secretary  has  received  the  following  letter  from  the 
Employment  Department  of  the  Ministry  of  Labour  : — 

Emi'i.ovmkst  Department, 
Ministry  ok  Lafiock, 
Queen  Anxe's  Chamiii^rs,  S.W.  i. 
23  A/<iv,  1917. 


Dear  Sir, 


I 


tir  attention  to  the  Prof cssion.il  and  Business 

Mininlry.  which  I  think  might  be  of  service 

■  1   capable    employees   of   the 

.:   thoM  who   have  registered 

i>cr  with  business,  executive, 

very  pleartcd  to  arr.inge  for  an  interview 
'If  .^n<l  nil  11  likely  to  luit  your  rc(|iiirriiicnts 


if  you  could   give  me  as  full  details  as  possible  of  any 
assistance  of  this  kind  of  which  you  may  stand  in  need. 

(Signed)        H.  K.  Morgan. 

METRIC   SYSTEM. 

For  the  purpose  of  again  placing  on  record  the  position 
of  the  Council  in  regard  to  the  above,  iriembers  are 
reminded  that  in  May  1916  the  President  (Mr.  C.  P.  Sparks^ 
made  the  following  recommendation  on  bch.ilf  of  the 
Council  to  the  Electrical  Trades  Committee  of  the  Board 
of  Trade : — 

"  The  use  of  the  Metric  System  to  be  m.ide  compulsory 
.     after  a  reasonable  period  ;  and  during   this    period    all 
trade  catalogues  to  make  use  of   both  the    British  and 
Metric  Systems." 

The  Council's  views  as  above  were  also  stated  by  Mr. 
Sparks  in  the  discussion  on  the  Decimal  System,  opened 
by  Mr.  H.  Allcock,  M.I.E.E.,  at  the  Institution  of  Civil 
Engineers  on  the  27th  March,  1917. 

Representations  were  also  made  to  the  Engineering 
Standards  Committee  by  the  representatives  of  the  Insti- 
tution ser\'ing  on  the  Committee  that  the  Electrical  Section 
should  be  authori/.cd  to  consider  the  use  of  the  Metric 
System.  As  a  result,  the  Committee  have  agreed  that  the 
Sectional  Electrical  Committee  should  have  power,  in 
submitting  any  new  work  or  in  bringing  forward  revisions 
of  the  various  electrical  Specificitions  coming  under  their 
jurisdiction,  to  base  any  measurements  contained  therein 
upon  the  Metric  System,  provided  it  is  with  the  approval 
of  the  trade  concerned. 


TELEPHONE  "CROSSTALK"  AND  "SECRECY." 

At  the  request  of  the  Telephone  Manufacturers'  Associa- 
tion definitions  of  the  above  have  been  considered  by  the 
Telegraphs  and  Telephones  Sectional  Committee  of  the 
Institution,  and  they  have  been  approved  by  the  Committee 
and  adopted  by  the  Council  as  follows  : — 

"Cross-t.ilk'  in  telephone  sy.stems  is  the  unintentional 
overhearing  between  one  circuit  and  another,  not  due  to 
any  such  mel.illic  conneclion  as  arises  from  accident  or  is 
effected  by  a  user  or  third  p.irly.  In  practice  the  "  cross- 
talk "  m.iy  be  due  to  disturbances  arising  from  clectro- 
m.ignetic  or  electrostatic  induction,  to  Ic.ik.incc.  or  to 
insufficient  conductance,  in  a  common  portion  of  circuits. 

"Secrecy"  in  telephone  systems  is  secured  by  an 
arrangement  of  circuit*  making  it  impossible  for  a  third 
party  by  anv  normal  use  of  tin-  ^x  -Icni  to  cut  in  and  listen 
to  the  conversation  taking;  pliv  c  between  two  users,  -\t  any 
rate  without  the  knowlcdgi  of  the  parties  conversing. 

The  term  "  secrecy  must  not  be  confused  with  freedom 
from  "  crosstalk." 
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Silled  in  Action, 
de  Pomeroy,  2nd 

Lieut.  N.  R. 
Pilkington,  Capt. 

S. 
Solomon,    2nd 

Lieut.  L. 
Turton,2nd  Lieut. 

T.  C. 

EiUed. 

Moore,     Captain 
B.J.,  M.C. 

Died  of  Wounds. 
Ferranti,     Actg. 

Major  B.  Z.  de, 

M.C. 

Miller,  and  Lieut. 

F.  S. 
Thorne,    Captain 

G.  S. 
Young,    Actg. 

Major  C.  R.  M. 

Died. 

Algar,  2nd  Lieut. 

H. 
Carter,    Captain 

W.  L. 
Dumaresq,      Bt. 

Lieut.-CoI.A.H. 
Smith,      Orderly 

W.  K. 


ROLL   OF    HONOUR. 

(SEVENTH    LIST.*) 

Royal  Flying  Corps 

Leicestershire  Regt. 

King's    Own    Scottish    Bor- 
derers 
Liverpool  Regt. 

Royal  Flying  Corps 

Royal  Garrison  Artillery 


Student 

Associate 

Associate 

Member 
Student 


Associate 

Member 


Student 


Royal  Engineers 

Associate 

Member 

Royal  Flying  Corps 

Member 

Royal  Garrison  .\rtil 

ery 

Associate 

Member 

Royal  Engineers 

Associate 

Member 

Royal  Engineers 

Member 

Royal  Engineers 

Member 

Friends'  .\mbulance 

Unit 

Student 

MILITARY    HONOURS    AWARDED. 
(SEVEXTH   LIST.t) 


C.M.G. 

Simpson,     Major     Royal  Engineers 
A.  F.  H.  S. 

Distinguished  Service  Order. 

Fenning,      Capt.     East  African  Transport  Corps 

E.  G. 

lies,  Actg.  Lieut.-     Royal  Engineers 

Col.  F.  A. 
lonides,   Major       Middlesex  Regt. 

P.  D. 
Lefroy,  Major  H.     Royal  Engineers 

P.  T.,  M.C. 
Paj-ne,      Major       Machine  Gun  Corps 

F.  G. 

Simpson,    Major     Royal  Engineers 

L.  S. 
Spittle,    Major        Rova!  Engineers 

G.  H. 

Vignoles,   Major     Lincolnshire  Regt. 
W.  A. 


Associate 

Member 


Associate 

Associate 

Member 
Member 

Associate 

Member 
Associate 

Member 
Associate 

Associate 

Member 
Member 


"  For  conspicuous  gallantry  and  devotion  to  duty  during  a 
hostile  counter-attack  upon  the  battalion  of  which  he  was  in 
temporary  command.     His  prompt  initiative  and  coolness  at 

•  See  vol.  54,  pp.  64,  447,  and  674,  and  vol.  55,  pp.  55,  1Q3,  and  325. 
t  See  vol.  54,  pp.  306,  518,  and  674,  and  vol.  55,  pp.  56,  193,  and  325. 

Vol.  55. 


a  most  critical  moment  enabled  him  to  rally  his  men,  and  to 
bring  a  heavy  fire  upon  the  advancing  enemy,  and  subse- 
quently to  organize  and  carry  out  a  counter-attack  with 
complete  success.'' — London  Gazette,  18  July,  1917. 


Military  Cross. 

Barker,  Captain 
E.  A. 

Caparn,  Lieuten- 
ant E.  T. 

Cottle,  Lieuten- 
ant P.  J. 

d'.\ndria,  Lieu- 
tenant k.  V. 


Royal  Engineers 
Royal  Engineers 
Royal  Engineers 
Roval  Engineers 


Member 

Associate 
Member 

Associate 

Member 

Associ.ite 

Member 

"  All  communications  having  been  cut,  he  went  out  under 
heavy  fire  and  mended  every  cable  himself.  By  his  gallant 
conduct  he  restored  communications  at  a  critical  time  and  set 
a  splendid  example  to  his  men." — Lotnlon  Ga:ctti,  26  July, 
1917. 

Graty,  Lieutenant    Royal  Engineers  Associate 

T.  R.  '  Member 

"  He  worked  continuously  for  24  hours  under  very  heavy 

fire,  establishing  and  maintaining  communications." — London 

Gazette,  26  May,  1917. 
Powell,    Actg.         Royal  Engineers  Associate 

Capt.  C.  Member 

Puttick,    Captain     Royal  West  Kent  Regt.  Associate 

A.  W.  Member 

Distinguished  Service  Cross. 

Gardner,    Flight     Royal  Xaval  Air  Service  Student 

Lieut.  \V.  E. 

"  For  conspicuously  good  work  as  a  pilot  of  a  bombing 
m.achine.  He  has  taken  part  in  17  raids  and  numerous  fighter 
patrols." — London  Gazette,  12  May,  1917. 

Military  Medal. 

Bruce,    Lance-        Royal  Engineers  Student 

Corpl.  A.  S.  ' 

Clunas,2nd  Corpl.   Royal  Engineers  Associate 

J.  F.  Member 

Piatt,  Actg.  Sergt.     Royal  Engineers  Graduate 

F.  C. 

Legion  of  Honour  (Croix  d'Officier). 

Norman,  Captain     Special  List  Associate 

Sir  H.,  Bart. 
Stuart,  Maj.-Gen.     Roval  Engineers  Member 

A.  M.,  C.B. 

Legion  of  Honour  (Croix  de  Chevalier). 

Battye,    Major        Royal  Engineers  Associate 

B.  C,  D.S  O.  Member 
Lefroy,  Major  H.     Royal  Engineers  Associate 

P.  T.,  D.S.O.,  M.C.  Member 

Olver,      Captain     Royal  Engineers  Member 

G.  T.  \V. 

Stanley,  Captain     Royal  Engineers  Member 

R. 

Military  Order  of  Savoy  (Cavalier). 

Smith,     Major        Royal  Flying  Corps  Member 

T.  v.,  M.C. 

Silver  Medal  for  Military  'Valour  (Italy). 
Dove,  2nd  Lieut.     Royal  .\rtillery  Associate 

W.  E.  B.  Member 

35 
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■tnU0D*d  la  DupateliM. 

Aiigwin,     Major     Koyal  Engineers 

A.  S 

I  ^'  .  Koy.il  Engineers 

i  .     k       !  '  ^  '  '- 
Uccr,  Aclg.  Capt.     Royal  Engineers 

R  O 
!  LieuL   Koyal  Engineers 

BrxTci.  Lieutenant   Ro>-al  Engineers 

C.  H. 
el.r. '..m,    Actg.     Royal  Xaval  Air  Service 

1  :  Ljhl     Com. 

!  C 

:       -  !!.     RcgtI.    London  Regiment 

SciRt.-NLji  J  K. 
D AoTi.;iid  Lieut.     Koyal  Engineers 

T.  A.  F. 
Downev,     Actg.    Army  Ordnance  Dcpt. 

Opt   WE. 

Evvcr,  Major  G.    Essex  Regt. 

G. 
Franks,    Captain    Army  Service  Corps 

H.  W. 
Gray,  2nd  Lieut.     Royal  Field  .Artillery 

R. 
Hamilton,    Lieu-     Royal  Garrison  .\rlillery 

tenant  C.  X.  M. 
Hannam- Clark,     Koyal  Engineers 

Actg.     Capt. 

H.  C. 
Holbnd,  Captain    Army  Service  Corps 

H.X. 
Ile>,  Actg.  Lieut.-    Royal  Engineers 

Col.  F.  A. 
Ii>nidc5,       Major     Middlesex  Regt. 

H.  D. 
I-angdon,     Lieu-     Royal  Garrison  Artillery 

•i    Mnl  \V.  C.  C. 
1,1  :.ic.  Leutenant  Royal  Engineers 

U.  S. 
I^rov,  Major  H.    Royal  Engineers 

P.  T..  D.S.O., 

M.C. 
Lion,   Lieutenant     Koyal  Engineers 

B.  S. 

Litic,  2nd  LieuL,     Ri.>yal  Engineers 

A. 
Mtl'hcrviti.  C'.ip-     Highl.ind  Light  Infantry 

lam  A.,  I). SO. 
Mihiei,     Major     Koyal  Lancaster  Kegt. 

(;.  C. 
O'Uiicn,    Lieut.-    Royal  Enginccis 

Col.  H.  E. 
CarkinKin,    Cap-    K<iyal  Engineers 

tain  J. 
Payne,  Major  F.G.  Machine  Gun  O^ps 

Prycc,  Lieutenant   Royal  Garriv>n  Artillery 

Cip-     Royal  Engineers 

Kilcy,    Captain     Royal  Engineers 

T.  N..  O.S.C. 
R*!**.  Jnd  Lieut.     Royal  Bnginccrs 

a.  M. 
R'McvcTC, Captain  Army  Ordnantc  Department 

(i.  K. 


Simpson,    Major 

Associate 

L.  S. 

Member 

Sixer,  Lieutenant 

Associate 

N. 

McnitH:r 

Smith,     Lieuten- 

Associate 

ant  T.  A. 

Member 

Snell,  Lieutenant 

Associate 

J.  B. 

Member 

Speir,  Major   K. 

Student 

K.  X. 

Spittle,     .M  a  j  0  r 

Associate 

G.  H. 

Member 

Stanley,    Captain 

R. 

Associate 

Stu.art,  Maj.-Gen. 

Member 

A.  M.,C.H. 

Associate 

Member 

Mentioned. 

Associate 

Fuller,      C.iptain 

Member 

A.  C. 

Associ.ile 

Lister,  Lieul.-Col. 

Member 

J.  F. 

Associate 

O'Gorman,  Lieut. - 

Member 

C0I.M.J.P..C.B. 

Graduate 

Simpson,Major.\. 

F.  H.S.,C.M.G. 

Member 

Student 

MEM  BE 

Associate 

Member 

.VillHf. 

Associate 

Anderson,  J.  .\. 

Member 

Erskinc-Murray. 

Member 

J. 

Parsons,  T.  C. 

Associate 

Precce,  W.  LI. 

Member 

Reid,  H.  S. 

Associate 

Sears,  A.  H. 

Member 

Associate 

Member 

Addey,  F. 

.Angers,  A. 

Student 

Bed^on.  H. 

Black,  K.  T.  C. 

Associate 

Bowden,  J. 

Member 

Clark,  A. 

Graduate 

Cohen,  B.  S. 

Copeland,  W. 

Ass<K-iate 

Dudman,  S. 

Member 

ap  Ellis,  A. 

AsM>ciale 

Emtage,  E.  L.  M. 

Member 

(Jailey,  W.  W. 

Assoti.itc 

Gordon,  A.  H. 

Memticr 

H.ir|ier,  E. 

Associate 

lUv,  P.  S. 

Mcnjber 

Hollingu-orlh.  J. 

Student 

Knighton,  C  \V. 

Lovelace.  K.  K.  H. 

Member 

Montgomery.  CM. 

Munday.  G  \V.  J. 

Associate 

Pearmain,  E.  U. 

Member 

R.ivncr,  A.  II. 

Sliidcnl 

Richards,   H,  \V. 

H. 

A«wciale 

•  ficc  vol.  J  J,  pp 

and  6;.<i,  snil  vol.  ."ij 

Royal  Engineci's 
Royal  Engineers 
Ro>-al  Engineers 
Roy.il  Engineers 
Koyal  Engineers 
Koyal  Engineers 
Royal  Engineers 
Royal  Engineers 

Koyal  Engineers 
Royal  Engineers 
Royal  Flying  Corps 
Roy.il  Engineers 


Associate 

Associ.«te 

Member 
Associate 

Member 
Student 

Associate 

Member 

AsMociate 

.Member 
Meml>er 

Member 


Associate 

Member 
Member 

Member 

Ass,->ci.ite 

Memtjer 


MEMBERS   0\    MILITARY   SERVICE. 

(TWELFTH    LIST.') 

Mem  HERS. 


Coifs,  cic. 
Docks  Directorate 
K.X.V.K. 

Koval  Garrison  .\rtillerv 
K.X.V.K. 
Royal  Engineers 
Army  Ordnance  Dept. 

Associate   .Memiieks. 
K.X.V.K. 

South  Lancashire  Kegt. 
Aeronautical  Inspection 
Koyal  Engmcers 
Koyal  Kiitineers 
Kov.il  Flving  Corps 
K.N.VK. 
Koy.al  Engineers 
Koyal  Engineers 
Koy.il  Flving  Corps 
Koyal  Flving  Corps 
Koyal  Engineers 
l^indon  Regt. 
K.X.VK. 
Staff 

K.X.V.K. 
Canadian  Inf.antry 
Royal  Engineers 
Koyal  Engineers 
Riiyal   Engineers 
Koyal  KiigMui '  - 
Royal  Flving  Corps 
Royal  Engineers 

iqO.  .1><>.  .tH8.  and  »S7.  \-ol. 
PP   il.  194.  an<l  3»<>- 


Dept. 


Rank. 
Staff  Capt. 
Lieutenant 

3nd  Lieut. 
Lieutenant 
2nd  Lieut. 
Lieutenant 


Lieutenant 

Lieutenant 

Hon.  Lieut. 

2nd  Lieut. 

Major 

2nd  Lieut, 

Lieutenant 

2nd  Lieut. 

2nd  Lieut. 

Majoi 

2nd  Lieut. 

2nd  Lieut. 

Cadet 

Lieutenant 

Captain 

Licuteninl 

Sergeant 

Cidct 

Captain 

2nd  Lieut. 

2nd  l.icul, 

3nd  Lieut. 

Liiulenant 


M,  pp    111,  40J,  5i«, 
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Richardson,  L.F. 

Friends  Ambulance  Unit 

Conductor 

Members — con  tinned. 

Robertson,  C.  E. 

Army  Service  Corps 

Private 

y 

line. 

Coifs,  etc. 

i?.;»/t. 

Short,  E.  W. 

Aeronautical  Inspection  Dept 

Hon.  Lieut. 

Roose,  F. 

O.J. 

Royal  Garrison  Artillery 

Actg.  Maj. 

Solomon,  L. 

King's    Own   Scottish     Bor- 
derers 

2nd  Lieut. 

Vignoles, 

W.  A. 

Lincolnshire  Regt. 

Actg.  Lieut. - 
Col. 

Tnvlor,  S.  E.  W. 

Roj'al  Fhing  Corps 

2nd  Lieut. 

White,  B 

G. 

Royal  Engineers 

Captain 

Webb,  H.  J.  G. 

Royal  Engineers 
Associate. 

2nd  Lieut. 

Associ.iTE  Members. 

Butler,  J.  B. 

Cooper,  H. 

Daniels,  J.  F. 

F'lanagan,  F. 
Gibbins  J. 

Harriss,  G.  S. 
Houghton,  S.  B. 

Redgrave,  H.  C. 
Rowell,  J.  P. 
Sahgal,  S.  R. 
Sild,  A. 
Wakeling,  A.  B. 


Bassett,  A.  W. 
Bernstein,  P.  L. 
Bridge,  A. 
Butterworlh,  H. 
Claeys,  W.  R.  E. 
Cooke,  H.  R. 

Doyle,  H. 
Everett,  A.  G. 
Greenwood,  F. 
Lewis,  E.  W. 
Paul,  R.  B. 
Payman,  S. 
Rogers,  A.  H.  E. 
Strickland,  .\. 
Wells,  V.  H. 


R  X.V.K. 

Gradu.\tes. 
Royal  Xaval  Air  Service 

Royal  Xaval  Air  Service 

R.X.V.R 

Oxford     and     Bucks     Light 

Infantry 
Royal  Engineers 
Xew  Zealand  E.xpeditionary 

Force 
Royal  Engineers 
Royal  Flying  Corps 
Royal  Engineers 
Royal  Engineers 
Royal  Garrison  Artillery 

Students. 
Royal  Field  Artillery 
^lanchester  University  O.T.C. 
Royal  Engineers 
Roya!  Engineers 
Belgian  Army 
Royal  Flying  Corps 

Royal  Engineers 
Royal  Engineers 
R.X.V.R. 
Royal  Engineers 
South  Lancashire  Regt. 
Royal  Engineers 
Royal  Engineers 
Royal  Engineers 
Royal  Flying  Corps 


Lieutenant 


Warrant 

Officer 
Chief  Petty 

Officer 
Sub  Lieut. 
Sergeant 

2nd  Lieut. 
Corporal 

Lieutenant 
Captain 

Sapper 

2nd  Lieut. 


Wheatley,  E.  K.      Royal  Engineers 


Gunner 

Cadet 

Pioneer 

Cadet 

Corporal 

2nd-cl3ss  Air 

Mechanic 
Sapper 
Pioneer 
Ord.  Seaman 
Sapper 

Pioneer 
Cadet 
Pioneer 
2nd-class  Air 
Mechanic 
Pioneer 


PROMOTIONS,    TRANSFERS,    Etc.,   OF    MEMBERS 
ON    MILITARY   SERVICE. 

(EIGHTH    LIST.') 


yamc. 
Bates,  D. 
Carr,  W.  S. 
t   Gardiner,  B.  C. 
Glendenning,  S.  E. 
Lonsdale,  W.  S. 
O'Gorman.M.J.P., 

C.B. 
O'Meara,  W.  A.  J., 

C.M.G. 


Me.mbers. 

Corps,  etc.  Rank. 

Herefordshire  Regt.  Lieut. -Col. 

Royal  Garrison  Artillery  Actg.  Capt. 
Royal  Marine  Light  Infantry     Bt. Lieut. -Col. 

Royal  Engineers  Actg.  Maj. 

Royal  Engineers  Lieutenant 

T.F.  Reserve  Lieut.-Col. 

Reserve  of  Officers  Bt. Lieut.-Col. 


*  See  vol.  54,  pp.  ^07,  404,  ^79,  and  675,  and  vol.  s^.  pp.  59,  19S.  and 
3=7- 

f  For  service  in  llie  jield. 


Alty,  J.  X. 
Archer,  J.  O. 
Atkinson,  A.  M. 
Baker,  J.  .A. 
Ballard,  L.  W. 
Barnes,  S.  P. 
Beer,  R.  G. 
Bellman,  H. 
Bollam,  C. 
Brown,  T.  A. 
Billiard,  F.  R. 
Cater,  F.  L. 
Clayton,  B.  C. 
Clunas,  J.  F. 
Collins,   D.   S., 

D.S.O. 
Cottle,  P.  J.,  M.C. 
Dainty,  W.  R. 
d'Andria,  .A.  V. 
Dinham-Peren, 

A.  E.  H. 
Di.xon,  T.  A.  F. 
Dove,  W.  E.  B. 
Dunsheath,  P. 
Edridge,  W.  H. 
Ellis,  T. 
Evans,  L.,  D.S.O. 

Faunthorpe,  C.  L. 
French,  W.  W.  E. 
Goulden,  C.  H., 

M.C. 
Hamilton,  W.  G. 
Harris,  L.  J. 
Hatch,  W.  A. 
Hayward,  C.  H. 
Henderson,  H.  W. 

W. 
Hill,  L.  D. 
Hodson,  W. 
Hughes,  P.  R. 
Jacques,  G. 
Jeffreys,  T.  W. 
Keith,  C.  H. 

Lambert,  E.  A. 
Lincoln,  J.  W. 
Lovell,  W.  H. 
Lyons,  H.  M. 
McGowan,  C.  R. 

Marston,  G.  S. 
Meredith,  J. 
Moir,  G.  H. 
Morrow,  H.  E. 
Morse,  L.  G.  E. 
Xeate,  E.  P. 
O'Brien,  H.  E. 
Payne,  F.  G. 


Royal  Garrison  Artillery 
Royal  Flying  Corps 
Royal  Engineers 
Army  Service  Corps 
Royal  Engineers 
Royal  Engineers 
Royal  Engineers 
Royal  Engineers 
Roya!  Engineers 
Royal  Field  Artillery 
Durham  Light  Infantry 
Army  Service  Corps 
Royal  Xaval  Air  Service 
Royal  Engineers 
Royal  Engineers 

Royal  Engineers 
Royal  Xaval  Air  Service 
Royal  Engineers 
Ro5-al  Engineers 

Royal  Engineers 
Royal  Garrison  Artillery 
Royal  Engineers 
Royal  Engineers 
Royal  Flying  Corps 
Royal  Engineers 

Royal  West  Kent  Regt. 
Royal  Engineers 
Royal  Engineers 

Royal  Engineers 
Royal  Engineers 
Royal  Engineers 
Royal  Xaval  -Air  Service 
Indian    Army    Reserve    of 

Oflicers 
R.X.V.R. 

Royal  Sussex  Regt. 
Royal  Field  Artillery 
Royal  Flying  Corps 
Royal  Field  .Artillery 
Royal  Xaval  Air  Service 

Royal  Engineers 
Royal  Engineers 
Grenadier  Guards 
R.X.V.R. 

Honourable    Artillery    Com- 
pany 
Royal  Engineers 
Royal  Field  Artillery 
R.X.V.R. 
Royal  Engineers 
Royal  Engineers 
Royal  Engineers 
Royal  Engineers 
Machine  Gun  Corps 


Cadet 
Captain 
2nd  Lieut. 
Lieutenant 
Lieutenant 
Sergeant 
Lieutenant 
2nd  Lieut. 
Actg.  Capt. 
2nd  Lieut. 
2nd  Lieut. 
Actg.  Lieut. 
Flight  Com. 
2nd  Corpl. 
Actg.  Lieut.- 
Col. 
Lieutenant 
Lieutenant 
Lieutenant 
Actg.  Capt. 

Lieutenant 
Lieutenant 
Actg.  Capt. 
2nd  Lieut. 
Captain 
Actg.   Lieut.- 
Col. 
Lieutenant 
Actg.  Capt. 
Lieutenant 

Lieutenant 
Lieutenant 
Lieutenant 
Flight-Com. 
2nd  Lieut. 

Actg.  Lieut. 
Corporal 
Actg.  Maj. 
Captain 
Cadet 

Flight  Sub- 
Lieut. 
Lieutenant 
Actg.  Maj. 
Lieutenant 
Lieutenant 
Captain 

Actg.  Maj. 
2nd  Lieut. 
Sub-Lieut. 
Captain 
Captain 

Lieutenant 

Colonel 

Major 


640 


INSTITITIOX    NOTES. 


Associate  Memhers — conlitined. 


I'cti  r 

I'  .^ 
1 


H.  H. 

:.   A.M.C. 
\V., 


K..i:t:.  S.  R. 
Ko-  .  T.  A. 
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Water  resources  paper,  no.  16]. 

Svo.     364  pp.     Ottawa,  1916 

VALt-AfRl,  G.     Sul  funzionamcnto  dei  tubi  a  vuoto  a  trc 
cicttrodi  (audion)usnti  nella  radiotelcgrafia.     [Estratto 
dal  Giornale  L'Eletliolecnica]. 
I  4to.     18  pp.    .Milano,  [1917] 

Veriiaxdes  Del'tscher  Elkktrotkchxiker.  Statistik 
derelektriziliitswerke  in  Deutschland.  Herausgogeben 
von  Georg  Dettmar.  Svo.     547  pp.     /ir»7/M,  1913 

ViNAi,,  G.  W.,  and  Hates,  S.  J.  Comparison  of  the  silver 
and  iodine  voltameters  and  the  determination  of  the 
value  of  the  Far.iday.  [United  States,  Dept.  of  Com- 
merce, Scientific  Papers  of  the  liureau  of  Standards, 
no.  21S.  Reprinted  from  Bulletin  of  Bureau  of 
St.indards,  vol.  10].        8vo.     26  pp.     H*<i'./;iiix;fi'/i,  1914 

Waters,  C.  E.  Data  on  the  oxidation  of  the  automobile 
cylinder  oils.  [United  States,  Dept.  of  Commerce. 
Technologic  Papers  of  tlie  Bureau  of  Stand.ird>., 
no.  73].  Svo.     20  pp.     Washington.  H)i(i 

Wig.  K.  J.,  Wil.i  lAMs.  G.  M.,  and  G\ti  s,  E.  K.  Strength 
and  other  properties  of  concretes  as  alfecled  by 
m.iteriaK  and  methods  of  prep.aratmn.  [United  States. 
Dcpt.  of  Commerce,  Technologic  I'.ipers  of  the  Hureau 
of  Standards,  no,  5K]. 

Svo.     172  pp.     IIVis/;/H^7i>«i,  191ft 
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HARALD  BILLE  met  his  death  under  tragic  circum- 
stances on  the  igth  August,  iqi6,  whilst  travelling  from 
Norwood  Junction  to  Victoria  Station.     He  was  the  son  of 
a  Danish  clergyman  and  was  born  on  the  25th  May,  1879. 
In  1902  he  took  the  degree  of  Civil  Engineer  at  the  Poly- 
tekniske    Laeranstalt   at   Copenhagen,   and   after   a   short 
time  spent  in  the  designs  department  of  Burmeistcr  and 
Wain,     the    well-known     shipbuilders,    he    entered     the 
technical  branch  of  the  Great  Northern  Telegraph  Com- 
pany   at    Copenhagen    in    August    IQ02.      Two    months 
afterwards    he    was    transferred    to    Newcastle,   and    six 
months    later    to    London.     On.  the    ist   May,    1904,    he 
was    appointed    an   engineer's    assistant   at  Copenhagen, 
where  for  the  next  few  3'ears  his  work  w'as  chiefly  con- 
nected with   the   instrument   factory,  and  this  gave  him 
full  opportunity  of  developing  his  mechanical  ability.     On 
the  ist  March,  1907,  he  was  promoted  to  assistant  engineer 
and   transferred  to  Shanghai.      He  remained  in  the   Far 
East  till  the  end  of  1909,  during  which  time  he  paid  visits 
to   the   various   stations  of   the   company  out   there   and 
conducted    experimental    work,   which    enabled    him    to 
become  thoroughly  acquainted  with  Great  Northern  prac- 
tice.    For  about  nine  months  he  acted  as  engineer  during 
the  absence  of  Mr.  Schonau.     He  returned  to  Copenhagen 
at   the  end  of   1909,  and  from  May  1910  he  was,  in  con- 
junction  with   Mr.   Albertus,   placed    in    charge    of    the 
technical  department  there.    During  the  following  years 
he  was  constantly  at  work  upon    a  receiving  perforator, 
which  he  eventually  succeeded   in   perfecting   to  such  a 
degree    that    Mr.   Creed,   who    some    years    earlier    had 
invented  a  similar  instrument,  offered  him  a  partnership 
in   his   business.      This  Mr.   Bille   accepted  and,  in  con- 
sequence, resigned  his   position   in  the  company  on  the 
1st  March,  1912.     Since  the  outbreak  of  War  he  devoted 
himself  with  unflagging  energy  to  the  work  of  producing 
munitions.     He  was  heart  and  soul  with  the  Allies  and  had 
applied  for  letters  of  naturalization  so  that  he  might  offer 
his  services  to  the  War  Office.     As  a  telegraph  engineer 
he  stood  in  the  front  rank.     His  breadth  of  knowledge,  his 
logical  orderly  mind,  and    his   quiet  and  gentle  bearing 
endeared  him  to  all  telegraph  men  with  whom  he  came  in 
contact.     He   had  to  an  unusual  degree   the  capacity  of 
inspiring  affection  from  all  those  who  were  subordinate  to 
him.      He  leaves  a  widow  and  three  children  to  mourn 
his  loss.     He  was  elected   a   Member  of   the   Institution 
in  1914.  H.  H.  H. 

SYDNEY  THORNTON  DOBSON  was  the  fifth  son 
of  the  late  Henry  Holmes  Dobson,  of  Piccadilly,  and  was 
bora  in  London  on  the  20th  January,  1866.  He  was 
educated  at  St.  Paul's  College,  Stoney  Stratford,  and  at 
King's  College  School,  London,  and  studied  at  the  School 
of  Electrical  Engineering,  Princes-street,  Hanover-square. 
After  serving  for  12  months  with  Messrs.  Edmunds  and 
Goolden,  he  was  apprenticed  in  1884  to  Messrs.  R.  E. 
Crompton  &  Co.,  passing  through  all  departments  of 
their  works,  and  later  acting  as  second  engineer  at  their 


electric  lighting  station  at  Tilbury  Docks.  In  1887  he 
joined  the  electrical  staff  of  the  Imperial  Continental  Gas 
Association,  and  as  senior  assistant  had  charge  of  their 
central  station  in  Vienna  for  the  electric  lighting  of  the 
Court  Theatres,  which  was  at  that  time  the  largest  example 
of  the  supply  of  electricity  at  low  pressure  and  with  storage 
batteries.  In  1889  he  returned  to  England,  and  was 
appointed  chief  engineer  to  the  St.  James'  and  Pall  Mall 
Electric  Light  Company,  then  just  commencing  supply, 
and  he  occupied  that  position  at  the  time  of  his  death.  In 
1900,  when  the  Central  Electric  Supply  Compan}'  was 
formed  for  the  supply  of  electricity  in  bulk,  he  was 
associated  with  Sir  .\lexander  Kennedy  as  joint  engineer 
of  the  scheme.  His  professional  life  was  entirely  devoted 
to  the  interests  of  these  electric  suppl)'  undertakings,  and 
their  success  is  in  no  small  measure  due  to  his  high 
technical  skill  and  sound  judgment.  He  was  accidentally 
drowned  through  a  fall  from  his  motor  yacht  in  Poole 
Harbour  on  the  5th  July,  1916.  Though  he  never  cared 
to  take  the  prominent  position  in  public  to  which  his 
abilities  and  force  of  character  entitled  him,  he  was  known 
and  appreciated  by  a  large  circle  of  friends  and  his  loss 
will  be  deeply  regretted  by  them,  as  well  as  by  the  even 
larger  circle  of  those  who  from  time  to  time  had  the 
advantage  of  his  ready  assistance  and  advice.  He  was 
elected  a  Member  of  the  Institution  in  1889,  and  served  on 
the  Council  from  1902  to  1905. 

WILLIAM  ELLIS,  F.R.S.,  was  born  at  Greenwich  in 
the  year  1828.  At  the  early  age  of  13  years  he  entered  the 
service  of  the  Royal  Observatory,  as  a  member  of  the  com- 
puting staff  then  engaged  upon  the  reduction  of  the 
important  series  of  observations  of  the  moon,  made  in  the 
years  1750  to  1830.  After  the  completion  of  these  reduc- 
tions, he  received  the  appointment  of  junior  assistant  on 
the  Observatory  staff  in  1853,  and  two  years  later  was 
placed  in  sole  charge  of  the  time  signals,  and  control  of  the 
Time  Department.  In  that  capacity  the  development  of 
the  system  for  the  distribution  of  correct  time  throughout 
the  country  claimed  a  considerable  share  of  his  official 
duties,  and  the  system  was  gradually  brought  to  a  state  of 
perfection.  The  scheme  which  he  developed,  in  concert 
with  the  Post  Office  as  distributing  agents,  was  full}' 
described  by  him  in  Nature  in  1876,  and  afterwards 
reprinted  as  an  Appendix  to  the  Greenwich  Volume  for 
1879.  -^s  ^'i  extraneous  portion  of  the  work  connected 
with  his  department,  he  took  part  in  the  telegraphic  work 
involved  in  the  following  longitude  determinations : — 
Edinburgh,  1857-1858  ;  Valentia,  1862  ;  Glasgow,  1865  ; 
and  the  observing  stations  included  in  the  Transit  of  Venus 
expedition  of  1874.  At  the  end  of  the  year  1874  he  was 
appointed  to  succeed  Mr.  Glaisher  as  Superintendent  of 
the  Magnetical  and  Meteorological  Department  at  the 
Royal  Observatory.  His  knowledge  of  that  department 
was  then  confined  to  occasional  inspections  of  the  adjust- 
ments of  the  earth  current  galvanometers  and  wires,  and 
regular  attention  to  the  standard  sidereal  clock.     On  taking 
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op  the  official  work  of  his  new  charge  he  turned  his  atten- 
tion to  the  investigation  of  the  connection  between  the 
It  ve.ir<' <:;in-spot  period  and  magnetic  variations,  which 
I-  it-d  by  Sir  Kdward  S;ibine  but  had  not  yet 

'^^  -        lo  scientific  examination.     For  this  task  he 

employed  the  magnetic  records  which  had  been  accumu- 
Luing  at  the  Royal  Obscr\-atory  since  1848.  Ho  pursued 
his  investigation  with  great  thoroughness  and  completed 
his  task  by  the  year  1879,  when  he  communicated  the 
result  in  a  paper  to  the  Royal  Society  wliich  is  publislied 
in  their  Triiinacliom  for  i88o.  He  subsequently  ex- 
panded his  research  to  include  all  the  results  of  the  obscr- 
\-aIions  (or  the  56  years  i84i-i89r<,  and  the  final  results 
obtained  in  this  important  inquiry  are  given  in  a  paper 
printed  in  tlic  63rd  volume  of  the  Proceedings  of  the 
Royal  Society.  The  reUtion  between  the  sun-spot  fre- 
quency and  the  magnetic  elements  is  clearly  shown  in 
both  of  these  investigations.  Many  other  magnetic  papers 
followed  at  brief  inter\-als  contributed  cither  to  the  Roval 
Society  or  to  the  Royal  Astronomical  Society,  and  are  pub- 
lishcH  in  the  records  of  those  Societies.  As  relating  to  the 
^-  cal  section  of  his  charge,  he  contributed  many 

^  .  ij'crs  to  the  Roy.il  Meteorological  Society  during 

his  term  of  office  as  President  of  that  Society  in  the  session 
18S7-1SSS.  At  the  end  of  the  year  1893,  having  completed 
his  full  term  of  service,  he  retired  from  official  life  at  the 
age  of  65  years,  but  still  continued  to  interest  himself  in 
scientilic  work  until  he  became  disabled  from  physical 
exertion  by  increasing  age  and  gradual  loss  of  sight.  He 
du'l  .It  Hl.ickhcath  on  the  nth  December,  ic>i6,  .at  the 
'-;c  of  88  years.  He  was  elected  a  .Member  of 
<  '.ion  in  1873.  \V.  C.  N. 

ALBERT  HARRIS  HOWARD,  who  died  on  the  ist 
November,  1916,  was  born  .it  Knightsville  near  Providence 
in  Rhode  Island  on  the  nth  July,  1863,  He  was  the  son 
of  Mr.  All>crl  C.  How.ird,  a  banker  in   Providence,  who 

V  (fovernor  of  the  State  of  Rhode  Island  and 
'    Civil  War,  was  an  officer  in  tlie  I'nited 

Stales  Army.  The  family,  descended  from  the  historic 
House  at  Arundel,  migrated  to  America  in  the  year  Mto 
and  settled  in  Connecticut,  and  Albert  How.ird  was  born 
on  the  estate  acquired  by  his  great-grandfather  in  Rhode 
IsUnd  in  the  year  1795.  From  early  years  Mr.  Howard 
^'  I  marked  talent  for  mathematics  as  well  as  for 

1  mil  in  1880  he  entered  the  llrowii  University, 

V  I  more  scope  for  his  mathematical  and 
i  nts. 

Wiln  tiic  object  of  pursuing  llic  profession  of  Knginccr- 
iiii'  fti.iii  the  piactical  side  Mr.  Howard  entered  the 
r-  -^  works  of  Messrs.  Arniington  and  Sims,  and 

III  It  II'  came  to  l>ondon  and  was  associated  with  his 
brother-in-law,  Mr.  Henry  Ivlmunds,  a  member  of  the 
1-  That  wa«  during  t'  i  cat  electrical 

<:  III,    and    at   Ihp    I- ^  ,:ion    he    h.id 

cl>a(^<  of   '  -i  cl>.cliic  illumination 

which    Ml  <),:    at   that    Kxhibition. 

After  that  Xfr.  Howard  was  connected  with  a  ntimber  of 
electric  lighting  undcrtakingt  in  various  pails  of  the 
country.  He  held  the  pout  of  Chief  Knginecr  to  the 
Cadof^n  Ktectric  Light  Company  for  four  ycar»,  and  for  a 
similar  pcrio<l  wat  Chief  Knginecr  lo  the  London  and 
HampUcad  Uallcry  Company.     He  was  al»o  for  Mine  years 


the  London  manager  for  Messrs.  \V.  T.  Glover  &  Co. 
In  lifjn)  he  became  secretary  of  the  Cable  Makers' 
Association,  a  post  which  he  held  to  the  end  of  his  life, 
and  to  whom  his  death  is  a  severe  loss,  for  his  duties 
often  involved  very  difficult  and  delicate  matters  to 
negotiate  and  adjust  ;  but,  by  his  exceptional  tact  and 
unfailing  amiability,  he  won  the  esteem  and  affection  of 
;ill  the  memlxTS  of  the  Association  as  expressed  in  a  reso- 
lution passed  by  a  full  meeting  of  that  body  tlic  day  after 
his  death.  They  could  not  but  appreciate  his  lovalty  and 
devotion  to  his  duties  which  he  so  successfully  performed, 
although  during  the  greater  part  of  his  secretaryship  he 
was  a  great  sufferer  from  the  painful  complaint  which 
brought  about  his  end  ;  and  they  could  not  but  admire  the 
cheerfulness  and  true  heroism  with  which  be  bore  his 
illness. 

He  was  elected  a  Member  of  the  Institution  in  May  1896, 
having  been  proposed  by  Mr.  Henry  Edmunds  and  sup- 
ported by  the  late  Sir  William  I'recce,  F.K.S.,  the  late 
W.  F.  Goolden,  and  the  late  H.  E.  Harrison.  It  does  not 
appear  that  he  contributed  any  papers  to  the  Institution,  but 
he  took  p.art  in  several  discussions  at  the  meetings,  not.ably 
on  Mr.  R.  E.  Crompton's  paper  on  "The  Institution  Wir- 
ing Rules"  in  January  1891),  and  he  served  on  the  Com- 
mittee on  Copper  Conductors  in  1900. 

He  had  a  renLirkable  gift  for  invention  ;  and,  but  for  his 
illness  which  affected  so  many  )xars  of  his  life,  there  can 
be  little  doubt  that  he  would  have  taken  a  very  high  posi- 
tion in  his  profession.  He  was  the  inventor  of  the 
"Howard  Conduit"  or  trough  for  carrying  electrical 
cables  wliich  acted  as  an  economical  protection  for  under- 
ground conductors  as  well  as  an  insulator.  He  was  also 
the  designer  of  the  "  Plion "  system  of  lighting  street 
lamps  and  of  a  method  of  armouring  cables. 

Those  who  were  privileged  to  know  him  when  he  first 
came  to  this  country,  and  for  some  years  after  until  his 
health  broke  down,  will  never  forget  his  bright  magnetic 
influence  with  young  and  old,  his  fascinating  personality, 
and  tlie  original  and  inimitable  college  songs  with  which 
he  would  occasionally  delight  his  friends  ;  but  perhaps  the 
true  greatness  of  his  character  displ.iyed  itself  still  more 
during  the  last  few  years  of  his  life,  for  in  all  his  suffering, 
which  at  times  was  very  great,  he  maintained  the  most 
heroic  and  unselfish  cheerfulness,  doing  everything  in 
his  power  to  make  life  briglit  around  him.  Truly  by  his 
death  a  most  lovable  ch.-iractcr  has  gone  from  our  midst, 
and'thc  world  and  the  profession  are  the  poorer  for  his  loss. 

He  was  a  very  accomplished  chess-player,  his  clear 
mind  and  powers  of  concentr.ition  standing  him  in  good 
stead  in  this  game.  The  writer  of  this  notice  has  more 
th.in  once  seen  him  play  five  games  simultaneously,  .ind  win 
most  of  them,  having  his  b.ick  turned  to  the  Iw.ards. 

He  married  a  daughter  of  Mr.  William  H.irris  of 
Wavendcn,  Bucks,  who  survives  him  with  two  children 
— a  son,  ;U  present  ciig.igcd  on  scientific  woik  in  the  Air 
Department  of  the  Admiralty,  and  a  daughter.        C.  W.  C. 

GKORCiK  KKITH  was  the  fourth  son  of  the  laic  James 
Keith  of  Cliapelliall,  Kllon,  Abenlcciishirr,  and  was  liorn  in 
1846.  He  was  educated  at  the  .Vlierdccn  (Iramniar  School 
and  Aberdeen  I'niversitv,  after  which  he  was  apprenticed 
lo  the  engineering  biisiiu-ss  and  went  through  the  engineer- 
ing course  at  Glasgow  Inivcrsily  under  the  late  Professor 
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Rankine.  For  several  j'ears  he  was  on  the  staff  of  Sir 
William  Thomson  (afterwards  Lord  Kelvin)  and  Professor 
Jenkin,  consulting  engineers  for  the  construction  and  lay- 
ing of  submarine  cables  on  the  coast  of  Brazil,  and  he 
received  from  the  Emperor  Pedro  II  the  order  of  "Caval- 
liero  da  Ordin  da  Rosa."  He  was  afterwards  for  a  con- 
siderable time  resident  in  Cuba,  where  he  held  the 
position  of  manager  and  engineer  of  the  Cuba  Submarine 
Telegraph  Company.  From  1892  until  his  death,  which 
occurred  on  the  22nd  August,  19 16,  following  an  operation, 
he  was  director  and  engineer  of  the  company  in  this 
country,  and  latterly  its  chairman.  He  was  also  chairman 
of  the  Chili  Telephone  Companv,  chairman  and  managing 
director  of  the  Amazon  Telegraph  Company,  and  a  director 
of  the  River  Plate  Telephone  Company.  He  was  elected 
a  Member  of  the  Institution  in  1S78. 

Sir  HIRAM  STEVENS  M.A.XIM  was  born  in  Maine, 
U.S.A.,  on  the  5th  February,  1840.  He  ser%-ed  an  appren- 
ticeship with  a  firm  of  coachbuilders,  and  after  spending 
a  short  time  in  the  machine  works  of  his  uncle  obtained 
an  appointment  as  foreman  at  an  instrument  factorj-  at 
Boston,  subsequently  going  to  a  firm  of  shipbuilders. 
About  this  time  he  commenced  to  take  out  a  number 
of  patents  in  connection  with  illumination  by  gas  and  for 
engineering  and  electrical  apparatus.  He  was  one  of  the 
first  to  appreciate  the  possibilities  of  electric  lighting,  and 
claimed  to  have  invented  in  1878  the  first  carbon  glow 
lamp.  The  United  States  Electric  Lighting  Company  was 
formed  about  this  time  to  take  over  and  work  his  electric 
lighting  patents,  which  included  several  systems  of  arc 
lighting.  Shortly  afterwards,  in  1881,  he  turned  his  atten- 
tion to  firearms  and  developed  the  automatic  gun  with 
which  his  name  was  always  associated,  and  a  smokeless 
powder.  In  1896  the  company  manufacturing  this  gun 
were  taken  over  by  Messrs.  Vickers,  who  a  year  later 
changed  their  title  to  Messrs.  Vickers,  Sons  &  Maxim. 
Sir  Hiram  was  one  of  the  pioneers  of  mechanical  flight 
in  this  country  and  in  the  early  days  his  experimental 
machines  aroused  great  interest.  The  honour  of  knight- 
hood was  conferred  on  him  in  1901.  He  died  on  the 
24th  November,  1916.  He  was  elected  a  Member  of  the 
Institution  in  1898. 

D.  MONNIER,  who  died  on  the  9th  December,  1914, 
was  born  at  Odessa  of  French  parents,  and  was  educated 
at  the  Ecole  Centrale.  In  1885  he  was  appointed  engineer 
to  the  Gas  Company  at  Marseilles,  a  position  which  he 
held  for  many  years,  and  he  was  responsible  for  the 
installation  of  a  modern  gas-supply  system  in  that  city. 
A  sedentary  occupation  did  not,  however,  appeal  to  him, 
and  being  of  an  investigating  turn  of  mind,  he  joined  in  - 
1879  the  Paris-New  York  Transatlantic  Telegraph  Com- 
pany and  was  responsible  for  the  construction  and  laying 
of  cables  and  for  the  control  of  the  Company's  stations  in 
France,  England,  and  America — a  very  different  role  from 
that  of  supplying  gas  in  Marseilles.  It  was,  however,  the 
International  Electrical  Exhibition  of  Paris  in  1881  which 
showed  him  his  real  bent,  namely,  the  industrial  applica- 
tions of  electricity.  The  electric  glow  lamps  shown  at  that 
exhibition  foreshadowed  a  complete  change  in  methods  of 
lighting.   The  old  and  powerful  gas  companies  were  afraid 


of  what  such  lamps  might  lead  to,  and  some  of  them  united 
to  form  a  research  laboratory  where  the  possibilities  of  the 
new  rival  could  be  investigated.  They  had  no  hesitation 
in  placing  in  charge  of  this  laboratory  Monsieur  Monnier, 
who  was  both  a  gas  and  an  electrical  engineer.  They 
could  not  have  made  a  better  choice.  In  1884  the  English 
Continental  Gas  Company  requested  him  to  undertake  the 
lighting  of  two  theatres  and  the  erection  of  a  power  station 
to  supply  them,  which  at  that  date  was  an  enterprising 
scheme.  The  same  year  the  Ecole  Centrale  decided  to 
create  a  special  department  for  the  teaching  of  electricity 
and  its  industrial  applications.  Monsieur  Monnier  was 
appointed  head  of  the  department,  a  position  which  he 
held  until  his  death.  This  was  the  first  occasion  on  which 
electrical  engineering  had  been  a  recognized  course  in  a 
large  French  technical  school.  When  one  looks  back  now 
at  those  electrical  courses  of  1884-1885  which  comprised 
only  20  lessons,  it  is  amusing  to  see  what  a  small  number 
of  lessons  were  sufficient  to  instruct  an  engineer  in 
the  general  theory  of  electricity  and  magnetism,  elec- 
trical measurements,  continuous  and  alternating-current 
machines,  transformers,  lighting,  photometry',  electrical 
transmission  and  distribution,  batteries,  galvanoplasty, 
and  even  telegraphy.  When  one  turns  to  the  last  course 
of  lectures  given  by  Monsieur  Monnier  in  1913-1914,  at 
the  age  of  nearly  80 — a  course  of  50  lessons,  including  the 
design  of  machines,  overhead  lines  and  distribution  of 
alternating  currents,  with  or  without  the  use  of  the  method 
of  imaginary  quantities — one  can  truly  admire  the  remark- 
able youlhfulness  of  spirit  of  a  man  who,  at  an  age  when 
most  people  begin  to  forget  the  little  they  have  known, 
kept  himself  thoroughly  informed  as  to  all  that  was  pub- 
lished on  his  subject  in  France  and  other  countries,  and 
continually  introduced  into  his  lessons  the  results  of  the 
most  recent  researches.  He  had  a  charming  personality 
and  his  good  humour  made  him  one  of  the  most  popular 
of  the  professors,  and  those  who  knew  him  will  always 
remember  him  with  affection.  More  than  6,000  engineers 
now  scattered  throughout  the  world  were  educated  by 
him,  and  more  than  once  during  recent  years  he  has  seen, 
seated  on  the  forms  before  him,  the  sons  of  those  whom 
he  had  taught  in  the  early  days.  Throughout  his  long 
career  Monsieur  Monnier  took  part  in  all  the  important 
technical  commissions  ;  he  was  also  one  of  the  judges 
at  all  the  electrical  exhibitions  and  he  received  numerous 
honorary  distinctions.  He  was  elected  a  Foreign  Member 
of  the  Institution  in  1880  and  became  a  Member  in  191 1. 

G.  S. 


JOHN  JAMES  RUDALL  OVERTON  was  appointed 
after  a  course  of  training  at  Cooper's  Hill  Engineering 
College  an  assistant  superintendent  in  the  Indian  Tele- 
graph Department  in  October  1893  and  rose  to  the  rank 
of  superintendent  in  July  1909.  On  the  amalgamation  of 
the  Telegraph  Department  with  the  Post  Office  of  India 
he  was  appointed  Deputy  Postmaster-General  in  the  Pro- 
vince of  Bihar  and  Orissa  in  April  1914.  He  retired  from 
the  service  in  June  1915.  He  was  elected  an  Associate 
Member  of  the  Institution  in  1907  and  a  Member  in  1913. 

JULIUS  POSSMANN,  who  died  at  Sierre  (Switzerland) 
on  the  2nd  October,  1916,  was  a  Member  of  the  Institution 
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since  1873,  and  was  thus  one  of  the  oldest,  of  whom  very 
few  arc  now  left  to  us.  He  was  born  at  Cologne  in  1843. 
and,  leaving  school  early,  entered  a  firm  of  railway  engineers 
and  contractors,  whore,  considering  his  years  and  oppor- 
tunities, he  acquired  a  creditable  smattering  of  mechanical 
knowledge.  In  1861  he  came  to  London  and  at  once 
obtiincd  emplo\nncnt  in  the  Foreign  Gallery  of  the  old 
Electric  and  International  Telegraph  Company  (then  under 
Mr.  H.  C.  Fischer),  where  his  knowledge  of  German, 
French,  and  English  was  appreciated.  The  idea  of  con- 
necting the  Mother  Country  with  her  Indian  dependencies 
was  a  very  old  one,  and  after  the  Mutiny  of  1S57  it  was 
seen  to  be  a  matter  of  urgent  necessity.  In  i860  the  Red 
Sea  cables  were  laid,  but,  owing  to  imperfect  manufacture 
and  careless  laying,  they  failed,  one  section  after  another, 
in  a  very  few  months.  These  failures  gave  a  great  set-back 
to  submarine  cable  enterprise,  and  it  was  not  until  after 
the  return  of  the  Red  Sea  repairing  expedition  of  1862, 
under  Sir  Charles  Bright,  that  the  Government  would  con- 
sent to  any  scheme  of  telegraphic  communication  between 
Kngland  and  India.  Towards  the  end  of  iXdz,  Colonel 
Patrick  Stew.irt,  R.K.,  returned  from  a  special  mission  to 
Persia,  the  object  of  which  was  the  establishment  of  a  line 
of  telegraphs  along  the  Mckran  Coast,  the  Persian  Gulf, 
and  the  Turkish  dominions.  His  report  was  so  s.-itisf.actorv 
that  the  Government  decided  to  commence  the  work  at 
once.  Colonel  Stewart  wa>  appointed  to  superintend  the 
scheme  on  behalf  of  the  Government,  while  Sir  Charles 
Bright  and  Mr.  Latimer  Clark  were  appointed  ciii^inecrs 
and  electricians  under  whose  sole  supervision  the  cable 
was  to  be  manufactured,  conveyed  to  destination,  and 
finally  laid.  The  manufacture  was  commenced  at  Messrs. 
Henley's  Works,  Woolwich,  in  February,  1863,  and  the 
total  length  of  nearly  1,500  miles  was  completed  by  the 
middle  of  October  in  the  same  year.  Meanwhile, 
Dr.  Esselbach  was  appointed  Director  of  the  new  depart- 
ment and  was  charged  with  the  duty  of  selecting  the 
scientific  and  clerical  staffs.  Amongst  the  latter  Mr.  Poss- 
mann  had  the  good  fortune  to  be  chosen  as  first-class  cable 
clerk  on  the  nth  August,  1863  ;  and  he  s.ailed  for  India 
early  in  the  following  month.  Within  three  years,  owing 
to  deaths  and  resign.ations  in  the  superior  staff,  he  was 
promoted  to  the  rank  of  Assistant  Superintendent  on  the 
5th  September,  1866.  On  the  ist  January,  i8<).),  he  was 
appointed  Construction  Superintendent,  and  witli  three 
other  officers  surveyed  and  marked  out  the  route  for  a  new 
l.indline  between  Gwadur  and  Jask  (Mekraii  Coast).  In 
the  course  of  this  work,  through  a  wild  and  little-known 
country  in'iahitcd  by  turbulent  people,  these  officers  were 
opposed  and  obstructed  at  every  step  by  the  local  chiefs, 
who  regarded  the  telegraph  as  the  work  of  Shaitan  (the 
devil)  ;  but  with  tact,  patience,  and  a  judicious  use  of 
baksheesh  (the  silver  key)  all  difficulties  were  overcome. 
On  return  to  headijuartcrs  from  this  arduous  expedition 
in  the  vsry  hottest  season,  Mr.  I'ossmann  was  promoted  to 
Station  Superintendent  Ci3rd  August,  18^9).  In  the  follow- 
ing autumn  an  additional  cable  (Hooper's  india-rubber) 
wat  Liid  down  tictween  ]ask  and  Biishirc.  The  operation 
wa»  carried  out  without  a  hitch  under  the  personal  super- 
vi>ion  of  Mr.  Latimer  Cl-vk  and  Colonel  Bateman- 
Champain,  then  the  Dircclor-inChief  of  the  Department. 
Lieutenant  Sliffc,  late  Indi.in  Navy,  directed  the  course  on 
hoard   the   Daica  and    prepared   the  cable  cliartH,  while 


testing  operations  were  in  the  hands  of  Messrs.  Herbert 
T.iylor  (of  Mr.  Clarks  staff),  Possmann,  and  Melhuish.  In 
those  far-off  days,  and  amongst  the  unruly  peoples  who 
inhabited  the  Mekran  Coast,  the  telegraph  officer  was  more 
than  a  pioneer  of  science.  He  w.is  expected  always  to  be  a 
pattern  to  the  natives  around  him,  and  often  his  tact  and 
firnuiess  in  emergencies  were  put  to  a  severe  test.  Mr. 
Possmann  was  chief  actor  in  at  least  one  such  emergency. 
On  the  retirement  of  Sir  Henry  Mance  on  the  23rd  Decem- 
ber, 1886,  Mr.  Possmann  was  appointed  Knginecr  and 
Electrician,  and  finally,  on  the  1st  April,  1893,  he  became 
head  of  the  department  as  Director,  with  ex  officio  magis- 
terial powers  along  the  Mekran  Coast.  For  the  last  few 
years  of  his  service  he  was  (in  addition  lo  his  telegraph 
duties)  President  of  the  Karachi  Municipality,  and  Chair- 
man of  the  Harbour  Board,  Manora.  He  retired  on' 
pension  on  the  19th  February,  1897,  after  nearly  34  years' 
service,  and  although  many  of  these  years  were  spentlin 
very  trying  climates,  such  as  Gwadur  (Mekran  Coast), 
Bushire  (Persian  Gulf),  and  Fao  (Shat-el-.\rab),  he  enjoyed 
always  the  best  of  health.  Soon  after  his  retirement, 
however,  symptoms  of  heart  trouble  began  to  show 
themselves,  and,  although  seldom  ailing,  he  h.ad  to  be 
careful.  He  therefore  lived  very  quietly,  spending  his 
summers  in  Kngland  and  wintering  abroad,  for  the  first 
few  years  at  Montreux.  then  for  10  years  in  succession  in 
Kgypt,  and  for  the  last  two  winters  at  Tcrritet  in  Switzer- 
land. He  was  on  his  way  to  this  place  for  his  third  winter 
wlien  he  was  taken  ill  at  Sierre  and  in  a  few  hours  died  (of 
heart  failure)  without  pain  and  almost  without  warning. 

]•  ]•  V. 

JOHN  RICHARD  PREI-XE,  C.M.G.,  was  born  at 
Carnarvon,  North  Wales,  in  1843.  He  w.as  the  youngest 
son  of  R.  M.  Preecc  of  that  town  and  brother  of  the  late 
Sir  William  Preece,  K.C.B.,and  of  the  late  George  Edward 
Preece.  He  was  educated  at  a  private  school  at  Fulham 
and  at  the  Imperial  College.  France.  He  afterwards 
joined  his  eldest  brother's  staff,  who  w.as  then  a  divisional 
engineer  of  the  Electric  Telegraph  Company  and  was 
stationed  at  Southampton.  In  1868,  on  the  formation  of 
the  Indo-European  Telegraph  Department,  he  obtained 
an  appointment  as  assistant  traffic  manager  and  was  sent 
out  to  Persia.  From  1868  to  i8()i  he  was  connected  with 
the  Indo-European  telegraphs  .md,  except  for  occasional 
leave  spent  in  this  country,  lived  entirely  in  Persia, 
travelling  very  largely  in  that  country.  In  i87<)  a  paper 
written  by  him  was  read  before  the  Society  of  Telegraph 
Engineers  on  "  Telegraphs  in  Persia."  He  was  also 
Local  Honorary  Secrct.iry  to  the  Society  in  Persia.  He 
retired  from  the  telegraph  service  as  superintendent  in 
1891  and  was  then  appointed  British  Consul  at  Ispahan. 
The  following  ye.ar  he  became  Consul  for  the  Governor- 
ships of  Ispahan,  Yezd,  Gulpaigan,  and  K<ins.ar,  the 
Province  of  Irak,  and  the  districts  of  Clieharm-Mahal 
and  I-'eritlan.  Later  on  the  Bakliliari  territory  w.is  also 
incluiled.  He  received  his  C.M.G.  in  i8(><^  and  was  pro- 
moted lo  Consul-Gcncial  in  1900.  He  retired  in  l<>o6, 
having  made  his  final  journey  lo  the  Bakhtiari  country 
the  previous  ye.ar  when  he  was  successful  in  obtaining 
the  concessions  from  the  Bakhtiari  chiefs  for  the  working 
of  the  oil-fields.  From  ii^>  to  1917  he  lived  quietly  in 
Ixindon,  interesting    himself    mainly   in    Persian    affairs. 
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He  was  an  excellent  Persian  scholar,  and  tlioroughly 
understood  the  Persian  character,  Persian  policy,  and 
diplomacy.  He  was  also  a  noted  collector  of  Persian 
carpets,  china,  and  curios.  He  married  in  March,  1916, 
Mary  Isobel,  the  daughter  of  Mr.  D.  Graham  AUardice, 
and  widow  of  Mr.  J.  Duncan,  and  he  died  on  the  25th 
February,  1917,  aged  73.  He  was  elected  a  Member  of 
the  Institution  in   1872.  L.  P. 

JOHN  RENNIE,  born  at  Ayr  in  1850,  .ind  educated 
at  a  Free  Church  school,  began  his  training  in  large  ship- 
yards at  Glasgow.  When  26  years  of  age  he  entered  the 
University  of  Glasgow  and  gained  the  Thomson  E.xperi- 
mental  Scholarship  in  physics.  In  188 1  he  became 
secretary  and  private  assistant  to  Sir  William  Thomson, 
and  for  nine  years  worked  on  the  development  of  the 
Kelvin  electrical  measuring  instruments,  and  helped  with 
many  of  the  researches  wliich  were  being  conducted. 
If  ever  a  gre.it  man  had  a  faithful  disciple  who  felt  it  an 
honour  to  carry  on  part  of  the  results  of  his  master's  life, 
with  his  ideals  of  scientific  truth  and  scrupulous  accuracy, 
here  was  one.  In  1890  he  was  appointed  electrician  of 
the  Board  of  Trade  Electrical  Standards  Laboratory, 
which  seemed  likelj'  to  become  an  establishment  of  some 
importance.  But  it  met  with  so  much  official  discourage- 
ment and  restriction  that  he  never  took  the  place  in  the 
scientific  and  engineering  world  that  was  his  due.  During 
the  27  years  in  which  the  Laboratory  was  under  his  charge 
he  proved  that  the  Kelvin  balances  and  electrostatic  volt- 
meters were  not  only  worthy  of  the  original  requirements, 
but  that  they  have  been  capable  of  those  much  higher 
degrees  of  precision  which  are  necessary  at  the  present 
day.  In  the  early  days  of  the  Board  of  Trade  Electrical 
Standards  Laboratory  Mr.  Rennie  working  under  Major 
Cardew  compared  the  various  standards  and  sub-standards, 
and  minutelj^  investigated  the  instrumental  errors,  and  kept 
records  of  the  histories  of  the  important  apparatus.  When, 
with  the  development  of  electrical  engineering,  three- 
phase  working  opened  a  branch  of  work  which  the  Kelvin 
instruments  did  not  directly  cover,  he  kept  himself  well 
abreast  of  the  principles  of  three-phase  measurement. 
When  it  became  necessary  to  procure  suitable  wattmeters, 
he  was  very  exacting  in  his  requirements  and  expected 
more  from  the  instruments  than  was  easily  provided. 
Perhaps  the  most  important  work  of  his  life  was  expended 
on  electric  meters.  The  fact  that  notwithstanding  the 
inadequacy  of  legislation  with  regard  to  meters  so  little 
trouble  has  been  experienced,  that  such  excellent  meters 
are  in  use,  and  that  so  few  are  ever  disputed,  is  the  outcome 
of  his  incessant  work  on  the  subject.  With  his  unique 
knowledge  of  the  construction  of  electric  meters  he  was 
able  to  point  out  to  those  who  submitted  types  for  official 
approval  defects  which  would  show  themselves  after 
prolonged  tests.  This  approval  was  coveted  not  only  by 
British  but  by  foreign  makers,  and  so  thorough  were  his 
criticisms  that  gradually  nearly  all  the  meters  in  use  were 
of  ihe  approved  types.  He  was  a  retiring  man  personally 
unknown  to  many  engineers  but  well  appreciated  by  those 
few  who  had  to  deal  with  him.  He  had  high  ideals  in 
human  affairs  as  well  as  in  science.  When  some  verifi- 
cation had  been  made  with  six-figure  accuracy,  he  used 
to  say,  "The  'Old  Man'  would  have  liked  that."  He 
died  after  a  month's  illness  on  the   19th  February,   19 17. 


One  of  his  sons  was  killed  in  action  in  the  fourth  month 
of  the  War,  another  is  in  the  Royal  Xaval  Division  abroad, 
t  and  the  third  has  a  commission  in  the  Royal  Naval  Air 
Service.  Mr.  Rennie  leaves  a  widow  and  two  daughters. 
He  was  elected  a  Member  of  the  Institution  in  1S90. 

A.  P.  T. 

JOHN  GR.A.Y  SCOTT  was  educated  at  Hillhead  High 
School,  Glasgow,  and  at  the  Glasgow  and  West  of  Scot- 
land Technical  College,  afterwards  acting  as  assistant  to 
Professor  Jamieson.  He  was  appointed  Borough  Elec- 
trical Engineer  at  Whitehaven  in  June  1899,  and  to  a 
similar  position  at  Leith  a  year  later.  In  April  1902  he 
was  appointed  Borough  Electrical  Engineer  of  the  Cor- 
poration of  Croydon  where  he  was  responsible  for  a 
considerable  extension  of  the  works.  In  February  1904 
he  was  appointed  Chief  Engineer  and  General  Manager 
of  the  Hong-Kong  Railway,  and  occupied  this  position 
for  five  years.  On  his  return  to  England  he  was  for  a 
time  attached  to  the  staff  of  the  late  Sir  Clifton  Robinson. 
For  the  last  few  years  he  was  Professor  of  Electrical 
Engineering  at  the  Robert  College,  Constantinople,  and 
he  died  on  the  12th  July,  1916,  from  electric  shock, 
through  coming  in  contact  with  high-tension  switchgear 
at  the  College.  He  was  elected  an  Associate  of  the 
Institution  in  1900,  an  Associate  Member  in  1902,  and  a 
Member  in  1906.  A.  C.  C. 

Sir  JAMES  SIVEWRIGHT,  K.C.M.G.,  was  born  in 
1848  at  Fochabers,  N.B.  He  studied  at  Aberdeen  Univer- 
sity and  obtained  his  M.A.  degree  in  1866.  In  1868  he 
was  selected  as  a  probationer  for  the  Indian  telegraphs 
and  was  s-nt  to  the  late  Sir  William  Preece  for  practical 
experience.  He  later  joined  Preece's  staff  as  a  permanent 
official  at  Southampton  when  he  was  with  the  Electric  and 
International  Telegraph  Company.  On  the  transfer  he 
became  superintendent  of  a  section  in  Preece's  division. 
Subsequently,  in  1876,  he  was  for  a  short  time  Acting  Secre- 
tary to  the  institution  when  this  was  the  Society  of  Tele- 
graph Engineers  and  Electricians,  of  which  he  was  elected 
a  Member  in  1871.  In  1875  he  read  a  paper  on  "  Batteries 
and  their  Employment  in  Telegraphy  "  before  the  Society. 
In  1S77  he  went  to  South  Africa  to  report  on  the  telegraphs, 
and  remained  there  as  general  manager  to  the  Government 
telegraphs.  In  1879  he  wrote  a  second  paper  for  the 
Institution  on  the  "South  African  Telegraphs."  He 
gradually  became  interested  in  politics,  being  much 
associated  with  Cecil  Rhodes,  and  in  1885  he  gave  up  the 
telegraph  service.  From  1890  to  1892  he  was  Commissioner 
of  Public  Works  and  a  member  of  the  Cape  Ministry,  and 
again  from  1896  to  1S98.  He  retired  from  South  Africa  in 
1899  and  came  back  to  this  country,  though  still  retaining 
many  interests  in  South  Africa.  He  purchased  TuUiallan 
Castle,  where  he  hved  chiefly,  but  he  occupied  himself 
with  various  public  companies  and  was  chairman  of  the 
Imperial  Cold  Storage  Compan}-,  operating  in  South  Africa, 
and  Chairman  of  the  Aluminium  Corporation,  which  had  a 
large  water-power  station  in  North  Wales  and  works  at 
Hebburn.  He  was  also  a  director  of  the  Bath  Electric 
Tramways  Company  and  other  companies.  He  was  joint 
author  with  the  late  Sir  William  Preece  of  the  standard 
book  on  "  Telegraphy."  He  was  a  genial  Scotchman,  and 
an  excellent  speaker  at  public  meetings.  L.  P. 


548 


OBITUARY    XOTICKS. 


WILLIAM  STANLEY  (Jun)  was  born  in  Brooklyn, 
X.Y.,  in  November  1858.  On  leaving  college  he  found 
employment  for  a  short  time  with  a  firm  of  telegraph 
instrument  manufacturers.  He  then  started  a  nickcl- 
platmg  business,  but  soon  disposed  of  this  and  became 
an  assistant  to  Sir  Hiram  Maxim.  In  1880  he  joined  the 
staff  of  Ur.  Edward  Weston.  Two  years  later  he  started 
a  small  lal»orator)'  of  his  own  in  Knglcwood,  N.J.,  where 
i  i   out  experiments  on   storage  batteries  and  on 

.  n  transmission  of  power.  In  18S4  he  entered 
iiilo  au  arrangement  with  Mr.  Cieorgc  Wcstinghousc 
which  resulted  in  the  formation  of  the  Westinghousc 
Electric  Company.  In  order  to  obtain  funds  to  carry 
out  further  experiments  he  subsequently  sold  the  greater 
part  of  his  shares  in  the  Company  and  designed  and  con- 
structed an  expcrimcnt.il  alternating-current  supply  plant 
at  his  laboratory  at  Great  Harrington,  .Mass.  In  iSS^i  the 
Company  undertook  to  manufacture  the  transformers  and 
gciK-rators  which  he  designed,  and  the  first  alternating- 
current  plant  equipped  by  the  Company  was  started  at 
BulTalo  towards  the  end  of  tliat  year.  His  subsequent 
inventions  included  the  auto  transformer,  various  types 
of  alternating-current  generators  and  motors,  an  induc- 
tion w.iltmetcr,  and  apparatus  for  neutralizing  induction 
on  telephone  lines.  In  1890  the  Stanley  Electric  Manu- 
facturing Company  was  formed  at  I'ittslield,  M.iss.,  which 
was  afterwards  absorbed  by  the  (leneral  Electric  Coni- 
pinv.  At  tlie  time  of  his  death  which  took  place  at  Great 
'  n.   M.1SS.,  on   the   14th   May,  1916,  he  was  con- 

iih  the  latter  Company.  He  was  elected  a 
Foreign  Member  of  the  Institution  in  1892  and  a 
Member  in  1911. 

HENRY   HERNARD  STONE  was   born   in   1877  and 

received   his  electrical   training  at   Brooklyn,  U.S.A.     In 

1900  he  was  appointed  resident  electricil  engineer  to  the 

Guildford  Electricity  Supply  Company  and  superintended 

the  erection  of  a  new  power  station  and  the  rcorganiz.ition 

of  the  plant.     During  the  South  African  War  he  served 

with   the   Electrical    Engineers   (R.E.)  Volunteers    for  a 

period   of   one   year.     On   his   return    to  this  country  in 

190*    he    became    branch    manager    to    Messrs.    Roger 

Dawson   and   Co.     In    1905   he  was   appointed    manager 

of   the   power   and   supply   dep.-irtnicnt   of   the    Kangoon 

'  ind  Supply  Company,  a  position  which 

:  -      After  SIX  months  in  business  on  his 

mt  in  Calcutta,  he  became  resident  engineer  in 

!   the  re-erection  and  maintenance  of  the  J.immu 

hydro-electric  installation.      In    March    191 1   he  was  ap- 

(.  .ititiH   rhief   electrical   engineer   of   the  Jhelum    power 

'I    at    Baramulla,    Kashmir.     He    later    l>ecame 

K' I"  I  11    manager    and   cliitf   electrical   engineer    to    the 

l^horc   Eleclricilv  Supply  Company,  a  position  which  he 

■iibcr  1916.     He  was  elected 
ic   Institution  in    i<;ni)   and  a 
Mciiilicr  in  1911. 

SILVAM  s  I'lllLLII'S  THOMPSON  was  born  in 
York  in  l^^l,  He  wa*  brought  up  after  the  manner  of 
Fncnd»  and  from  hi»  ciiflicut  days  wa»   surrounded   by 

•" ....  ,.       ,,  j.j_      Hi,   father    who   was   a 

-,  year*  was  a  great   botanist 
.ui  I  'JoubiJcvi   luUcicd   iiii.  »on'i   love  for   science.      He 


attended  his  father's  classes  at  Bootham  School  and  seems 
to  have  done  uniformly  well  .all  round.  He  next  went  to 
the  Flounders  Institute— a  training  school  for  teachers — 
at  Ackworth,  where  he  worked  hard  and  took  the  London 
B.A.  degree  in  1869.  In  1870  he  was  appointed  junior 
science  master  at  Bootham,  a  post  wliich  he  held  until 
1875.  It  is  recorded  that  his  school  lessons  were  .admir- 
able and  were  generally  illustrated  by  artistic  diagrams 
drawn  by  himself,  ("i.aining  a  scholarship  at  the  Uoyal 
School  of  Mines  he  came  to  London  and  studied  under 
Guthrie,  Huxley,  and  Sir  Edmund  Frankland.  In  1875 
he  took  the  London  B.Sc.  degree,  being  bracketed  first  in 
honours.  The  same  year  also  he  joined  the  Physical 
Society  of  London,  with  which  he  was  ever  after  closely 
associated.  In  1876  he  went  to  Heidelberg,  .attending 
lectures  by  Bunscn  and  Ouinckc  and  at  the  same  time 
perfecting  his  conversational  knowledge  of  German. 

In  1S7O  he  was  appointed  to  the  Chair  of  Physics  at  the 
University  College,  Bristol,  a  post  whicli  he  held  for  nine 
years  and  wliere  he  did  most  valuable  work.  In  1881 
he  married  .Miss  Jane  S.  Henderson  of  Pollockshields, 
Glasgow,  an  event  which  contributed  in  no  small  degree 
to  his  subsequent  success  and   happiness. 

The  work  of  Thompson's  which  h.ad  the  greatest  success 
was  his  "  Elementary  Lessons  in  Electricity  and  Mag- 
netism"  published  in  1881.  The  writer  remembers 
using  it  as  a  textbook  for  first-year  medical  students  in 
1887,  and  how  admirably  it  answered  its  purpose.  This 
book  ran  through  some  40  editions  and  reprints.  In 
revising  the  last  edition  he  received  able  help  from 
his  daughter  Helen  G.  Thompson,  B.Sc.  In  1882  he 
was  elected  a  Member  of  the  Society  of  Telegraph 
Engineers  and  F^lectricians.  During  this  period  he 
studied  electrical  problems  assiduously  and  in  1884 
published  his  epoch-making  work  "  Dynamo-electric 
Machinery  :  a  Manual  for  Students  of  Electrotechnics." 
Practically  every  designer  of  electrical  machines  has 
gle.aned  his  first  information  on  the  subject  from  this 
work.  In  the  numerous  editions  and  expansions  of  the 
work  which  subsequently  appeared  he  has  amplified  and 
improved  much  of  the  original  edition.  Still  the  first 
edition  contiins  nearly  all  th.at  matters,  and  the  theorems 
and  ideas  incorporated  in  it  are  still  to  be  found  in  all  the 
recently  published  books  on  design.  The  success  of  the 
book  was  instantaneous.  It  was  much  appreciated  in 
the  universities,  and  many  young  men  were  first  attracted 
to  enginceiing  studies  by  rea<ltng  it.  In  the  i^refacc  the 
author  carefully  points  out  that  the  mallu'inatical  theory 
of  the  dynamo  can  only  be  written  when  the  true  basis 
on  which  it  should  be  founded  is  discovered.  This  basis 
is  the  exact  law  of  the  induction  of  magnetism  in  the 
core  of  an  electromagnet.  To  many  writers  this  had 
proved  an  insuperable  obstacle.  But  Thonipvoii  proved 
th.it  although  the  exact  law  had  not  yet  been  given  by 
a  inathentatical  formula,  yet  an  approximate  method  could 
be  given  which  wa>  of  the  greatest  value  in  pr.ictic.al 
design. 

In  1885  Thompson  was  elected  Piincipal  and  Professor 
of  Physics  and  Fllcctrical  Engineering  in  the  City  and 
(tuilds  of  London  Technical  College,  a  post  which  he  held 
till  his  death  on  the  i^h  June,  1916.  As  a  professor, 
whether  as  a  teacher  or  as  an  original  investigator,  he 
was  equally  adnniable.     His  pupils,  many  of  whom  arc 
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scattered  all  over  the  world,  remember  him  with  the 
greatest  affection  and  pride.  His  powers  of  exposition 
were  almost  unrivalled  and  his  kindly  and  sympathetic 
help  and  advice  made  his  students  love  as  well  as 
admire  him. 

In  1886  he  was  elected  a  Member  of  the  Royal  Insti- 
tution in  Albemarle-street,  where  he  spent  many  of  the 
happiest  hours  of  his  life  with  his  friends  or  in  hearing  or 
giving  scientific  lectures.  In  1887  he  communicated  to 
the  Institution  of  Electrical  Engineers  a  paper  on  Tele- 
phonic Investigations,  and  in  the  following  year  anotlier 
on  Influence  Machines. 

In  1890  Thompson  delivered  the  Cantor  Lectures  to  the 
Society  of  Arts,  the  subject  being  the  electromagnet  and 
electromagnetic  mechanisms.  He  subsequently  expanded 
the  lectures  into  a  book  to  which  his  brother.  Dr.  J. 
Tatham  Thompson  of  Cardiff,  contributed  a  chapter  on 
the  use  of  the  electromagnet  in  surgery.  The  book  is 
admirably  lucid,  and  many  difticult  problems  are  success- 
fully attacked.  In  several  cases  also  his  conclusions  have 
formed  the  starting-point  for  other  investigators,  and  the 
good  seed  he  sowed  has  borne  abundant  fruit. 

In  1891  he  was  one  of  the  honorary  Vice-Presidents  of 
the  Electrical  E.xhibition  at  Frankfort,  and  in  the  same 
year  he  was  elected  a  Fellow  of  the  Royal  Society.  He 
was  one  of  the  British  Delegates  to  the  Electrical  Congress 
at  Chicago  in  1893.  At  this  Congress  he  read  a  paper  on 
a  method  for  diminishing  the  distortion  of  the  electro- 
magnetic waves  in  submarine  cables  used  for  telephony. 
The  method  was  to  insert  inductive  shunt  circuits  or 
leaks  across  the  two  lines  of  the  cable  or  between  the  line 
and  the  earth.  It  undoubtedly  equalizes  the  "attenu- 
ation "  at  different  frequencies,  and  so  improves  the 
clearness  of  the  articulation.  Unfortunately,  however,  it 
greatl}'  diminishes  the  loudness  of  the  sound.  The  method 
is  a  perfectly  valid  one  and  useful  in  certain  cases,  but  the 
method  perfected  by  Pupin  some  years  later  is  the  one 
now  adopted  in  practice.  In  this  method  inductive  or 
"loading  coils"  are  inserted  in  series  in  the  line.  Thomp- 
son, however,  was  the  earliest  pioneer  of  ocean  telephony 
and  his  paper  attracted  world-wide  attention. 

In  1894  the  University  of  Konigsberg  conferred  on  him 
the  honorary  degree  of  Doctor  of  Medicine  and  Surgery. 
In  1895  he  gave  the  Cantor  Lectures,  choosing  the  Arc 
Light  as  his  subject.  His  "Polyphase  Electric  Currents 
and  Motors"  was  published  in  1896  and  in  the  same  year 
he  gave  Royal  Institution  lectures  on  "  Light,  visible  and 
invisible."  These  were  published  in  book  form  and  have 
given  pleasure  and  instruction  to  a  very  wide  circle  of 
readers.  In  1898  he  read  a  valuable  paper  to  the  Institu- 
tion on  "  Rotatory  Converters."  No  small  part  of  our 
present  knowledge  of  the  subject  was  first  given  in  this 
paper. 

In  this  year  also  was  published  in  the  Century  Science 
Series  his  biography  of  Faradaj'.  Thompson's  sym- 
pathetic insight  into  the  motives  governing  Faraday's 
life  and  his  appreciation  of  the  immense  debt  which  the 
world  owes  to  his  memory  made  him  the  ideal  biographer. 
In  his  preface  he  says,  "  In  the  recollection  of  such  as 
have  survived  him,  his  image  lives  and  moves,  surrounded 
with  gracious  memories,  a  vivid  personality  instinct  with 
rare  and  unselfish  kindness."  Surely  these  words  apply 
also  to  Silvanus  Thompson. 


In  1899  he  was  elected  President  of  the  Institution,  a 
post  which  he  most  worthily  filled.  Much  of  tlie  advice 
which  he  gave  in  his  Presidential  Address  we  have 
adopted.  He  advocated  both  the  mutual  co-operation 
of  scientific  workers  and  the  combination  of  electrical 
engineers  in  active  union.  "  When  we  speak,"  he  said, 
"in  the  name  of  the  united  profession,  with  the  weight 
of  the  whole  industry  to  emphasize  our  views"  we  can 
accomplish  much  for  the  good  of  the  profession  and  also 
for  tlie  country. 

In  the  battle  of  continuous-current  versus  alternating- 
current  systems  Thompson  took  a  leading  part.  He  felt 
most  strongly  on  tlie  way  the  managers  of  the  Metropolitan 
Railway  decided  to  use  continuous  current.  He  was  most 
scornful  about  the  so-called  experiments  on  electric  traction 
on  this  railway.  In  his  opinion  it  v^'as  simply  a  throwing 
away  of  ;f3o,ooo.  When  we  can  predict  with  absolute 
certainty  what  will  happen  it  is  surely  pure  waste  to  go 
to  the  cost  of  making  the  experiment.  Thompson's  in- 
genious system  of  electric  traction  b}-  surface  contact 
studs  was  described  by  Miles  Walker  in  a  paper  to  the 
Institution  in  1899.  If  the  local  authorities  in  this  countrj- 
had  made  a  firmer  stand  against  overhead  wires  this  system 
would  probably  have  become  popular.  The  danger  of 
the  studs  being  left  alive  after  the  car  had  passed  over 
them  was  entirely  obviated. 

In  1900  Thompson  was  elected  a  member  of  the  Senate 
of  London  University,  and  he  was  also  elected  the  first 
President  of  the  Rontgen  Society.  This  Societ}-  has  done 
invaluable  work  in  perfecting  apparatus  and  methods  for 
X-ray  photography,  and  consequently  its  work  has  in- 
directly been  of  almost  priceless  value  in  saving  lives 
and  obviating  human  suffering. 

In  January  1901  Thompson  gave  a  lecture  on  Faraday 
(in  German)  to  the  Urania  Society  in  Berlin,  and  in  June 
of  the  same  year  gave  a  very  interesting  Boyle  lecture  at 
Oxford  on  "  Magnetism  in  Growth."  A  few  years  after- 
wards he  was  commissioned  to  write  the  official  biography 
of  Kelvin,  whom  he  regarded  as  the  greatest  scientist  of 
the  nineteenth  century,  just  as  he  claimed  Faraday  as 
"  beyond  all  question  the  greatest  scientific  expositor 
of  his  time."  Kelvin  helped  Thompson  in  the  first 
stages  of  the  work,  but  he  died  before  it  was  finished. 
In  1908  Thompson  gave  the  first  Kelvin  lecture,  and  in 
igio  was  published  the  "  Life  of  William  Thomson,  Baron 
Kelvin  of  Largs." 

In  1910-11  he  delivered  the  Christmas  lectures  on 
Sound  at  the  Royal  Institution.  In  191 1  he  was  an 
honorary  Vice-President  of  the  Electrotechnical  Congress 
at  Turin.  In  191 2  he  was  given  the  honorary  degree  of 
LL.D.  by  Birmingham  University  and  was  elected  Presi- 
dent of  the  Optical  Conference.  In  1913  Bristol  University 
made  him  an  honorary  D.Sc. 

In  1914  the  tragedy  of  War  broke  out.  To  a  man  of 
his  temperament  imbued  with  such  an  enthusiasm  for 
humanity  and  actuated  only  by  the  highest  ideals  the 
horror  of  it  all  impressed  him  in  a  transcendent  degree. 
Yet  he  never  lost  faith  although  he  gazed  wistfully  on  the 
past  as  the  shadows  lengthened.  When  the  final  call 
came  on  the  13th  June,  1916,  he  was  thoroughly  pre- 
pared, his  house  in  order  and  his  life's  work  done. 

It  is  too  early  yet  to  appraise  Thompson's  work,  but 
that  part  of  it  which  was  of  most  immediate  value  in  his 
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lifetime  was  in  connection  with  electrical  cngiiiccrinj;;. 
He  worked  whole-heartedly  for  the  ad\-anccnicnt  of 
our  industry  and  profession,  and  as  a  direct  means  to 
did  everything  in  his  power  to  advance 
of  our  Institution.  He  was  indefatigable 
Hi  !.i>  .«;icndancc  at  Council  and  Committee  Meetings 
and  .i!-n  at  the  Ordinary  Meetings.  \o  nuinlicr  of 
our    '  1  was  better  known  and  certainly  none  was 

mo;  I 

He  had  many  enthusiasms,  but  perliaps  his  greatest  was 
that  of  a  book  collector.     Xo  one  had  a  greater  love  for 
old  IxMks.     His  library  at  his  home  in  Hampste.id  was  of 
'      .;  interest.     His  wonderful  collection  of  books  on 
\    .iiid    magnetism  is  perhaps  the  most  valuable 
111  ;  in.     It  consists  of  about  I  vooo  items,  includ- 

ing .iscripts  on  magnetism.     Nearly  900  of  the 

books  Were  publi>hed  prior  to  1S25.  Many  of  them  are  of 
interest,  not  onlv  as  showing  the  ideas  about  electricity 
and  magnetism  current  in  past  centuries,  but  also  beciusc 
of  special  interest  attaching  to  special  copies.  For  instance, 
the  memoirs  of  A.  M.  Ampere,  "  the  Newton  of  electro- 
dynamics" on  the  mutual  action  between  two  electric 
currents,  contains  Ampere's  autographic  inscription. 
"  Dialogus  dc  Systemate  Mundi"  is  the  copy 
iiged  to  Kene  Descartes  and  has  his  signature 
and  nurginal  notes.  One  of  the  hooks  has  the  Aldinc 
Anchor  Mark  In  one  of  its  rarest  forms.  Some  belonged 
to  Faraday,  Gilbert,  S.  T.  Coleridge,  Delaunay,  Volta, 
Archdeacon  Barlow,  Ridley,  and  others.  .Many  are  quaint 
and  rare,  and  some  arc  unique.  To  Thompson  they  were 
all  well-known  friends.  In  addition  the  library  contains 
s-ime  200  autograph  papers  of  eminent  scientihc  men  and 

34  1"  >I^- 

I.  n,  wife  of  Sir  Roland  K.  Wilson,   of  Rich- 

mond, itiid  daughter  of  Richard  Phillips,  F.R.S.,  who  was 
Thompsons  great-uncle,  presented  him  willi  the  letters 
Fara<lay  wrote  to  her  father. 

Thompson's  old  friends  thought  that  the  best  memorial 
of  him  would  be  to  purchase  his  libr.-iry  from  his  executors 
and  house  it  at  our  Institution,  where  it  would  be  avail- 
able for  all  desirous  of  study.  It  is  most  gratifying  to 
know  that  arrangements  have  now  been  made  for  this 
to  be  done. 

Thompson  was  alw.iys  a  warm  advocate  of  technical 
education.  In  1X78  he  read  a  paper  on  the  subject  at 
Cheltenham,  and  in  the  following  year  he  proposed  a 
kcheme  for  a  central  institution  for  technical  education  in 
London,  and  explained  the  French  system  of  apprentice- 
ship schools.  In  his  later  years  he  w.is  insistent  on  the 
urgent  necessity  of  the  closest  co-operation  between  science 
and 
"  i  le  teachings  of  science  ;  ignore   the  expert 

;  carry  on  your  works  without  him  ;  if 
n,  pay  him  less  wages  than  you  pay  a 
hllcr  ;  put  him  under  non-technical  directors  and  nian.igers 
u.',.i  ln..vi    II,,  •-.  icnce.     Then,  when  after  years  of  this 
len^  come  home  to  roost,  and  you  find 
ill'  ought  to  have  been  made  here  is  m.idc 

in  (  "  instca<l.  blame  the  patent  laws,  blame 

I  he  Trades  L'liions. 
I  the  chicfcsl  caii>-c 
I  men  to  llic  truth 
ic.ider«  despise  and 


neglect  science.  It  was  so  before  tlie  War  ;  it  will  be 
so  after  it." 

Thompson  wanted  every  kind  of  improved  condition 
for  the  worker,  but  most  of  all  he  wanted  him  to  know 
science,  for,  in  his  opinion,  upon  this  everytliing  else 
depended.  .\  few  weeks  before  his  death  he  said  :  "  Wc 
.are  twenty  years  behind  the  Slates  in  our  appreciation 
of  the  importance  of  science  to  industry.  .  .  .  I'ntil  we 
h.-ive  made  good  for  backwardness  and  blindness  it  will 
be  mostly  idle  to  talk  of  Great  Britain  capturing  the 
industries  wliich  have  been  destroyed  on  the  Continent 
of  Europe  by  the  great  w.ar.  .  .  .  In  persistent  collaboration 
and  co-operation  of  industn*'  with  science  lies  the  road 
to  progress." 

As  a  popular  lecturer  Thompson  was  unrivalled.  Some 
20  years  .ago  he  g.ave  a  lecture  in  the  Carpenters'  Hall  on 
the  future  of  Electricity,  in  which  he  described  in  a  most 
entrancing  way  the  industrial  revolution  thai  would  ensue 
when  electricity  w.as  used  uiiivers,illy.  The  hygienic 
factories,  the  workpeople  conveyed  rapidly  to  their 
suburban  homes,  the  small  ni.anufacturer  with  the  aid 
of  cheap  power  and  assisted  by  his  family  well  able  to 
compete  successfully  with  the  factory,  the  absence  of 
smoke,  the  roof  gardens,  etc..  were  all  described  in  the 
most  realistic  and  convincing  way.  One  fell  that  electricity 
was  on  the  point  of  revolutionizing  the  world. 

In  optics,  more  p.articularly  in  photometry,  Thompson 
took  the  greatest  delight.  Some  years  ago  he  h.ad  to  give 
expert  evidence  at  the  Law  Courts  as  to  the  relative  merits 
of  various  types  of  reflectors.  The  writer  remembers  him 
coming  to  the  F.araday  House  laboratories  to  check  the 
numbers  obtained  by  the  various  experts.  It  was  an 
education  in  itself  to  see  how  he  verified  their  figures  and 
tested  them  in  every  possible  way. 

He  loved  music  and  had  an  .iccurate  musical  car.  The 
valuable  paper  which  he  read  to  the  Physical  Society  in 
n;io  on  "Hysteresis  Loops  and  Liss-ajous'  Figures"  was 
a  happy  mixture  of  magnetism,  sound,  and  mathematical 
theorems.  In  solving  mathematical  prublenis  and  invent- 
ing new  mathematical  theorems  he  took  the  keenest  delight. 
He  did  most  excellent  work,  for  instance,  in  simplifying 
Runge's  method  of  practical  harmonic  analysis.  He  was 
dissatisfied,  however,  with  the  accuracy  obtainable  by  this 
method.  He  then  invented  the  series  method  of  harmonic 
analysis.  The  writer  remembers  how  pleased  lie  was 
when  he  first  discovered  it  and  with  what  mutual  pleasure 
we  discussed  it.  He  greatly  appreciated  the  lectures 
which  Dr.  Kennelly  of  Harvard  gave  at  the  Institution 
some  years  ago.  In  proposing  a  vote  of  thanks  to  him  he 
expressed  himself,  as  usual,  most  happily.  He  said  that 
he  felt  constrained  to  exclaim  "  Great  is  the  Hyperbolic 
Angle  and  Kennelly  is  its  Prophet.'  He  took  a  keen 
interest  in  hyperbolic  trigonometry,  and  the  wiiler  thinks 
that  he  coiitempl.ited  at  one  time  writing  a  little  treatise 
on  the  subject. 

As  a  Past  President  of  the  club  whi>.h  h.as  the  quaint 
title  of  "  The  Sette  of  Odd  Volumes,"  Thompson  took  a 
great  interest  in  general  antiquarian  literature.  In  igi4 
he  contributed  to  ihc  ProKCiiiiip  of  the  BiiliMi  Ac.idemy 
a  most  iiiteicsting  paper  on  "The  Rose  and  the  Winds: 
the  Origin  and  Devilopmcnt  of  the  Compass  Card."  As  a 
poet  he  attained  some  distinction.  His  nmiiodies  on 
M.atthew    Arnold    an<l    Tennyson    were   excellent.      The 
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following   lines   from   the   former   may   bo   approprfately 

quoted  : — 

"  The  eager  spirit  pent  witliin  thy  breast 
Hath  passed  tYi^m  doubt  to  sight  ; 
Hath  found  the  awaited  spark  from  heaven  descend  ; 
The  hght  thou  soughtest  shining  dear  in  view 
When  strange  and  vain  the  eartlily  turmoil  grew, 
And  night  has  fallen  as  welcome  as  a  friend." 

As  an  artist  Silvanus  Thompson  attained  distinction, 
several  of  his  works  being  exhibited  in  the  Royal  Academy. 
He  began  sketching  in  water  colours  when  i8  years  old. 
He  was  particul.xrly  successful  in  painting  glaciers,  but  he 
has  left  pictures  of  landscapes  in  Scotland,  Suffolk,  Whitby, 
the  Black  Forest,  the  Rocky  Mountains,  Arolla,  Saas  Fee, 
and  the  Austrian  Tyrol.  On  these  painting  excursions  he 
was  absolutely  happy.  The  last  of  these  golden  holidays 
was  spent  in  the  Dolomites  in  1914  just  before  the  War 
broke  out,  and  alas  he  then  laid  down  his  brush  for  ever. 


To  the  Institution  of  Electrical  Engineers  the  loss  of 
Professor  Silvanus  Phillips  Thompson  in  the  plenitude 
of  his  powers  is  most  grievous.  He  has  left  us  heavily  in 
his  debt.  His  work  lives  and  will  continue  to  live.  As 
the  years  roll  on  we  shall  ever  gratefully  remember  his 
enthusiasm  and  kindly  sympathy.  His  memory  is  a 
precious  possession. 

He  is  survived  by  his  widow  and  four  daughters.  His 
youngest  daughter,  Irene,  is  the  wife  of  T.  E.  Harvey,  M.P., 
late  Warden  of  Toynbee  Hall. 

The  writer  has  to  thank  Mrs.  Thompson,  Lady  Wilson, 
and  Mr.  W.  M.  Mordey  for  kindly  giving  him  information. 
He  has  also  to  acknowledge  his  indebtedness  to  a  deeply 
interesting  article  b}-  G.  N. 
Thompson  and  his  Message " 
Friends'  Oiiciiicrlv  Examiner. 


on    "  Professor    Silvanus 
which    appeared    in    the 
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